
CONF-730907-P2 

Proceedings of the 

THIRD INTERNATIONAL CONGRESS 
of the 

INTERNATIONAL RADIATION 
PROTECTION ASSOCIATION 

September 9-14, 1973 

Washington, D.C. 

l l ^ E ^ wg 
INTERNATIONAL RADIATION PROTECTION ASSOCIATION 

y. S. ATOMIC ENERGY COMMISSION 

Office of Informalfon Servkss 
Tsebnlea! Information C@nt@r 

Oak Rldg@; Tenn@§§@@ 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



N O T I C E 

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States nor the United States Atomic Energy Commission, 
nor any of their employees, nor any of their contractors, subcontractors, or their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use would not infringe privately owned 
rights. 

This repor t has been reproduced directly from the best available copy. 

Available from the National Technical Information Service, U. S. Depar tment of 

Commerce , Springfield, Virginia 2 2 1 5 1 . 

Price: Paper Copy $13 .60 

Microfiche $1.45 



CONF-730907-P2 
Distrtbution Category UC-41 

THIRD INTERNATIONAL CONGRESS OF THE 

INTERNATIONAL RADIATION PROTECTION ASSOCIATION 

Held at the Washington Hilton Hotel, 

Washington, D.C, September 9-14, 1973 

Editor 

W, S. Snyder 

February 1974 

- N O I I C i " 
This report was prepared as an account of work 
sponsored by the Umted States Government. Neither 
the United States nor the Umted States ^.tomic Energy 
Commis&ion, por any of their employees, nor any of 
their contractors, subcomractors, or they employees, 
makes any warranty, express or imphed, or assumes any 
legal habihty or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process aistlosed, or represents that its use 
would not infringe privately owned rights 



P R E F A C E 

The Third International Congress of the International Radiation 
Protection Association (IRPA) was held in Washington, D . C , September 
9-14, 1973, and was hosted by the Health Physics Society. Two 
previous Congresses were held in Rome, I ta ly , in September 1966 
and Brighton, England, in May 1970. 

The scient i f ic program, consisting of 237 papers, was truly in ter
national in scope. Scientists and administrators of 33 countries from 
a l l corners of the world ac t ive ly part ic ipated in the Congress. In 
addit ion to the scient i f ic program, refresher courses were held as part 
of a continuing professional development program. Scienti f ic tours, 
an exhibi t ion of radiation protection equipment and services, and a 
l i ve ly social program completed the Congress act iv i t ies. A modified 
rapporteur system of presentation was used, and a relat ively few papers 
were given oral ly by individual authors. This system, not In great use 
in the United States, received some cr i t ic ism. However, i t does pro
vide an ef f ic ient system of presenting in a l imited time a large number 
of papers, wi th only the pertinent facts being offered by the rapporteur, 
thus saving the audience listening to detai ls. 

The Scient i f ic Program Committee under chairmanship of Dr. Bo 
Llndell had a most d i f f i cu l t task in developing the technical program. 
Perhaps I am somewhat biased; however, I bel ieve the committee did 
an outstanding job. A t Its first meeting in Budapest, Hungary, in May 
of 1972, the committee made the decision that xill projection slides 
presented at the Congress would receive severe screening and inspec
t ion in order to prevent the presentation of poor slides and incompre
hensible data. Some authors resented such an Inspection procedure; 
however, I am certain that the audience appreciated the fact that the 
committee Instituted this. Such a procedure should be an integral part 
of a l l scient i f ic meetings. 

The IRPA Executive Council agreed to al low publ icat ion of the 
Congress Proceedings after receiving a most welcome inv i tat ion from 
the U. S. Atomic Energy Commission to pr int the papers in two volumes 
at no cost to IRPA. The task of edit ing and working wi th the USAEC, 
of course, fe l l to the IRPA Publications Director, Dr. Walter S. Snyder, 
and his staff at the Oak Ridge Nat ional Laboratory. The publ icat ion 
of such an extensive body of scient i f ic papers requires a tremendous 
amount of effort on the part of Dr. Snyder and his staff, and the IRPA 
Executive Council sincerely appreciates this effort. These Proceedings 
w i l l provide a valuable record of the Congress and serve as a s ign i f i 
cant reference in the future. 
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The papers in these Proceedings are arranged by the sessions as 
specified by the Scienti f ic Program Committee and as presented at the 
Congress. Unfortunately, i t was impossible to include the rapporteur 
papers in this publ icat ion. Nevertheless, the Program Committee and 
the Internationa! Meeting Commission grateful ly acknowledge the effort 
that went into the preparation and presentation of their reports. Only 
a few papers for various reasons could not be obtained for publ icat ion. 
I am sorry for those authors who w i l l not have their papers published, 
after going to the effort of presenting their information at the Congress. 
The Editor and I both acknowledge wi th gratitude and express our thanks 
for the cooperation of the authors of the papers presented here. 

A t the IRPA General Assembly, we observed the passing of the 
Presidential Bel! from Dr. W. G . Marley to the capable hands of 
Dr. Carlo Polvani. We a l l express our most grateful thanks to Gregg 
Marley for a job wel l done; to Carlo Polvani, we wish great success 
in leading IRPA these next three years. I t was indeed grati fying to 
welcome to the fold of IRPA our most recent a f f i l ia ted society—the 
Radiation Hygiene Section of the Scient i f ic Society of Hyglenists of 
the USSR. We also observed that IRPA now has a reasonable bank 
account and w i l l wisely use its funds to support international and 
regional meetings and appropriate Internationa! organizations con
cerned with radiation protect ion. The Assembly also accepted the 
invi tat ion of the Czechoslovak Society of Nuclear Medicine and 
Radiation Hygiene to hold the Fourth International Congress in 1976. 
We w i l l be pleased to assist Dr, Vladislav Klener, the new Vice 
President for Congress Affairs, in preparing for that Congress. 

Another outstanding event of the Congress was the first presen
tation of the Sievert Award to Dr. Bo Llndell of Sweden. Rolf M. 
Slevert was a giant in the f ie ld of radiation physics and protection 
and a gentleman. Bo Llndell is of the same mold and a most worthy 
recipient of the award. His lecture on the assessment of radiation 
risk was an outstanding contribution to the Congress, 

The Congress would not have been a success without the f inancial 
contributions and assistance of many national and International groups 
and agencies. These are acknowledged on page of this volume. Also 
our deep appreciation is given to the scient i f ic and technical exhibitors 
who gave us an opportunity to observe their equipment and learn of 
their services to our fields of endeavor. Due thanks is also given to 
the exhibitors for contributing to the f inancial success of our Congress. 

It is an impossible task to thank personally each individual who 
worked hard and long, behind the scenes and at the forefront, to make 
the Congress the success that i t was. To each of you, i t was a pleasure 
for me to share in the effort and to work wi th so many f ine people from 
so many lands. 

Claire C. Palmiter 
Congress President 
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FOREWORD BY THE EDITOR 

The Editor hopes these Proceedings w i l l be a useful summary of 
the Third International Congress. Every effort was made to hold 
authors to their a l lot ted number of pages, and riie compromises f ina l ly 
reached were related to the total number of pages for each category 
of papers. In a few instances, authors did arrange for use of supple
mentary pages or ig inal ly assigned to another author from the same 
inst i tut ion. No retyping has been done to achieve a uniform style, 
and thus the presentation of the material is due ent i rely to the 
authors. Some papers were withdrawn prior to the Congress, and 
some authors were unable or unwi l l ing to deliver papers in time for 
inclusion in the Proceedings. The Table of Contents consists of the 
complete program as presented for the Congress, The reader may 
wish to contact individual authors for missing papers or for further 
details on the work presented here. The Editor wishes to acknowl 
edge the work of James Hickey and Sally Stockstill who helped In 
the editor ial work for these Proceedings, 

Walter S, Snyder 
Publications Director 
I R P A 

Oak Ridge, Tennessee 
February 1974 
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OPERATIONAL HEALTH PHYSICS - 1 

OPERATIONAL HEALTH PHYS-ICS 
DURING DISMANTLING OF THE ELK RIVER REACTOR 

Dan McConnon 
United Power Association 

Elk River, Minnesota 

Abstract 

The Elk River Reactor (ERR), a 58 I« (th) boiling water reactor, was 
operated for four years and shut down in 1968 for economic reasons. The 
facility is now being dismantled such that the reactor site will be returned 
to approximately the condition that existed prior to installation of the 
reactor with all vestiges of the reactor plant (except for subgrade 
foundations) having been removed and disposed of. This is the first time 
that decommissioning of a power reactor has involved complete removal and 
disposal of large radioactive structures, rather than in-place entombment. 

Removal operations and radiological conditions during dismantling of the 
highly radioactive portions of the reactor are described. The removal 
sequence of these structures started with the reactor internals and inner 
thermal shield, progressed through the pressure vessel and outer thermal 
shield and ended with the inner sections of the biological shield. 
Segmentation of the structures, either by mechanical or hot-cutting 
techniques, and packaging for transportation were done remotely to control 
personnel exposure with the addition, at times, of temporary shielding. To 
prevent the spread of contamination to work areas, operations were carried 
out underwater, or where this was not possible, in a specially designed 
containment structure around the work area. 

Introduction 

The Elk River Reactor (Figure 1), an indirect-cycle, natural circulation, 
boiling water reactor, was constructed by Allis Chalmers under a United States 
Atomic Energy Commission contract as part of the Commission's second round 
power reactor demonstration program and was operated by the United Power 
Association of Elk River, Minnesota under contract to the Commission. The 
total thermal capacity of the plant was 58.2 megawatts with a rated net 
electrical output of 22.5 megawatts. The reactor plant was constructed 
adjacent to an existing conventional electrical steam generating plant on 
land owned by the United Power Association and leased to the Atomic Energy 
Commission. 

Initial reactor criticality was achieved in November, 1962, with power 
operation commencing in July, 1964. The plant was operated by the United 
Power Association from June, 1965 until final shutdown in January, 1968. 
Since that time, the Elk River Reactor has been maintained in a shutdown 
status with a limited number of systems being operated. All fuel was removed 
from the reactor and shipped from the site in 1968 and 1969. 
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Figure 1: General View of the Elk River Reactor Site and Electrical Steam 
Generating Plant 

Upon expiration of the contract with the Atomic Energy Commission for 
operation of the reactor, the United Power Association, for economic reasons, 
waived its option to purchase the plant. Pursuant to the terms of a 
modification to the operating contract, the Elk River Reactor Plant is being 
dismantled with all structures being removed approximately to grade level. 
Upon completion of the dismantling operation which is estimated to require 
approximately 2-1/2 years, the site will be available on an unrestricted 
basis to the United Power Association for installation of facilities 
associated with its conventional steam-electrical generation plant. 

Planning of dismantling operations began in March, 1971 and a document 
summarizing planned operations'̂ •̂ •'was submitted for approval to the Atomic 
Energy Commission in August, 1971. An Environmental Impact Statement on the 
project^^was issued by the Commission in May, 1972. An order to proceed with 
dismantling of the facility was received from the Commission in June, 1972 
when dismantling operations began. To date, all highly radioactive structures 
including the reactor internals, pressure vessel and outer thermal shield have 
been removed and disposed of. The current phase of dismantling involves 
removal and disposal of the concrete biological shield. 
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Removal Operations 

The general arrangement of reactor internal structures is shown in 
Figure 2. The removal sequence of highly radioactive structures proceeded 
from the inside out. That is, the first structures removed were the 
components contained within the reactor pressure vessel, then the pressure 
vessel itself, and finally the outer thermal shield which was a cylindrical 
lead and steel sandwich providing a radiation barrier and a thermal barrier 
between the pressure vessel and the biological shield concrete. Estimates 
of the total inventory of long-lived radioactivity in each of the structures 
and measurements of the resultant maximum contact radiation levels are shown 
in Table 1. The total inventory of radioactive material in the facility at 
the start of dismantling was estimated to be 10,000 curies of which greater 
than 997t. was contained in the structures listed in Table 1. These structures 
are those which have been removed and disposed of thus far in the dismantling 
program. Contact radiation levels as measured underwater varied from 1 to 
8000 R/hr. 

All internal structures were attached each to the other either 
mechanically by means of machine screws or bolts or they were welded in 
place. Specially designed renrate tools were used to separate those components 
which were mechanically united while a remotely-operated plasma arc cutting 
torch was used to separate components welded together. Separation of all 
components was done underwater. With the exception of the core and shroud 
support plate, components were transferred in-air (Figure 3) from the reactor 
cavity to a fuel element storage well located near the reactor cavity where 
preparation for shipment was completed. Because of high radiation levels, 
the core and shroud support plate was transferred underwater through the fuel 

Figure 2: Elk River Reactor Pressure Vessel internals and 
Outer Thermal Shield 
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transfer canal to the fuel element storage well. The packaging and disposal 
of the reactor internals depended upon the size of the component and its 
external radiation level. Components were segmented, if necessary, and 
loaded underwater (Figure 4) into various types of steel or lead and steel 
shielded cask liners (Figure 5) which in turn were then transferred in-air 
(Figure 6) to one of two shipping containers for transportation to the burial 
facility. The LL-50-100 container (Figure 7) weighs 50,000 pounds and has 
an internal volume of 100 cubic feet. Shielding is provided by 3-1/2 inches 
of lead and 2-1/4 inches of steel. The BC-48-220 container (Figure 8) weighs 
48,000 pounds, has an internal volume of 220 cubic feet and has 7 inches of 
concrete and 2-1/2 inches of steel for shielding. 

Table 1 

Radioactive Inventory and Maximum Contact 
Radiation Levels by Reactor Component 

Component 

Internals 
Upper Shroud 
Lower Shroud 
Core & Shroud Plate 
Core Support Stand 
Inner Thermal Shield 
Shadow Shields 
Feedwater Distribution Ring 

Pressure Vessel 
Outer Thermal Shield 

Total 
*As of April 30, 1971 

Inventory Maximum Contact 
(Curies) Radiation Level - R/hr 

770 
35 

2370 
100 

3090 
2330 
75 

1110 
75 

2800 
175 

8000 
150 

1000 
3000 
60 
115 
1 

9955'' 

».*= mt^fm.^. 

Figure 3: In-Air Transfer of the Reactor Upper Shroud Assembly 
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Figure 4: Segmented Upper Shroud Assembly in Shielded Cask Liner 
Underwater 

Figure 5: Typical Shielded Cask Liners Used for Packaging of 
Reactor Internal Components 
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Figure 6: In-Air Transfer of a Shielded Cask Liner Containing a 
Segment of the Upper Shroud Assembly 

Figure 7: The LL-50-100 Shipping Container 
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Figure 8: The BC-48-220 Shipping Container 

During in-air movements of radioactive components or loaded liners, all 
unnecessary personnel were cleared from the reactor building and those 
engaged in the transfer were located in a shielded area for the control of 
radiation exposure. During underwater operations, personnel exposure rates 
usually varied between 5 and 15 mR/hr while in-air movements caused exposure 
rates of from 100-200 mR/hr to personnel in the shielded area. During 
loading and preparation of the shipping container, personnel exposure rates 
as high as 2 R/hr were experienced for short periods of time. 

Segmentation of the pressure vessel and inner and outer thermal shields 
was done in place. The inner thermal shield was segmented with a remotely-
operated plasma arc cutting torch designed for underwater operation. The 
pressure vessel and the steel portions of the outer thermal shield sandwich 
were segmented remotely in-air, again with a plasma arc torch. Lead was 
melted away from the outer thermal shield with an acetylene torch. All 
of these operations were done within a containment enclosure formed by the 
side walls of the reactor cavity. All penetrations into the cavity were 
sealed and a metal cover containing a filtered air inlet was placed over 
the cavity (Figure 9). The containment enclosure had a separate exhaust 
fan and filtering system (Figure 10) containing a prefilter and a high 
efficiency particulate filter capable of removing most of the airborne 
contamination generated during cutting operations. Samples of airborne 
contamination from within the containment enclosure taken during cutting 
operations indicated concentrations on the order of 10" uCi/cc of gross 
beta activity. On the other hand, samples of reactor building air outside 
the containment structure rarely exceeded 10" uCi/cc indicating the 
effectiveness of the exhaust filtering system. Following segmentation, the 
pressure vessel and outer thermal shield segments were packaged for shipping 
as outlined previously (Figure 11 and 12). 
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Figure 9: Metal Cover over the Containment Enclosure Showing Filtered 
Air Inlet, Viewing Windows and Access Plate 

Figure 10: Containment Enclosure Exhaust System Containing Pre-Filter, 
Absolute Filter and Blower 
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m --^ mm 
Figure 11: In-Air Transfer of a Pressure Vessel Segment 

Figure 12: Pressure Vessel Segments in Cask Liners during Preparation 
for Shipment and Disposal 
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Personnel Exposure 

In spite of the attention given during dismantling to remote or 
underwater operations or the use of temporary radiation shielding, significant 
radiation exposure has been received to date by those engaged in dismantling 
activities. The greatest portion of this exposure has been received during 
almost constant work in low level radiation fields. During the first fourteen 
months of dismantling, a total of 62 rem of whole body penetrating exposure 
has been received by approximately 80 people connected with the dismantling 
project. The average whole body exposure since the start of dismantling has 
been about 0.8 rem while the maximum total exposure received to date by any 
workman has been 4.8 rem. Even though 997o of the radioactive inventory has 
been removed from the site and disposed of, that which remains, primarily 
concentrated in the biological shield, will require additional chronic 
exposure to low radiation levels. It is estimated that perhaps another 
20-30 rem of personnel exposure may be necessary to complete dismantling 
of radioactive structures. 

Internal deposition of ra,dioactive material in personnel is estimated 
periodically with a whole body counter. The radionuclides identified by 
whole body counter examination have been almost exclusively •'--*'Cs and "^Co. 
To date, no internal deposition has exceeded 17o of a maximum permissible 
body burden. 

Liquid and Airborne Waste Management 

The restraints placed upon the dismantling project with respect to the 
release of liquid and airborne wastes to the environment were outlined in 
the project's Environmental Impact Statement. A commitment was made to 
control waste releases below the numerical guidelines proposed in Appendix I 
of Title 10, Part 50 of the Code of Federal Regulations as shown in Table 2. 
The annual average concentration of liquid effluents at the site boundary 
is not to exceed 20 pCi/1 of gross beta activity and 5000 pCi/1 of tritium. 
The annual average airborne emissions are not to exceed the numerical values 
contained in Appendix Bj Table II, Column I of 10 CFR 20 divided by a factor 
of 100,000. For the radionuclides estimated to be present in Elk River 
Reactor structures and given the meteorological conditions of the area and 
site layout, the annual average concentration at the worst location of the 
site boundary is not to exceed 7.5 x 10"-̂  pCt/rxr. The intent of these 
numerical guidelines is to limit public exposure in the vicinity of the 
project to less than 5 mrem per year. Since June, 1972, the average 
concentration at the site boundary of liquid effluents has been 5.5 pCi/1 of 
gross beta activity and 350 pCi/1 of tritiiim while airborne waste 
concentrations has averaged 4% of the applicable limit. Using very 
pessimistic assumptions, it is estimated that the maximum dose received by 
an individual in the vicinity of the site from effluents generated during 
dismantling operations has been 0.4 mrem. 
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Table 2 

Proposed Numerical Guidelines of 
Appendix I, 10 CFR 50 for Release 

of Radioactive Waste Products to the Environment 

Type of Waste Annual Average Concentration 

Liquid 20 pCi/1 
5000 pCi/1 for Tritium 

Airborne Appendix B, Table I I , 10 CFR 20 
100,000 

3 
(For Elk River Dismantling) 0.0075 pCi/m 

Operations to be Completed 

Since the United Power Association's contract with the Atomic Energy 
Commission calls for complete removal and disposal of the reactor building 
including all structures contained therein, there is a considerable amount 
of dismantling yet to be completed. However, all highly radioactive 
structures have been removed from the site. From a radiological standpoint, 
the only structures yet to be removed which contain significant quantities 
of radioactive material are the concrete biological shield and certain 
reactor systems such as the liquid waste disposal system. It is estimated 
that removal of these structures will take approximately six months 
following which demolition of remaining structures by conventional methods 
will begin. 

References; 

(1) AEG Elk River Reactor Dismantling Plan (Rural Cooperative Power 
Association (UFA) and Gulf United Nuclear Fuels Corporation), SS-836, 
August 27, 1971. 

(2) Environmental Statement, Elk River Reactor Dismantling (U. S. Atomic 
Energy Commission), WASH-1516, May, 1972. 
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CnEmfflqECKlE BOnPOCH PAfllAtlHOHHOa BESOnACHOCTi i 
CAHMTAPHO-HOSiMErPl̂ ECKOrO KOHTPOIfl 

nP i PABOTAX C TPAHCrayrOHHEBbM aJIEMEHTAMl 

M.C, EropOBa, B.B. KonaeB, I .H. KopsoB, 
P.M. IlapxoMeHKO, B.A, GapHiei 

iHCTMiyf 0MO$H3HKH MHHICT8pCTBa 3apaB00XpaH8Hlfl CCCP 
MocKBas CoH)3 CoBBTCKix ComajiHCTHqecKHx PecnydiME 

Abstract 

a?he report shows tha t the f ac to r s of r ad i a t i on exposu
re a t operations with transplutoniiam elements are i n quant i 
t a t i v e dependence on the physico-chemical p roper t i es j the 
time of t a rge t i r r a d i a t i o n in the r e a c t o r s and the degree 
of t h e i r pu r i f i c a t i on from the fragment f i s s i o n products . 
The doses of externa l and i n t e r n a l i r r a d i a t i o n have been 
est imated. 

B npouecce paaHOXHiiMecKofl nepapafiofKi odJiy^enHHx MHaieHsi 
npH noay^eHHH THIQIHX wsoTonoB TpaHcnjiyioHHeBHx 3a8M8HfOB (1113) 
pâ tHaĵ MOHHafl oScTanoBKa xapaKTepHsysTCfl KaK BHeuiHHMH nofOEaMi 
HOHHSHpyroiHx H3aytieHM0, TBK M rasoasposoaBHHM sarpflSHeHHsi 
BOSflyiflHOM CpeaH paflHOTOKCĤ HHMH BQIljeCfBBMM. 

OCOdSHHOOTB padOI 0 TIlS COGTOHf B TOM, "ITO npiXOSHfCH 
GTaiKHBafBCfl C OfiHOBpSMeHHHM m&CT'BMQM npaKfH^eCKH BCSX TIHOB 
HOHH3Hpyioî HX H3JiyqeHHft. BCJI6SCTBH8 3Toro fpefiysiCH aH$$8p8mipo-
BaHHHi no;5xos K KOMnasKTauHH sainHTHoro odopyflOBaHiH B saBicHMOCTi 
OT pOflB npOBOaiMHX padOT, H30f0nH0r0 COCTaBa THieSHX 3JI8M8HfOB, 
MX BeCOBHX KOlMtieCTB H CTQnSHH Ô HCTKH OT npOSyKTOB 38JI8HMfl. 
2|aHHH8 noaoTOHHH MOPyT (5HTB MraB3CTpHpoB8HH MaiepiajioM, npeac iaB-
JieHHHM B Ta63l. I H E. 

M3 Ta6ji. I BHaHO, TITO npH padoTax c MajibWH KOJiiqecTBaMH TII9, 
Korsa HcnoiBsyiOTGfl saiisHTHHe 9KpaHH Masoi ToimMHH, BasHoe SHaisHie 
npH06p8Ta8T GieneHB OMHCTKH Tlla OT HsoTonoB ocKOJioTOoro npoHcxos-
aeHHH. 
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M^SURING RADIATION SAFETY MEM USIHG LARGE ISOTOPIO 

SOtlHOlS OF IONIZING HADIATIONS FOR BRINGING ABOUT 

RADIATION PROCESSES. 

Ohistov E.Dsj Larichev A,?,, Terman A,Y,, 

Zaraeyev O.M, 

( USSR) 

ABSTRACT. 

Results of an investigations series for ensuring personnel 

radiation safety when bringing about various radiation processes 

are presented* The investigations include; studying radiation 

penetration regularities in large isotopic plants shielding 

structures such as labyrinths, technological channels etc. with 

design formulaei studying environment contamination mechanisms 

formation using the design formulae which allows to prognosti

cate the forseen wasres amount* Analysis of the accidents occur

red during large isotopic plants operation and proper procedures 

developed to prevent their occurance are given* The All-Union 

standards and methodical rules regulating radiation safety con

ditions in designJ constraction and operation of large radiation 

apparatus on the basis of the authors investigations are consi

dered. The many-years experience sho?/ed that the observance of 

the standards develoiDed by the autors reduces and in a number of 

cases completely excludes the possibility of the persoimel overr 

exposure, the environment and irradiated products contaminatione 
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ENSURING RADIATION SAFETY '//HSN USING LARGE ISOTOPIC 

SOURCES OF IONIZING RADIATIONS FOR BRINGING ABOUT 

RADIATION PROCESSES, 

Ohistov E,D,, Larichev A.V,, Terman A,Y,, 

Zaraeyev O.M. 

( Central Research Institute of Labour Protection of All-Union 

Central Council of Trade Unions, 

Branch of the Karpov Physicochemical Institute, 

Central Institute of Advancement Training of Physicians,USSR) 

Ensui'ing radiation safety when using large isotopic sources 

is a necessary condition for bringing about any radiochemical 

and other investigations and processes (1)» The urgency of stu

dying such matters is caused by the necessity of solving engineer 

and technological problems in developing radiation plants and 

processes excluding any possibility of undersirable consequences 

of the over-exposure of the plants personnel, the neighbouring-

area population and irradiated products consumers (2,3)» The de

velopment of a series of such plants ?/hich are in full accord 

with the present day radiation protection demands became possible 

due to fundemental and experimental investigations including (4)i 

—- protection from external radiation - studying radiation pene

tration regularities in large isotopic plants shielding struc

tures and developing design methods; 

— protection from internal radiation - studying the environment 

contamination mechanisms' formationi 

•— radiation processes safety - studying the conditions of acci

dent-free radiation processes| 

™- formulation of standards and methodical rules - development 

of sanitary rules for radiation plants design, constraction 

and operation* 

The follov/ing hazard factors arising from the use of large 

ionization sources in radiation technology were considered? 

a) radiation hazards defined by the physical nature, activity and 

type of I'adioactive substances and the character of their techno

logical use; quantitatively these hazard factors are defined by 

the doses of the personnel external exposure and internal expo

sure stipulated by the radioeictive substances entering the orga

nism of vs/orlcers; 

b) non-radiation hazards characterized by the quiintity and type 
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of toxic substances intaken from irradiated objects or formed by 

irradiation processes, or as a result of a fire or explosion or 

by aggressive media formation. Sudden or gradual destruction of 

hermetic shells in the sources, shieldings and apparatus may be 

observed afterv/ards (5)# 

Transportable and movable units may have biological shield 

in the form of a cylinder or a sphere. The information about the 

larger efficiency of such type shielding in comparison with flat 

shielding having the same thiclmess could be found only in single 

publications (6-9). However the physical nature of this phenome

non was not analyzed. The authors have sho?m. that for a point on 

the shielding surface the share of the scattered radiation from 

the flat-type shielding is larger than from the spherical shiel

ding of the sam.e thiclmess. Energy distribution studies of scat

tered gamma-radiation intensity showed the maximum the energy of 

which v/as approximately equal to the energy of gaimaa-quanta single 

scattered at an angle 0, Calculation and experimental results 

allowed to determine that the dependence of the angle distribu

tion of the intensity ( IQ ) of gamma-quanta scattered in a sphe

rical or flat shielding from the angle 9 is of exponential cha

racter and can be given in the considered angles range ( with an 

error - 10%) as followss 

X 
\7herei A^, | A •• - are the proportionality coefficients for 

flat and spherical shieldings respectivelyi 

®fl/snh "" ^^^ constonts of the angle distribution of 
the intensity of gamma-quanta scattered in flat and spherical 
shieldings respectively. 

Moreover the decrease of the shielding material atomic num

ber and gamma-quanta energy leads to the increase of the diffe

rence 0 ̂  *^ * in the energy Bff and dose A « 

build-up factors I 4,^ Q"^^^^^ 

Shielding geom.etry effect becomes more essential for gamma-

quanta energy less than 1 lev and the shielding made from the 

low atomic number Biaterials ( 10,11), The physical characteris

tics studies of mutiply scattered gojunia-quanta in the lead and 

steel shielding in the standard many-elbowed channel of the se

rial agricultlral units showed taat the curve from of gamma-ra™ 
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diation intensity reduction (J) along the axis of the channel is 

slightly dependent on the initial energy of radiation and can be 

given as the following dependences 

Icej ' IW-ct-" '̂ J 
where? 0 and K are the empirical coefficients equal to 58,0 

and 2,6| 22,0 and 3fO for steel and lead respectively. It is ne

cessary to note that K is slightly dependent on the shielding 

materialI % - is the geometrical parameter of the many-elbowed 

channel# 
So 

As the investigation results of spectral composition of Co 
157 and -'̂'Os gamma-radiation passed through the many-elbowed channel 

show there is the maximum in the energy range of 150 kef, When 

the channel is filled by water-equivalent material the spectra 

maxiniuiE is changed to the energy range of 100-120 ke¥, whereas 

the portion of multiply scattered gamma-quanta increases, radia-
50 157 tion intensity for Co and -̂ '̂ Os decreases on 20-30% accordingly. 

The obtained data on scattered ganmia-radiation spectral composi

tion allo?/ed to recommend technological channels shemes and choose 

detectors with corresponding characteristics for biological dosi

metry. 

The studies of the field of the exposure dose rates in a la

byrinth and its spectral distribution gave a formula (4) that is 

of great importance not only for constructiiig labyrinths but also 

for the evaluation of exposure doses during the anticipated acci

dents (12,13)i 

^9 

wheres A - the irradiator gamma-equivalent,mg-equiv«Ra| 

© - the normal/R. angle| 

R. - the distance (cm) from the centre of the irradiator 

to the centre of the area S. (cm )| 

R. ^ - the distance from the area S, where i - reflection 

occurs to the corresponding calculated point (or to the next area 

M - the linear coefficient of gaimna radiation decrease, 
«1 

cm |r 
X - the concrete shielding thickness, cm; 
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R - the irradiaior - to calculated point distance, cm| 

Oy.(©,E) - the albedo of the dose from concrete (from 

i~area)| 

B(ttWS,i) - the dose build-up factor. 

The formula (4) is just under the following assumptions| the 

irradiator is of point type, linear dimensions of the areas are 

comparatively small to the distance R̂ *̂ 

Realizing the future prospects of using beta-radiation sour

ces in the largo radiation plants constraction the authors have 

experimentally studied beta- and gamma-radiation penetration 

through the shielding non-gomogeneities peculiar to any plant. As 

a result they got empirical dependence v/hich allowed to evaluate 

mixed radiation dose from technological slits and openings. The 

dependence received takes into account the slit depth (t), its 

height (t ), and tlie outer edge of the slit-to~detectJng point 

distance (x). The formula connecting the dose rate ( Pfe*/* , 

mrad, sec~ ) of beta-gaimna-radiation at the outlet of the techno

logical slit ¥/ith its geometry, ^ Sv + -^^ irradiator activity 

( Q, curie) and the effective atomic number (z) of the material 

from which the inner lining of the irradiation c'xamber is made, 

is the follo\"/ing$ 

It can be assumed v/ith sufficient accuracy for practical aims 

that K (^) * = 3j4,10 ( k - the proportionality coefficient) 

under the following conditions! the irradiator is flat and paral

lel to the techiological olit| the irradiator and. the shielding 

are made of aluminium, stainless stell, lead. In cases correspon

ding to the given assumptions made on the basis of analizing the 

technological shemes of beta-irradiators use, the calculated by 

the formula (5) radiation dose ru.te exceeds the measured one on 

15 •!• 20% (14). 

Studies of the ways of radiactive contaminants formation 

during the operation of the so-called "closed" radiation sources 

Vifere made. It was caused by the facts of the unsealment of the 

radiation sources used in large gamma-installations that was con

firmed by a number of other papers, 

Accord-ing to the technological sheme of reciprocal movements 

of an irradiator emd irradiated pject large isotopic radiation 
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installations may have fixed and mobile irradiabors. By the type 

of shielding we can classify them as the installations with dry^ 
liquid (water) and mixed shielding, tliat allowed detailing the 

mechanisms of radioactive contaminants fonaation during the opera

tion of different installations. 

The radioactive contaminants at the gamma-installations with 

dry shielding can appear as a result of the source unsealment 

(plants with the fixed irradiator) or residual radioactive conta

minant dispersion from the sources shell (plants with mobile and 

immobile irradiator). In this case the dispersion coefficient of 

surface contamination ( ̂ , m ) can be used as a qualitative cha
racteristic of aerosol formation intensity. As a result of model 

and production research we have dot an e:cpre3sion for defining 

total activity of v/astes Q (curie) formed at the installations 

7/ith dry shielding for the time % (15jl6)i 

where I 0 - the average surfacB contamination of one sealed source, 

curie/m | 

n - the total number of sources in the installationjDieces; 

n ~ the number of ujisealed sources, pieces| 

V -• the voluraetrical rate of the cooling aii*! m-̂ ĥ ; 
2 

S - the surface area of the source, m | 

CJ -- the radioactive contamination of separate areas of 

the upper and lower surface parts (1=1,2) and side surface of 

the sources (i=5), curie,m | 

S.. - the area of the upper and lower parts (i=:1,2) and 
2 side surface of the sources (i=3)j DI | 

ft - the initiiil activity of one source, curie| 
-1 T^/p - the half-life period of an isotope, h | 

-1 

t — the time, which has passed from the moment of the 
source initial activity definition, h| 

2 

S - the defect area m the source shell, m. « 

By means of ê rperiments the dispersion coefficient 8=0/0 

was found, where 0„ •» the quantity of tJie radioactive material, 

bloim from the source, curie,m -"̂i C - the radioactive contamina

tion of the radiation source surface shell,curie«m , The authors 
4. —6 

have shovm that this coefficient value is equal to 1,5 - 0,9«'1.0 , 
-.1 
m t Moreover it was found that practically t̂ iis coefficient de
pends neither on the surJTace contamination of the sources nor on 
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bhe air flux speed above the surface, 

Jor the garffiiia-installations y/ith ';/ater shielding the tron.s-

ferred to water activity value (4 (curie), can be defined from 

the relation Q=b,K,s,t, vfhere b - the specific activity of the 

radioa.ctive m-afcerial, curie/g| K - the coefficient characterizing 

the solution of radioactive contaminants in the liqui d from the 
2 

surface ujxit for the time unit, g/cm ,day (paper reviev; shows 
that for large gamro-a-installations this coefficient is accepted 

—6 2' to be 5,10 g/cm. ,day)| a - the defect value in the source 
2 

shell, m } t - the time of the source contact with the imter 
medium, day, 

'.7hile prognosticating the quantity of the radioactive mate

rial released into the environment it is possible to define before

hand the value of the defects. For preliminary calculations the 
2 

value of a defect can be accepted in the range of 0,5 * 1*0 mm ̂  

that approximately corresponds to the pin~hole area of the sour

ces under besting and is similar to real conditions connected, v/ith 

the moment of detecting the considerable leakage of ra:Hoactive 

material intq environment caused by the local corrosion of the 

source shell. 

Our investigation results caused stopping the serial produc

tion of Co, -̂ 'Gs I'adioactive isotopes and beta-sources in alu

minium shells and initiated their p3?oduction in stainless stell. 

The use of highly active sources in her.iietic stainless stell 

shoels excluded environmental radioactive contarrpnation. 

As many-years experience of using la3?ge radioisotopic instal

lations showed our recomjaendations concerning orjanizati onal-tech

nical proced-ures and shielding constructed in accordance with our 

calculations provide bringing do?m irr add at ion levels to tlie safe 

values under the normal mode of radiation plants operation. Howe

ver, the accidents caused by various reasons can occur during the 

plants operation. By the analĵ sis it v/as stated that accid.ent rea

sons can be the following 1 the radiation sources unsealment, the 

shut down of the devices for the sources raovemenb, design and con

struction dra-wbacks of the shielding and braking the safe opera

ting procediUrcs, Very often combination of the bv/o or more above-

jieationeS. reasons can be the cause of an accident (17)e 

Taking into account that the shut dovm of the blocking and 

signalization ŝ /stems v/ould cause radiation accidents with serious 

consequencies, the system of blocking the entrance d-oor "according 
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to bhe dose" was developed. This system uses automatic coimauta-

tion of the d.osimetry instruments sensors (18) and is designed 

for large isotopic installations. The proposed blocking system 

excludes the possibility of the personnel entering the irradia

tion chamber v̂hen the souj?ces are under \';orking conditions. 

But still the existence of the smallest probability of the 

blocking and signalization system shut down made us bo develop 

the dose evaluation express-method for the cjse of <in accident 

exposure of bhe large radioisotopic installations i^orsonnel that 

is necessary for the tiixely and proper medical protection actions 

(19), Probability evcluabion of bhe average and limit accident 

occuron.ce during the operabion of one or a group of large radia-

b-i on iasbollabi ons having b'-xe same construebi onal peculiarities 

showe'^ that the most reliable arc the iastallati ons with dxy shiel-

diixg and fixed- irrô dj a.tox" and the installations x'/ith mechanical 

devices for irx'ad' abor movements! whereas bhe less reliable ax'e 

the installations with pneuaatic d.evice3 for the sources movoiaents. 

One of the possible causes of non-radiation accidents at the 

large isotopic installations is the personnel poisoning by the 

cadiolysis products (ozone and nitrogen oxides) or by toxic sub-

3ton.ce3 either Crom irradiated objects or formed, as a result OL 

irradiation process. Production and nodel research conducted 

allo\/ed to dive recoi,xmerxdations concerning the arrangement, size 

and construction of inClo/\r and outflow vent holes, and rational 

ventilo-tion modes of operation in tlxe workiag area of large sta

tionary gaa la-installat loas, baat exclu.de ttxe possibility of 

such type accidontj occurancc (20), 

Oar iavestigabions results for casjring 'adiation safeby 

;/aea using lai-gc radiction son_rces ./ere used by the USSil Mini

stry of Health which exercises sbabe sanibery moniboring in our 

country, 

Tae sanibary monitoring sysbem adopted in bhe USSH supposes 

the develop pent of the iill-Union normative documenbs rcgulabing 

bhe radiabion saf-^ty conditions when carrying out design, cons-

trucx;ion and operabion of radiax;ion-hazardous objects including 

lai-'ge rcxdiatTon insballations. Such regulatory docu^xonts develo

ped for the first time in the \7orld practice ares "Sani bory rules 

of the consbcocbion anri o^.eracion of large isotopic gamxa-xnsbal-

labions", "Sanitary rules of Ghe construction and- operation of the 

reactor primai->y circuits", "Sanitary rules of the constraction 
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and operation or large isotopic gamma-installations ?/ith fixed 

irradiator", "Sanitary rules of the constraction and operation 

of large beta-installations", "Metodical instructions on carry

ing out radiation monitoring X7hen loading, adding to load and 

replacing the ionizing sources of large isotopic installations". 

All these documents developed with our help are approved by the 

USSR Ministry of Health and thus became a sanitary law for all 

the institutions and enterprises connected witlĵ  the development 

and operation of large radiation installations. 

Such unificati on of demands to the large radiation instal

lations allows not only to use optimal solutions received by 

research and development but to provide the united system of 

sanitary radiation monitoring of radiation vrorkers, employed 

at these installations. The collected dosimetry data including 

those received by the use of the various methods of personal 

monitoring and counters for determing whole-body exposure alio?/ 

to evaluate annual exposure doses to be in the range up to 0^5 

rem/year which envisages the high reliability of the developed 

radiation projection system an.d shielding of the large isotopic 

installations, 
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JianaioiipMii BHCOBOi npoHimaeMocTLK), Gjie^yeT OTMeTETB, HTO iymawi 

pacnpe;5e^eHHfl aji£ )̂a-aKTHBffiix HSJiyqaTejieH no rjydHHe sarpHSHeHHoro 

odi,eKTa momeT 6ETI> HSMepeaa no cneKTjy ajiB^a-HSjay^eHna y nosepx-

HOCTH5 npHHeM HccjieflyeMaa sarpHSHeHHaa noBepxHOCTB He noflBepraeT-

ca KaKoi-JHdo cnemajiBHOi odpadoTKe H B npoiiecce EswepeHHa ne pa s -

pymaeTCH-^' , 

B jtaHHoi padoTe ncnojiBsoBaHH cjieflyioEiHe onpeflejieHHa, Ilojt noBepx-

HOCTBD noHHMaeTca ^acTB MaTepaajia, socTynHaH HenocpescTBeHHOMy 

BosfletCTBHio MOffimiax cpeflOTB HJia KOHTaKTy 0 B03flyxoM noMemeHHH, 

C îHTaeTCflj ^To TOKCĤ Hoe BemecTBO, cocpeflOTO^eHHoe Ha noBepx-

HOOTH Mjm nepemeflfflee c Hee B Bos^yx noMeieHHS, HaxoflHTca B onac-

HOM COGTOilHHH HJIH OnaCHOt $336. TOKCH'qHOe BeUJieCTBOs HeflocTynHoe 

HenocpejiCTBeHHOMy KOHTaKTy c BHeiiHei cpe^ofi, MH dyaeM HasHsaTB 

KBa3H$]0KCiipoBaHHHM sarpHSHeHHeM, 

MM. oneHKE cTeneHH onacHocTH TpedyeTca no saaaHHOMy pacnpej^e-

jieHHK) KBaaî HKCHpoBaHHoro BemecTBa onpeflejiHTB BepoaTHocTB peiwiM-

Ba B Te^eHHe speMeHH t » B CBHSH C npHKJiaĵ HHM xapaKTepoM saaa i i B 

flaHHot padoTe icnojiBsoBaH npHdjmseHHHt nojiyBMnHpi^ecKHi cnocod 

onHcaHHH npoiieccaj nosBOJiHDmHi na KOHê HOM 9Tane isdesaTB rpo-

M03flKHX BH^HCJieHlfi, 

OdosHâ HM pacnpefleJieHHe KsasHil'HKCHpoBaHHoro sarpHSHeHia B Ha~ 

HajiBHbifi MOMSHT BpeMeHE ^epe3 o^ix) ^ mex- npocTpaHCTBeHHaa Koop-

BHHaTa, HanpaBJieEiHaa BVJiyCh sarpasHeHHoro od'BeKTa* HycTL npoiieccH 

MacconepeHoca i odMCHa BemecTBOM Mei;î y onacHHM H KBasH îKCHpoBafl-

HHM COCTOaHHeM aBJWIOTCa JIHHeMHHMH* B STOM CJiy^ae SaBHCHMOCTB $yH-

KupaH pacnpeflejieHia adcopdipoBaHHoro semecTBa OT speMeHi MoaceT 

dHTB npeacTaBJieHa KaK pesyjiBTaT fleicTBifl onepaTopa TpiHa Ha nep-

BOHaHajEBHyro ^yaKiim pacnpej^eJieHma* 

HpaKTHHecKH B pesyjiBTaTe HSMepeHHS ^..yHKma^o (^) noj^y^aeTCs B 

$opMe Hadopa ĵ iCKpeTHHx ^iceJi, onpejieJismmM. Ko.nH êcTBO aKTHBHoro 
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CTH ydHBaeT B 9 ,1 pasa, H npn STOM yjtajiaeTca ToaiBKO 30/^ sarpasHe-

Hua. 

npHMBHeHiie tJopMajiHSMa onepaTopoB rp iaa ^acTO od^er'qaeT BH^HC-

jieHie npidjnaeHHHx MaTpim[&], a TaKse ynpouiaeT CHHTes flaHKHx^ ec -

jm HSBecTHH oTfleJiBHHe cocTaBJiflKime npor!,ecca. HanpiMepj npm Hsyqe™ 

HHH apo3HM MaTepaajia B pesyjiBTaie ero HCTEpaHHS Tpy^HO npoBecTH 

BKcnepHMeHT, ŷ MTHBaioimH OflHOBpeMeHHO flH$4)y3HK B odBBMe MaTepaajia 

H paspymeHHe ero noBepxHOCTH, HosTOMy cooTBeTCTByroipLe ;i;aHHHe yaod-

flee noJiy^HTB B HesaBHCHMHx onHTax, PesyjiBTipyjoiaaa MaTpaixa Tpma 

MOKex dHTB Hatn;eHa MBTOBOM TeopHH BOSMyuieHaa KaK onepaTop rpana 

fljia ypasHeHHa p ^ y [p ] _ y Jf i . , 

rfle: H - onepaTop, yqHTHBaioinHi nportecc MacconepeHoca BHyTps Ma-
Tepia^a, KaK yKasHsajiocBj ero $yHKmaa TpiHa npe^nojia" 
raeTca HSBecTHoi; 

y - CKopocTB paspymeHHa noBepxHOCTH. 

IIojy^eHHe KOHKPBTHHX ajiredpaE^ecKHx BHpaseHHt BHxoflHT sa paM-

Ki flaHHoro flOKJiana. 

B pesyjiBTaTe anajrasa npa noMoma Tadjnm [Ree(t)] MOKHO KOJiH^ec-

TBeHHO onpeflejiHTB cTeneHB lnKcaiiHH paHHoaKTEBHoro sarpasHeHia no-

BepxHocTHj T.e , H3MepHTBj KaKaa •qacTB TOKCHHHoro BeiecTBa npeac-

TaB,JiaeT peajiBHyio onacHOCTB. 
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088 

-ahAu-eH-(Bew S^'O-^a '^^) exap ojOHxoaw M ojoHoaoHajXHad 'ojoHHOd 
-XMBH 'ewWBJ a.OHHHhOXOH RXOOBHhMOXOA HBHHOHEOddOH H HBHOahHWdaX 
'BBHoahHHBxay • HHH8hAireH~( aew sz*o^3 '^^) sxag OJOHJHW H -e^qifB 

HHHHhOXOM H O XDiB jds atfOU HHHBXRUOH aWUIBdjOdU MOHI/OU aai/OpMBH 
• I, ahHupex a XRHHBEBHA 'BodxawBdsu qirodxHOH HITH aHHadawEH HoxHtfoa 

».eHOdu aOHHHhOXOH BOtlEBdgO XRHXRUO XbHHBXHUOM XHHdOXB dopBU Hdy 
•BHHayaoxoj 

-EH aOHMHdSO BH MHHamadEBd AhBtfRB "HHhBXHSUlAHOb' HOHOBhHHXaX AEHX 
-daUOHB 'WBhEBdpO WHHXRUO XM aHBXQXaaXOCO BH HHXdBU HGHhOaOHBXOA 
aodopHdu H aOHHHhOXOH <=tl/OdXHOH 'HHXdBU HOHhOaOHBXOA D!HhBXeAl/UOH6 

H aHHai/aoxojEH BH HHHamadEBd AhBtfRa 'aoheedpo XRHXHUC BHHBX 

-RUOH aRHHaaxotfOBEHodu BH HHHaniadEBd AhBti'HB 'aoViEBdgo XRHXRUO HHH 
-BXRUOM BRHdOXBdopBl/ SRUBXE 3 HhlOiAfaUO XaBhCHUHB HHHHXaX HOHHOMtlBMb' 
-ed HHtrstfEH XHjAdtf H aodopHdu XRHUOXoEMOHtf'Bd aouHX XHaoH uuodxHOH 

OJOHdBXHHBO O JOHOah HXHBl/H4)0dU BWaXOHO cJDDO 3 UOHBmaHaOHBXO/; 
'HXOOHOBUOESp HOHHOHIIB HtfEd WHHHBaOpadX WRHH8W 

-adeoo BHaxoxasxooo XH 'aoHHHhoxoH M aodopHdu BaxoshBH Rt/odxHCM 
HHHOBhHXHBl/H$OdU BH S XOOH HB B XO Xa 8 XO DiAHHafflRaOU XOlBJEt/EOB HHhBX 

-eAlfUOHe XH HHBCITOA HOEBUBHy HHHOdHni 'WBXHaapO ou BCdOpHdU SXOCH 
»H8hOXOtf3dOOBd H aHEEdgCOHEBd BCriTll/Og 'HWBdOpHdU 0 XHhlOHAdHXHBX 

-HOH 'hHir XHajHHXHCH HCmsi/Og 't/'X H HXOOHOBUQEeg MDHOBWCU 'BSBh 
-Atro XRHXOBhoaH BHHat'waduAtJ'adu 'BOti'bdBE XMHoahHXBXooaxHaire HHUBH 
-HWHi/e 'aoooatiodu XHHOShHjouoHxax HHheHM^HOHBXHH H HHheeHxewoxae 

'BLfodXHOH XBi/ah a xegBxrnoew BOXH^nwydHrnoBd aoa oa BOXOAEMI/OUOH 
HMHShAt/EH XMhlCHAaHEHHOH HWBHHHhOXOH HWHH UOXQE MP HtfEO Q RdcgHd|j 

"uotcj.tJxp'BJ: JO s9Sop 3X1% H^I-fi- uosxa-Bcltaoo 
axaqq. puB q-ueunaq-sux luoaj ^uox^BxpBa jo seOvCnos sqq. o% •gs%vo 

-xpux BO.'B spuBTiiep ax[jj • sq.ueBmac).sux oxdoq.osxoxpBj: lluxsn iv^xanoss 
uoxct-Bxp-ea S/uxpxAoad peuaaouoo sx x'^-i^wo^ Aj'sq.xuBS q.uej:ano puB 
uoxcj-USAsad SB ^BJ. SB usAxi* sx seansBBU j.o uoxq.clxj:osep sqjj 

•HHirgAuOSd XHHOahHXOMl/BHhOQ XHHOXaaOQ ECHOQ 

eaHooy 
dC]33 HWV HHHBBaircpBEijjodu H el-'Adx HHanjHj XAXHXOHH 

' aahMBOHoy'14'u ' HHHodby "y'lj 
'BBHhnaoHi/oti'Q'g 'Bsodtfog'\/»'|7 'HHHHmday'g'n 

'yMH3hAI/£H HWVHMHhOi3H HUHHUOiOEHUHti'Vci 3 yOdUy^'.dU 
HhMVaoeqi/aUSH HdU Hi30H3VUDe3y tiUHHOHhVkib^Vd 3HH3h3Li339U 



ie8 

-OHO OU HXOOHOBUOEgg HOHHOHhBHb'Bd wBHHBBOpadx XH aHBXoxsaxooo BH 
HHHHhOXOM •=IXBBHH8hO OH H8 B XOB h H LTOH XaHl/OBEOU 8 MH BLf atfB dUO OXg 

'„BHHHhOXOH B HH BB OES l/OUO H UUV XRH H 8 dXOWO At/sdU 'XBHBOtroA 8 HBH 
-aodA XRWHXoAuob' aniRBO aHHuaooBd oja H woi/BHdsxBW wRHanxHEOHtTBd o 
Bi/BHOodau XHBXHOM DiAtTiaBiTiBdBxotfadu *(8HXRdHou BOHXHi-nBE HUH AifAuwe) 

AHhOUOpO B HBhCHl/HBE l/BHdSXBW MRHB HXH BO HtfBd WOdOXOH B 'HMHhOXOH 

• • • BHHahAl/EH HHHhOXOH MRHUOXOE HOHtfBd MRXBdHBgy 'rBHMHhOXOH OJOX 
-RdHBE SHHauatfaduo aslncHAb'airo oxBHHdu d333 B Bwada aahiBOXOBH g 

'gOSI HHtiBtfHaiAioHad a aoxHHHdu 'BHHHHOXOH ojoxRdHBE BHHai/stfsduo 
Owai/WSHdUBH H HBH 8W HBX 'iBXHaodU B BRUBB JBl/tfadu * H XOOH h HXSUlda J 

Bl/OdXHOH RtfOXaw RWHHBWMdUBH WBHHHhOXOH UIHHBX H * HXO OH HSH E B d JBE 
HOHHBaOdHOMM4)OgBirO BHHHhOXOM HXOOHXdaSOU BH SHHai/BBOU H MWBOLfO 
HWHlTlBWaif-BWHH O BXBdBUBdU BOLfO O JOHXO OH Xd8 B OU MEHBO aHHBl/pBUOO 

XHi/OXOHOdD WBOOShodU WHHOahHWHX».OHHOHtieHb*Bd H UIHH08hHEH(t)-.0HH0Mh 
-BMtfBd BdBtfojBi/g "gWO/jHW XHH'm/OHoaH xaernRsadu an enHtnuox XH 'H 

«x "aMHahBHE aoHRi/axejowouoa xraawH BHXRdnou anhicHAdHEHxawdaj 'uox 
~OEH HRHaMXHBOHtl'Bd HahOl/HBE WOdOXOH B * ( " tf' X H HHHaOI/O ' BOUUBXSUi 

RUOHHO "BhHdXBW-LTLfBXaW *=lt/BWe 'BHHWBClaH) Bl/BHdSXBW HWBaXOHOBO 
W0H80H00 a BOXaBBHhSUOagO SXOOSHhHOXoA BBHHOHEOddOH H UBHOahHwdSX 

*BBHOahMHBXaW BHHShAl/EM-BXag OJOHJUW M -B^'H/B BOHHHhOXOH /; 
"I/AUWB HXOOHhHXSWdaj BHHBHBdXOO BO 

-XBBWHHHdu HHHBhAl/EH XMhlCMBH HHOdU BOHHHhOXOH MXOOBHhHOXOA MHdSXMdH 
Bg " BOXHtfOBEHOdU BH WBt/OHOdU H SXOOBHhHOXoA BH HHHBXRUOl/1 'I 8X 

-HSOdU a XHWaBJBl/tj'BdU "wdOH XRHSUaXBXRUOH XO BOXOfBhHUXO BH HHOBh 
-HXHBdU RWdOH 3RHS LfB XBXRUO H WOXB Hdu BRWaBWHHHdU OX 'adAXBdBUWBX 
H HHhBdgHB 'WBdetfA H qXOOSHhMOXOA BH HHHBXRUOH BOXSBOBH OXh 

- - _ _ =lXOOaHhHOX0A BBHHOHEOddOH '6 

- - - » RxooBHhHoxoAowdax '9 

~ - - » QiMHBdHXOM H "=1X00 B Hh HOXO/; '£ 

+ + + + HHtiBdgHa 
H wedBtfA H RXOOBHhMOXO/^ 'g 

- - ~ „ BUOXOEH OJOHaHXHB 

-OHt/Bd BMHai/StfRB sxoodoH3 'g 

+ + + + HXOOHXdaaOU qXOOHH8HEBdjB£ 'fr 

+ + + + SXOOHhHXBWdSJ '£ 

+ + _ _ MMHSh 
-ALfBH XHhiaAaxoxAuoo tfoxRg '3 

+ + + + BHH8hAlfEH ojahopBd tfoxRg 'I 

W^ Wg 
dXSWBdBU ifjifj 

SBHHShAt/EH HHHHhOXOH MRWS Ad Hl/OdXHQH 

•BOHHHhOXOH 

XBHHBXHUOM Hdu sRwaAdHi/odxHOH 'RdxawBdEL] 

• I BhHu-gBj_ 

•SWWBdjOdU HOHl/OU ou BOXBtfOBEHOdU BHHBXRUOH 'BWHai/BB aRHXOOl/ 
-eXoA SXBBERB RHpOOCUO BRdOXQH 'WBHEAdjBH WHHOBhHHBXaW UIHHBX HUH 
tfadO XRHHOHEOddOH CHHaXOMSt/'EOB BO'=IXBjd8BtfOU xAjOW HHHHhOXOM HHh 

^BXBAUUOHE Hdu HUOS 'OHBHtfO •RHXOaBEH OmodOX OHhOXEXOOb" BRdOXOH 
*aoi/BMdaxBw XHxe HWBBXOHOBO BoxtuBuatfaduo "BHHHUICHUB SOBBUUO HUH 

HUBXO MBtnCHaBBHldaH EH HlfAUUIB BRHHOBtf HUH aRHdBHMti'O XMVntHauiM 'BMH 
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-OXAuU EH HWBHHHhOXOH O BOtfHdBE XHHOahHXBXOOdXHSUE RdOXBEMUBdXMaH 
*BuodxHOH ojOHoshHJOuoHxsx BodopHdu oaxoHHfTiRuog XHti'oxa AuuAdj 

Axe g 'HHdojaxBH HOHHBEBHA BUtf REotf uatfadu BE XHtfoxRs BH UHHSH 
-Aupo BEOtf HWRdoxoH o axogsd ndu 'Rdopndu - suuAdj yodoxa OH 

•(HHHiBaHO xBaodAp BHHBB 
-OtfaUOOH BUtf RdOpHdU *RXBdBUUB aHHOahHXaauBdaX BWUIBJ 'RUOHOOXHSti] 

-atf-BwwBj) ^BHHBuaoBH EH BhHU BHHquab''xo„ MHdojsxBH Butf REotf uatfadu 
xMhioiBmRaadu *XBEotf a oiHHShAupo H HXOssHdu xawow HWRdoxoH o BX 

-OpBd BBH<=lUBUldOH 'HdopHdU HOXBOOHXQ BUUAdj HO-j, H JRUUAdj 2 BH RH 
-auatfEBd Rdogndu BHHahAuEH uiHHaodA wRWHXoAuotf OHSUBWHOHBW O|J 

'HWBdopHdu HuiHHHauaoHBXoA o aHHEBOtfAdogo HanhBXBAuuoHe ojox 
-BHBE 'BUBHOodau BMHahAugo Eotf aHHadswEH - nxoowMtfoxgoaH Hdu H sd 
-opHdu XO HHHBhAueH HSHBodA aHHauatfaduo HoxHfoaEHOdu eodogHdu aoh 
-EBdpO XRHXRUO XBHHBXRUOH XRHHSaXOtfOHEHOdU H XRHdOXSdogBU Hdy 

"(SoOt' Mdu qxooHWBUB BBH^uaxHooNxo %g6) XBdAxedauwsx 
XRHHSmRBOU MdU adS^JOOWXB HOHWBUB OB HXOOBHhHOXoA XH HHHaHOHRa UUtj' 
WOHaOHOO a HOXBlfOaOdU aOHHHhOXOH XMHBX HHHBXRUOH BHHHOHEOddOH 

•BouHHh nnsi, 
Ob" aaxoshHUOH a waHHawHati' wRHiuaxBhisda HUH WRH=)UBXBUAXOCU 

^UIO/JH C'Q Otj' WaHHaUBBt/ tfOU HOJBuAg HOHRUBBOdX^IUMCl) MOXAO DiHH 
-BdHXOH H SXOOBHhHOXOA BH WBMHBXRUOM B QXtHB J da BtfOU HHO WHXG 0 HE 

-BaO g ' HHHBHEHdjBE H HURU XO HHXOMhO MOHOah HtfO HdSU XtnApadx HMhSX 
-BAUUOHE sooahodu a HnnahAuEM-Bxag OJOHJBW M ~B(JJRUB MHHHhoxoi/i 

•HOe XRWaAdHUOdXHOHSH BUtf XHW 
-nxoAuotf xBUBti'adu B BOXCHBXOO Rt/sdo yoHHaaxotfosEHodu BMHSHEBdjee 

HHBOdA BOHHHhOXOH EH 8QUOXOEH HHhBOH HCt) Btl'' XHXOOdOHO XHHBX Hd[J 

•BOtfBdSE XHHOBh 
-HXBXOOdXHBUe aodOXBEHUBdX 

-M8H UUtf 8HBXHX BH HHXHdx Ej/j 'fr 
•MauaxBtnaaEHouiRlf Hub" 

HdAEBUj aaoHOO BH ^dRcy ^H *£ 

•Bodox 
-BEHUBHB XRHHOMhBaHXHB~BCt)'=IUB 

BUtf HUBwe aaoHOO BH ^dgcy ^H "Z 
'BOb'BdBE XHHOah 

HXBXOOdXHBUe aOdOXBEHUBdXMaH 
uuV Huewe SBOHOO BH HACT-P EM * L 

hHOSUl 7WO/HdO)HHUI 
MHhBOHH(J!ab' qXOOdoHO BHHHhOXOH UHl 5f|ffj 

BBWHXoAuoti'-OHquayady 

'BOUOXOEH 
HHhBOHMcljatr' HXOodOHO aRWHXoAuotf-OH'HUBb'adu 

'Z BhMUpBX 
'(2 BhMUpBX) HHh80HH(j) 

Ŝtf HXOOdOHO BRWHXoAuOb'-OHHUafcf'adU RXHBOHBXOA MUMUOaeOU aOHHHhOXOM 
XMXe EH aOUOXOEH HHhBOHHlJatr' BOOOahOdU HMHEBOtfaUOOM BRHdOXBdOpBU 
H BHHShAUEH-BXSp OJOHJBW H -B^SUB HWBHHHhOXOH O RdogHdU XMhlOtAs 

-SUOUOH 'XBaXOtfCBEHOdU BH HHBOHBXOgO MOHHOHhB Hb'sd BMHEBOtfaUOOH 
•XBHEAdjBH XRHHMdBae Mdu BHHHhOXOM EH BOSXHUStf 

-Ra xawow SOdOXOH 'BUOXOEM OJOHBHXMBOMtfBd OaXOahHUOH 8WHBX BOXBHU 
-BH BOHHHhOXOH XHHBX HOHHXOMdaXHBdBX HOHWBg 'XBHaOUOA XRWHXOAu 

-Of a HHheXBAuUOHB OJS Hdu BUOXOEM OJOHSMXHBOHtf'Bd BMHSUBfRB MXOOd 

£„0L • E 
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HEALTH PHYSICS .AND OPERATIONAL EXPERIENCES IN A TREATPIENT AND PACKAGING 

FACILITY FOR SOLID AND SEMI-SOLID WASTES AT E.I.R. 

3,Schwammberger, H.Brunner 

Health Physics Division 
E I R, Eidg. Institut fur Reaktorforschung 

CH~5303 liiurenlingens Switzerland 

1. Summary and conclusions 

Solid or semi-solid wastes have either to be stored for long periods or to 
be disposed by dumping into the ocean or enclosure into suitable geological for
mations. Each case requires an appropriate treatment and packaging of the wastes. 
Despite the relatively low specific activities there exist considerable radiation 
hazards for the operating personnel due to incorporation risks. At EIR Uurenlin-
gen a waste treatment facility was built that reduces such hazards to acceptable 
levels. The main installation is a large combination of steel boxes, well venti
lated and held at reduced pressure. Operations that can be carried out include 
sorting of wastes,compression of loose wastes or drums, dismantling or reduction 
to small pieces, solidification of sludges with cement, casting of concrete mant
les and covers etc. All direct contacts between personnel and radioactive materi
al are avoided.Either the men work from outside the box with gloves or remotely 
operated hydraulic tools or machines, or they work inside the box with respirato
ry protection or in ventilated plastic suits,An incinerator plant under construc
tion will bring further volume reduction of burnable waste, even for a-activities. 
Our experiences are reported and show that radioactive wastes of low or medium 
specific activity can be treated and packed according to any requirements with
out hazards for the operating personnel, the surrounding population or the envi
ronments of the treatment facility or the storage sites. 

2, Purposes of the laboratory and choice of thê  concept 

Host wastes are produced and collected in forms that do not allow storage for 
more than a few years. For storage over extended periods of years or final dispo
sal a treatment of the wastes is indispensable. Years of improvised waste hand
ling experience and an extensive literature search resulted in specifications and 
an operations plan for each treatment method considered,from which the necessary 
working conditions and installations could be derived. Thus ue developed a con
cept for an installation that should best suit our needs. The laboratory came in
to operation in 1970 and can be used for the following methods s 

- sorting of mixed wastes, mainly into four groups: combustible, non-combustible, 
compressible, non-compressiblej 

- baling of wastes by pressing for volume reductioni 
- solidification of liquid or semi-liquid wastes (sludges) with cementi 
- dismantling and cutting of large waste items (filters,components,plastic sheets) 

into small pieces that fit into 100 or 200 liter drumsi 
- enclosure of wastes in cement or concrete. 

The wastes must be packaged into steel drums or prefabricated concrete con
tainers according to international transport regulations and requirements for fi-
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nal disposal such as dumping into the deep ocean. Most of the wastes were low-
and medium-level wastes from EIR operations (average input 100 rnVy^)? but also 
wastes from other sources (some 40 mvyr) such as industry, research institutes, 
hospitals and in smaller amounts from nuclear power stations were treated. About 
10 percent were medium-level wastes. The laboratory is only in operation during 
the regular working hours. The crew consists of a supervisor, a health physics 
technician and four to five operators. In 1971/72 wastes ware treated during an 
effective average of 30 weeks par year, the rest of the time was used for revi
sions, decontaminations, vacations etc. With an average yearly production of 650 
drums (200 liter) of conditioned low-level waste and 80 concrete containers of 
medium-level wastes the capacity of the laboratory is not fully utilized. By in
creasing the number of operators and working during two shifts a day an input of 
400 - 500 mVyr °'^ unconditioned wastes could be handled. 

3. Description of the laboratory 

The laboratory was installed in an already existing massive one-story rein
forced concrete building, 22 x 17 x 4.5 meters.An annex contains the installati
ons for cement mixing and the feed pump. The building ( plan, Fig.l ) is divided 
into a large storage, loading and operating hall, entrance and exit lock areas, 
active and inactive change rooms and office, and a personnel access and control 
lock. The ventilation system is housed in two rooms on top of the change rooms, 
together with the breathing air supply and the continuous exit air monitor. 

About half of the operating hall serves as a temporary storage and transfer 
area for incoming wastes. The other half is the main working area with a large 
(8 x 6 x 3.3 meters) combination of massive airtight steel boxes, consisting of 
a transfer box for loading wastes either into the sorting or the operations box, 
a sealed operations box, a sorting box, a baling press box and a cement box with 
an exit lock. The boxes are connected by hydraulic sash doors with electrical in
terlocks between the inner and outer doors in order to avoid operating errors and 
spreading of contaminations.The sorting box (Fig.2) contains a foot-pedal-control
led conveyor belt with three external working places and sealed connections for 
drums that can be removed into the operations box. The conveyor discharges into 
the press box.The sorting box is protected by two independent fire extinguishing 
systems with CO2 and water. The baling press box (Fig. 3) accommodates a 100 ton 
press where loose waste or filled 100 liter drums can be compressed to 1/5 or less 
of the original volumes. A lucite hood is lowered on top of the baling container 
during pressing and the air expelled from the compressed waste is directly drawn 
into the exit air system. In a feed loop prefabricated cement is circulated by a 
pump between the cement preparation annex and the cement box where it can be fil
led by simple and safe means into the steel drums containing the conditioned waste 
and compacted by a vibrator. Sorting, press and cement box operations are done 
from outside from the operating hall by means of glove openings or hydraulic con
trols (Fig.2). All other operations such as dismantling, cutting, filling of com
pressed drums into larger drums are carried out in the operations box (Fig. 3). 
Access for working inside the sealed operations box is only possible through the 
personnel access lock (Fig.4) and the operators are dressed in proper protective 
clothing. The breathing air equipment can supply up to five operators in fully 
ventilated suits. In case of a power failure two reserve tanks with compressed 
air allow an evacuation of all five workers without any hurry or hazard by the 
usual procedures through the access lock. The latter serves as the control room 
for the supervision of operations inside the operations box with all the neces
sary equipment for voice-controlled intercommunication with and between indivi
dual or all operators. The intercom cables are located in the air hoses of the 
ventilated suits. Special quick-connect contamination-proof couplings and paral
lel air and intercom connections in the control lock and the box permit indivi
dual adj"ustment of intercom and air supplies before the operators enter the box. 
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All parts of the building are also connected by a loudspeaker intercom system. 
The whole laboratory is very well ventilated with about 20 air changes/hr. 

Filtrated and if needed warm air is fed into all rooms and is then sucked through 
three sets of absolute filters into the operations box and from there into the 
other boxes. The exit air ventilators draw the air from the sorting, press and 
cement boxes through two filter stages with glass fiber absolute filters,of which 
one filter unit is located directly after each box while the second stage unit 
is in the exit air duct before the ventilators. Ventilation control keeps the 
boxes at reduced pressures of 10 - 30 mm water gauge pressure difference. 

4. Equipment for radiation protection 

Incoming "hot" waste drums and components can be temporarily stored in the 
operating hall behind a 60 cm thick concrete wall.Shielded transport containers 
are available for transfers of medium-level wastes. The boxes are made of 5 mm 
thick steel sheets without additional shielding, but for the treatment of medium-
level waste mobile lead shields of 5 cm thickness can be installed at the respec
tive working places. The baling press is connected to the cement box by a rail 
track with a hydraulically operated trolley (Fig.3) carrying a container with a 
cylindrical 6 cm thick lead shield which takes up the drums for pressing, concre
ting and unloading through the exit lock of the box. 

At the three most exposed locations outside the boxes GR counter y-dose rate 
monitors are mounted. In the storage/loading area and the exit area of the opera
ting hall and in the control lock sets of portable instruments for |3/y dose rate 
and |3/y and a surface contamination monitoring are available together with shiel
ded detectors for wipe tests and air samples. Exit contamination control of the 
personnel is done by background-compensated |3/y hand/foot monitors in the active 
change room and the operating hall, a scintillator a hand monitor in the active 
change room and by very sensitive p/y and a hand/foot monitors at the exit of the 
inactive change room. The air in the operating hall is continuously sampled and 
the filters are periodically checked for a and (3/y , The exit air activity from 
the boxes is continuously monitored and registered for a and |3/y activities. The 
exit of the operations box and the active change room are equipped with showers. 
A complete and sufficient stock of radiation protection materials is maintained. 

5, Operational and health physics techniques 

The wastes are delivered into the operating hall in closed steel drums, in 
some special cases in sealed plastic bags. All treatment operations are executed 
inside the boxes. The interlocked sash doors permit safe transfers without leaka
ge of activities. If the large door of the operations box has to be used, a plas
tic tent is connected as a temporary lock for the transfer of large equipment or 
waste items.All rooms are regularly controlled by wipe tests. Special care is gi
ven to the transfer of filled containers from the box to the exit lock area.Drums 
are washed with water in the box and transferred wet. When leaving the exit lock 
of the cement box they are immediately checked for contamination at the entire 
surface,This is done in the operating hall where final decontamination can be done 
if necessary, before a crane transports the containers to the exit lock area. 

Working in the operating hall and at the sorting, press and cement boxes is 
done in ordinary coveralls without additional protective garments. For work in
side the operations box the operators change completely into special underwear, 
coveralls, rubber boots, hoods and gloves, for wet work also disposable plastic 
suits. The normal respiratory protection is the army gas mask, fully ventilated 
protective suits of EIR designs are only worn for Tritium, Carbon-14 or Radium 
wastes. All protective clothes offer relatively comfortable working conditions 
for periods of 2 1/2 to 3 hours between half-hour or longer breaks. When leaving 
the operations box the operators take off clothes and respiratory protection in 
the access lock and undergo there a coarse contamination control. After a shower 
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in the active change room they check again for contamination and leave for the 
inactive change room where they put on their own underwear and ordinary working 
or street clothes,A final contamination check follows at the exit of the inactive 
change room. When using ventilated suits the men take a shower with the suits on 
at the exit of the operations box (Fig,4) before entering the access lock. There 
the suit is taken off with the help of another man wearing mask, hood and gloves, 
who makes the first contamination check. All complicated or hazardous operations 
are supervised and monitored by the crew's health physics technician. But each 
crew member completed a 4 weeks' radiation protection course at EIR and has to 
take care of his own radiation protection and monitoring. The supervisor of the 
laboratory is also a fully trained health physics technician. Independent controls 
of working environment and methods are performed by the working place survey group 
of the Health Physics Division. 

For personnel monitoring direct reading pocket chambers ( 200 mR ) and film 
badges with quarterly evaluation are used, supplemented by TLD chips in finger-
rings which we designed to stand heavy mechanical work without damage to chips 
or gloves. Incorporation monitoring is done by periodical urine analyses, after 
risky operations or incidents by special investigations and whole body counting. 

6. Operational experiences 

Radionuclide composition, physical and chemical forms of the wastes vary a 
great deal and require very different treatment and packaging methods which, ex
cept the pressing, must be manually executed. A rationalized conditioning by spe
cial remotely or automatically operated equipment is out of reach for an instal
lation of this size for space and cost reasons. In 1971 and 72 wastes with the 
following main activities were treated % 

a-emitters (mostly Pu) ca. 10 Ci J Tritium ca. 260 Ci 
Radium ^„ ca. 1 Ci i Carbon-14 ca. 3 Ci 

60 % 
mixed fission products + Co ca.660 Ci : 
The average whole body doses of the personnel due to external exposure were 

about 1,5 rem/yr and were similar for the entire crew. The incorporation monito
ring showed no values above the investigation levels, most of them could be inter
preted as representing less than 1 percent of the MPBBs. These minor incorpora
tions resulted from Iodine-131 or Tritium work in the operations box. 

No air contaminations outside the boxes in the operating hall have been founds 
and surface contaminations outside the boxes are extremely rare events at harmless 
levels less than five times the operational guides for uncontrolled zones. This 
proves that practically no contaminations are spread from the interior of the bo
xes to the outside. The reasons for this ares an excellent ventilation and rela
tively large negative pressure differences in the airtight boxes, rigorous and 
disciplined controls of personnel and material at the exits of the boxes, and fre
quent coarse decontamination of the boxes before the contamination levels become 
too high. A certain hazard exists for the hands of the operators due to relative
ly frequent damaging of gloves. If no wounds are inflicted, washing is in most ca
ses sufficient for decontamination. Only in three cases the hands had to be decon
taminated by a specialist from our first aid and personnel decontamination team. 
One operator received a cut into the hand from an Iodine-131 contaminated item. 
The wound was washed with saline solution and surgically cleaned by a physician. 
This was the only, minor incident and had no lasting consequences. 

Our experiences have been excellent, the concept chosen is well suited to 
our needs. Summing up : good protection of the personnel depends on a reasonable 
combination of installations that are appropriate to the tasks and a good and 
disciplined working technique with reliable radiation protection and monitoring. 
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Fig. 1 ; EIR uiaste treatment laboratory, floor plan 

vehicle + uaste entrance lock area 
storage, loading + operating hall 
waste exit lock area 
inactive change room 
active change room, shower 
personnel access + control lock 
sorting box 

8 baling press box 
9 cement box 

10 sealed operations box 
11 protective tent at large box door 
12 shielding of incoming waste store 
13 cement preparation annex 
14 cement feeding tubes 

FJQ. 2 : Exterior of the sorting box and the transfer box. fln operator is loading 
a plastic bag into the sorting box, where another operator is sorting the waste 
from the conveyor belt into several drums or the press box (left background).The 
lower, closed sash door is used for the transfer of drums into the operations box, 
visible through the window at the right, y-dose rate monitors are mounted at the 
working face of the boxes. 
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Fiq. 3 : Interior of the operations box. A 100 liter drum (only partially com
pressed for the sake of clarity) has been removed from the baling and transfer 
trolley with its shielded container ( at the right on the track). The sash door 
of the baling press box is kept open, normally it would be closed during that 
phase (right background). The right hand wall has a series of windows and glove 
ports fbr the external operator of the press and the transfer trolley. An entrance 
air filter is also visible. In the background at left the wall of the sorting 
box is seen with an exit air duct and the attachments and trolleys for the sor
ting drums belou. The operator wears the usual dress for uork Inside the box. 

Fiq. 4 : Exit of the operations box to the personnel access and control lock. 
An operator in a fully ventilated PVC-suit with clear hood and intercom takes a 
shower before leaving the operations box through the door into the access lock. 
Behind the window the operator in the control lock has intercom contact with the 
operators in the box and regulates the air supplies. Five air and intercom hoses 
are connected at the right of the window. The hoses are disconnected from the 
suits before leaving the box. Decontaminating material and a contamination-protec
ted fire extinguisher are below the window. 
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SOME PRELIMINARY INVESTIGATIONS ON THE CONTRIBUTION 
OP MUONS TO THE STRAY RADIATION LEVEL AROUND THE 

CERN 28 GeV PROTON SYNCHROTRON 

M. Hefart and J, Baarli 
CERN 

Geneva, Switzerland 

Abstract 

Below a few GeV the predominant radiation in the environment of 
accelerator installations is stray neutrons. Muons may however become 
dominant if pions and kaons produced by the interacting primary beam 
are allowed to decay in the course of free flight and the resulting muons 
in forward direction are not sufficiently shielded. 

Measurements with a counter telescope allowing for the determination 
of their angular distribution behind the shield around the beam direction 
are reported. The attenuation length for muon spectra from the decay of 
pions of a few GeV in several materials was determined and is compared 
with theoretical values. The measurements show in addition the contri
bution to stray radiation levels by other components penetrating the main 
shield of the accelerator. Their relative importance at different dist
ances and their environmental impact are discussed. 

Introduction 

Radiation protection measurements around multi-GeV proton accelera
tors are difficult due to the largely unknown mixture of stray radiation 
outside the shielding. This is caused by the interactions of primary 
protons with target and shielding materials giving rise to a variety of 
secondary radiations covering a wide energy range. The predominant 
penetrating component of the dose measured is generally neutrons. 

The contributions of muons, however, may become important if pions 
and kaons produced in the Interaction of the primary bcjam are allowed 
to decay in the course of free flight into mu-mesons. A cjertain attenua
tion of the latter component projected in the forward direction requires 
more shielding than is needed for the parent pions, since the muons — 
up to the energy range which is important for our problem — only inter
act electromagnetically whereas the hadrons in addition undergo nuclear 
inieractions. 

The attenuation of hadrons is predominantly exponential in the 
shielding and may be described by a single parameter, i.e. the attenua
tion length A which is about I30 g cm~^ in iron shielding for proton 
beams of lO-JOO GeV. 

Although the attenuation curves for muons (calculated and measured) 
turn out not to be simply exponential, they still may be characterized 
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over certain depths by one single parameter. Apparent attenuation 
lengths reported-'-"? for muons from primary proton energies of 25 GeV 
range between 430 and 900 g cm"^. These values are Influenced by the 
choice of the production formulae of pions, their decay path (length and 
angle) and the resulting muon spectrtun but seem less influenced by the 
shielding materials used in the calculations. 

Experimental Equipment 

A counter telescope was constructed to detect muons resulting from 
the decay of pions and kaons in the forward direction downstream of 
targets and after penetrating the shielding wall of the accelerator 
enclosure, 

Three scintillation counters in triple coincidence of 5 cm width, 
20 cm height and 2 cm thickness are mounted on a supporting bar at a 
distance of 75 cm from each other. The supporting bar pivots around a 
central axis in the horizontal plane and can be moved in the vertical 
plane as well. The pulses observed from the telescope are counted and 
are stored according to their height in a 256 multi-channel analyzer 
with a 100 MHz ADC. All measurements are made with reference to a two
fold coincidence monitor counter left in a fixed position in the radia
tion field during the measurements. This is done in order to take into 
account intensity variations of the accelerator. 

Results 

The equipment was tested first in a series of measurements performed 
at an angle of 6° with respect to an internal target at a distance of 
45 HI, The total shielding thickness between target and detector amoxmted 
to only 3000 g cm~'̂ . A typical recorded spectriim is shown in Fig. 1. 
This consists of a peak at low chairmel numbers corresponding to a small 
stopping power or minimum ionizing particles and a long tail with higher 
stopping power. 

When additional shielding material (lead, iron) is placed in front 
of the first counter, a second peak at higher channel numbers appears 
and the first peak decreases (Pig. 2). The conclusion of this effect is 
as follows I the radiation penetrating the shielding wall is muons 
"contaminated" with hadrons. Different kinds of particles in the GeV 
range however have roughly equal stopping power, about 2.2 MeV g"-*- cm~^, 
in a scintillator and will thus be found grouped around the same channel 
numbers. By introducing shielding the hadrons produce forward-peaked 
secondaries of lower energies that build up the second peak as these 
cause a higher energy loss in the detector. 

By Increasing the shielding thickness this second peak is found to 
be attenuated with a A corresponding to hadrons, whereas the first peak 
decreases with an attenuation length which approaches a value expected 
for muons. 

The apparent attenuation lengths for muons determined from this 
experiment were 379 g cm~2 for lead and 457 g cm~2 for iron. 

A second series of experiments was performed using a test beam 
tuned to 19 GeV/c pions. The same build-up phenomenon was observed. 
Attenuation lengths for muons gave in this case values of 417 g cm" fcr 
lead and 491 g cm"^ for iron, in other words slightly higher than in the 
preceding experiment. Prom these measurements a superiority of lead of 
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about 20^ compared to iron was found for the attenuation of muons, where
as the error in the determination of the parameter A is of the order 
of 10%. 

In a third series of measurements an attempt was made to detect 
muons behind a beam stop in an experimental hall. An extracted beam 
from the PS interacted with a target located 23 m upstream of the shield
ing (Pig. 3), Spectra were recorded in seven positions and all of these 
showed a typical Landau distribution with no "tail" towards higher chan
nel numbers. Figure 4 is shown as an example. 

When the counter telescope was turned in the horizontal plane 
around its vertical axis, the maximtim count rate was observed when the 
instrument pointed in the direction of the target. The angular depend
ence of the muon intensity, for example for position 6 (Pig. 3)> is 
shown in Pig. 5. The angular response of the telescope for monodirec-
tional radiation has the shape of a triangle and is also given in the 
figure. It was shown by calculations that the measured angular distri
bution is not distorted by this response function and thus corresponds 
to the actual one. 

A more complicated intensity distribution of the muons, which could 
be decomposed into three peaks, is observed at for example position 2 
(Pig. 6). 

Figure 3 indicates the positions in which observations with the 
telescope were carried out. The arrows point in the direction of 
measured maximum muon intensities; their lengths have been drawn 
proportional to the height of the measured peaks. The extensions of 
these arrows pass through the target — the main source of pions and 
subsequently muons — or point to some weakness in the shielding, for 
example in the direction of reduced thickness of iron. 

Using the CERN radiation survey method a dose rate of 1.36 mrem/h 
was measured in position 1. According to the results 42?̂  of "fche dose 
rate is due to fast neutron and high energy particles, the rest is made 
up of charged particles and Y rays. The integration of the angular 
distribution for muons amounts to 0.33 mrem/h with the usual conversion 
of 10 muons cm"^ g-1 corresponding to 1 mrem h"-'-. Their share of the 
total dose rate passes from one fourth to one half at greater distances, 
i.e. outside the experimental hall along the axis of propagation for the 
muons, as the fast neutron and high energy particle component falls off 
rather rapidly. Muons, although rather localized, will become the 
dominant component of stray radiation at even greater distances. 
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Fig. 1. Pulse height spectriim of events recorded with counter 
telescope behind 3000 g cm~2 shielding material at 60 
from an internal target. 

Pig. 2. Same as Pig. 1, but with 5 om of lead m front of the 
first scintillator. 

Pig. 4« Pulse height spectrum of events from mu-mesons as measured 
m position 5 shown on Pig. 3. 
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Pig. 3. Mu-meson measurements m the west experimental area 
downstream of an external target behind an end-stop made 
out of iron and concrete shielding material. The length 
of the arrows corresponds to the muon intensity; they are 
pointing m the direction of the maximum. 

Pig. 5. Angular distribution of mu-meson intensity m position 5 
of Pig. 3. The angular response function of the counter 
telescope having the shape of a triangle is also shown m 
this figure. 

Pig. 6. Angular distribution of mu-meson intensity as measured 
m position 2 of Pig. 3. 
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Abs t rac t 

The problems aM exper ience trained i n r a d i o l o g i c a l s a f e t y d u r i i ^ PuOg 
fue l f a b r i c a t i o n fo r 'PURMM' r e a c t o r a r e d iscussed in t h i s paper . Safety 
a s p e c t s i n design^ c o n s t r u c t i o n arui coomissioniry of m e t a l l u r g i c a l f a c i l i t i e s 
and glove boxes, measures f o r coataminat ion c o n t r o l , a i r , a rea and c r i t i c a l i t y 
monitoring in s t rumen ta t ion and t h e i r c a l i b r a t i o n a r e d e a l t w i t h . Radiologica l 
h e a l t h d a t a a r e sumnarlsed t o r e f l e c t t h e adequacy of p recau t iooary p rov i s ions 
followed i n fue l f a b r i c a t i o n work. Bvolution of t he methods f o r r e l a t e d sa fe ty 
problems l i k e a s se s s ing neut ron emission from PuOo fuel p ins and Pu i n s o l i d 
wastes a r e o u t l i n e d . 

I n t roduc t i on 

Eadiomatal lurgy Laboratory a t the Bhabha Atomic Heaearch Centre has 
been opez^ t i rg a plutoni-um fuel f a b r i c a t i o n f a c i l i t y during t h e l a s t two years 
involv ing handl ing and s t o r a g e of ki logram amounts of plutonium. The f a c i l i t y 
has f a b r i c a t e d the complete core charge of PuOg p ins f o r the zero power f a s t 
r e a c t o r 'PUHHIMA' a t Trombay. 

The fue l p in of *PURIIMA' has s t a i n l e s s stsjel claddiz^^ and c o n s i s t s 
of a c e n t r a l PuOg core of 180 mm l e n g t h follov/ed a t e i t h e r end, by a moly™ 
bdenum plug of 80 mm l e n g t h and s t a i n l e s s s t e e l end plijg t o serve as a x i a l 
r e f l e c t o r s i n t h e r e a c t o r . The p in i s of 11 mm diameter and of 495 mm 
o v e r a l l l eng th and has a plutonium l o a d l i ^ of 123.5 g . The complete core 
l o a d i n g ca l l ed f o r product ion of !78 f i i l l fuel p i n s , 4 h a l f and 4 q u a r t e r 
fue l p i n s . In a d d i t i o n , seven Pu-Be s t a r t - u p source p i n s , i d e n t i c a l in shape 
t o t h e PuOp fue l p i n s , were a l s o f a b r i c a t e d . This paper dea l s wi th t h e 
safetj ' ' a s p e c t s i n t he des ign of the hand l l r ^ f a c i l i t i e s and t h e exper ience 
gained i n t h e r a d i o l o g i c a l s a f e t y dur ing t h e f a b r i c a t i o n compaign. 

guel Pin Fabrication 

The feed powder PuOg? after milllEg, granulation, etc. is loaded in a 
suitable die and pressed with a 10 ton hydraulic press, located in a glo\'-e 
box. The green pellets, thus obtained, were sintered in an argon and ^a 
hydrogen atmosphere in a molybdenum furnace inside a glove box. After sinter
ing the lerjgth and the weights of the pellets were checked a M the geometrical 
density compared with that obtained oy an immersion method using dibromo ethane 
Acceptable pellets were then inserted in the stainless steel clad tube, whose 
top end plug was already welded and radiographed. The tube was Inserted into 
the glove box| a holding spring was pushed in, followed by a molybdenum pliagf 
PuOg pellets and another molybdenum reflector. The loaded clad tube was held 
in a special welding chamber in a glove box and the chamber was evacuated and 
filled with helium. After inserting the lower end plx^, weldirg was carried 
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out remotely by argon arc welding. The fuel pina were then decontaminated, 
subiected to ladiogiaphy and helium leak t e s t . Approved fuel pins were loaded 
in birdcages and transferred to the Plutonium Store or reactor s i t e . 

Design Safety Features 
The lo i^ biological ha l f - l i f e and the high energy of the emitted alpha 

par t ic les together with select ive loca l i sa t ion in bone or lufg makes plutonium 
one of the most toxic na te r la l s when deposited inside the body* With the 
maximum permissible lu i^ burden for Insoluble plutonium (e .g . PuO,) being as 
low as 0.016 ^Ci ( «* 0,26 pg) the glove box design called for stringent 
b u i l t - i n safety features with regard to containment capabil i ty. Since a mass 
as low as 500 g of Pu could lead to a nuclear excursion under unfavourable 
conditions, c r i t i c a l i t y safety was to be considered through mass control,safe 
separation of Pu uni ts aM safe design of birdcages for storage and t ransport , 
with administiative control a t each stage of handling. 

Safety Peatures in feboratory Design 
The fuel fabricat ion f a c i l i t y i s housed mainly in two high active area 

h a l l s with entry from an active corridor. The corridor has a decontamination 
room at one end, and the other s ide , opens out to a personnel corridor,leadi3% 
to a chaise room. A plutonium store room is located in the personnel corridor. 
Equipments for the various metallurgical operations are housed in glove boxes, 
located in the high active h a l l s . Services of a high order of in tegr i ty , 
required for a class A laboratory have been provided. ILaboiatory area anJ 
glove boxes are provided with separate a i r supply and exhaust system, the 
equipments of which, located in a f i l t e r house, discharge the effluents 
through a 76 m stack, a f t e r f i l t r a t i o n through hî ^h efficiency part iculate 
f i l t e r s . Ventilation for the act ive ha l l s and corridors have been designed 
to give respectively 10 and 7 a i r charjges per hour and press'ore d i f ferent ia ls 
have been maintained between the areas to enable air-flow from low active 
areas to high active ones. 

Slove Boxes and t n e i r Safety Features 
Wanj' design safptj^ features have been incorporated in the fabrication 

of glove bixes from the point of view of containment. Slove box fi^me and 
floor are jiade of s . s 304 for ease of decontamination. F i l t e r boxes of 
aluminiiom are conveniently located so as to erjable replacement of the inle t 
and outlet f i l t e r s by a single hand operdtlon through the upper port.Absolute 
f i l t e r s of I«3A Honey-comb type with an efficiency of 99.95« for 0.5 jum par t ic les 
are used. Transfer and postlng-in operations are carried out thro'ugh a i r locks 
with double doors and bagging-in por ts . Normal atmosphere was found adequate 
for PuOo fuel workj however, for Pu metal hanclir^, the boxes could be turned 
to an argon system, provided with a pur i f ie r and a recirculat ion unit,Operations 
were carried out in g^ove boxes uaier -1 in.WG. 

Air enters throi^h an i so la t ion valve, a ball valve, rotameter, a 
regulator and an in le t f l l t e r i and vents via an exit f i l t e r , a bal l valve aM 
a three-way solenoid valve, A meenanical pressure control ler and a bellow 
adjiist minor pressure variations but in case of accidental overpressxirisation 
or any rapture of glove or fa i lure of recirculat ion system, the three-vYay 
solenoid valve i n i t i a t e s emergency control by opening the box di rect ly to the 
-10 in . IG. main glove-box exhaust l i n e . The in le t regulator closes and a 
pressure d i f ferent ia l switch flashes an alarm in the fonn of a red l ight on 
glove-box board J wami!^ the opeiatiEg staff of an emeigency s i t i « t i on , 
Neopren© glovesj 0#S mm thick, were considered adequate against the soft 
i«,diation emitted by plutonium. Apart from ins ta l led COp extinguishers in 
the h a l l s , eutect ic sa l t mlxtxire in sealed PVC bag was kept handy in glove-
boxes to smother any f i r e . The furi»ce coolant water is normally on main 
water supply* An emergency water tank hag been provided to take care of 
fa i lure of main water supply or loss of pressure. Fil tered water from a pool 
was also connected to the l i ne as an a l te rna t ive for sustained supply. 
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Pre-commissionin^^ Tests 
The prlDBry responsibi l i ty of the health physics s taff at the time of 

commissioning of the f a c i l i t y was to check the adequacy of the protective 
features and assess operational safety. 

Glove Box Containment Evaluation. The gloves and glove boxes were checked for 
leakage before commissioniz^ for Pu hardling. The box leakage rates were found 
to be l e s s than 0.05/i box volume/hour, as i s prescribed for inert atmosphere 
boxes. 

Glove Box F i l t e r Efficiency Tests . F i l t e r efficiency checks were carried out 
with uranine aerosols . F i l t e r s were approved for use only when they conformed 
to 99.9/0 efficiency for 0,3 fm p a r t i c l e s . 

Effluent Drains Checks. High and low active drains were checked with inactive 
cold XTuns using rhodamin dye to ensure proper pump connections and valve 
opei«tions. 

BreathiiiK Air Line Checks. Compressor a i r was checked for presence of o i l mist, 
moisture and CO to ensure that t h e i r levels were below the tolerance l i m i t s . 
The minimum requirement of 3 cft/m at the breathing points was checked. 

Opei^tional Safety and Hazards Control 

fess of Pu, handled was I n i t i a l l y limited to 75 g per batch to acquire 
experience and l a t e r , the batch size was progressively increased to 500 g Pu, 
a f t e r reviewing the safety aspects . In a l l about 85 sintering rims and about 
200 la-box weldii^ operations, coveriiy fuel pins and s tar t -up source pins 
were carried out. 

Constant health physics surveillance was provided for the operations. 
Access control to the fuel laboratory was enforced through change rooms. In 
potent ia l ly act ive areas l ike f i l t e r room, decontamirsition room, entiy was 
effected xinder health physics supervision or a f t e r obtainir^j special work 
permits. Use of protective clothiK^ consisting of overal ls , overshoes, head 
caps and surgical gloves for handling pel le ts and pins was recomx-nended. 
PiH"ther, TJJD'S on forehead and chest , normal beta-gamim and fast neutron film 
badges, c r i t i c a l i t y badge and pocket dosimeters were worn while at work with 
PuOp." Air l i n e respira tors connected to 15 Ibf/ in^ a i r l i n e via quick connec
t ion coupllr^s were kept readily available for emergency use. 

Equipments for sinterint, and weighir^ operations were located in a 
t r a i n of interconnected glove boxes to preclude the necessity of intermit tent 
bagging out operations and consequent external exposure. Different phases of 
work were segregated to avoid contamination spread. The welding opeiations, 
metallography work and source pin fabricat ion were grouped separately in 
another t r a in of glove boxes to f a c i l i t a t e f l ex ib i l i t y and control of r ad i a t 
ion exposure and contamli»tion. 

As the quantity of PuOp handled was progres3lvely increased,extensive 
radiat ion survey was eonducteo to control personnel exposure usiry conventior^ 
radiat ion monitoring instruments. The area and a i r monitors were s t ra tegica l ly 
located in the laboratory. Provision was also smde to monitor the effluent 
streams. The monitors along with a remote read-out on a Central Health Console 
give alarm at pre-set l imi t s for in i t i a t ing coirective action. 
External Hazards and Control 

PuOp powder was obtained from reprocessing i»t .U fuel from Girus 
reac tor . 

Radiation survey data of the f i r s t seven s inter i r^ runs, with 75 g Pu 
per batch, indicated high beta-gamma dose ra tes from pel le ts j the pe l le t s 
showed a gamma dose ra te of 300-450 mR/h and the beta dose ra te was 1-2 H/h. 
The glove box panels registered a gamna dose r a t e of 50-75 mH/h. This also 
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indicated a ra t io of about 6 oetween contact and ciiest level dose i ^ t e s . 
Analysis_of an aliquot sample of PuO^ by health physics staff indicated 
mainly ^^^r-S^]^ ac t iv i ty and a to t a l ac t iv i ty of about 5 ;iCi/g of PuO^. 
Subsequently PUO2 was tharefore obtained from spent fuel rods with lesser 
f i ss ion product content. As a r e su l t , the gamsaa dose rates on the s in ter i rg 
glove box panel came down to 12-30 mK/h even with increased quantit ies of 
200-550 g PUO2. 

The fabricat ion of fuel pins as well as s tar t-up source pins did not 
cal l ±or special ahleldii^j to boxes. As a measure of radiation safety, fuel 
pin welding and Pu-Be source pin fabrication jobs were carried out by rotation 
of staff . This was necessary as the beta-gamma dose rate from a ful l fuel 
pin at 1 cm was nearly 40-50 mR/h while the neutron dose rate was 130-140 
mrsm/h. Fuel pins were cnecked individually for loose contamination by an alpte 
probe inside the box and also with swipe, counting. After radiography and 
helium leak t e s t , the weld-zones were checked for fixed contamination. Before 
machiniog of the welds for most pins, the counts varied in the range of 
100-1000 dpn/cm^, maximum being 64000 dpm/em^ while af ter machining and 
polishing, the levels for most pins came down to 200-400 dpin/cra^' 

For s tar t -up source pins of 0.9 01 strength, the method of fabrication 
was to mix nearly 16 g of Pu as PuOg with nearly equal quantity of Be 
followed by pressing and s inter isg in a hi^h vacuiam induction furnace. The 
neutron exposures incurred during fabricat ion of 2 source pins were of the 
order of 50 mrem on chest and 400 mrem on wrist per man. The contact gamma 
dose ra te of the source pin was nearly 150 mS/h while the dose rates at 30 cm 
from the pin iwere 16 mRA^ due to gammas aM 25 mrem/h due to neutrons. 

Cumulative dose(beta-gamna-neutron) received oy a few members of the 
staff , d i rec t ly involved in the fabrication work durirg the corapaign period 
18,6»70 to 21.3.72 are indicated belowj 

Persons Exposure(mrem) Person Exposure(mrem) Person 3sposure(mrem) 

A 
B 
C 
D 
B 

177 
482 
199 
827 
166 

F 
G 
H 
I 
J 

658 
867 
541 
1069 
1540 

L 
M 
N 
0 
P 

763 
820 
379 
473 
569 

From the estimated ra t io of contact to chest level dose rates,maximum 
extremity exposure could be of tne order of 9 R. 

Air Oontamli»tlon Control 
iSach glove box premise has a suction port with an a i r samplir^ head 

connected to a central a i r sampling pump. F i l t e r paper samples obtained with 
this bystem as well as with annular impactors when analysed for lor^ lived 
ac t i v i t y , did not show any a i r contamir»tion in the laboratory. In addition 
a Pu-in-air monitor located in the laboratory detects a i r borne Fa by alpha 
spectrometrj'. The detector i s of a s i l icon surface barr ier type. The unit i s 
pre-set to sound an alarm a t 8 MFC hours in presence of natural radioactivity 
whoso sp i l l -over in 4.1 - 5.1 MeV plutonium channels is estimated to be less 
than IQ/y of the t o t a l . 

Durli^ glove changir^ operations, respirator area was maintained. 
Maintei»nce work was carried out once on an IMuction furraee for which frog 
sui t and a i r l i n e respi ra tor were prescribed. Only one instance of a i r 
contamimtion due to a small tear on glove aiOse, Due to immediate corrective 
act ion, no personnel exposure occurred. 

Bioassay and v/hole body counting of the operating staff showed that 
there was no internal exposure. About 34 members of staff were monitcred, 
af ter completicn of the programme for Pa deposition in lung with a th in 
Nal(Tl) crystal with a Be window. The count rates obtained were of backgrourri 
levels a f te r repeat monitoring. 
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Environmental Contamination Control 
Air-borne effluents were discharged a f t e r monitorirjg downstream 

through a stack. The glove box and laboratoiy exhaust had negligibly small 
long lived a c t i v i t y . The l iquid wastes, both high active ( >10-4 ^Ci/crn-^) 
and low active ( < 10~4 juCi/cm-^) ones were collected in separate tanks and 
sent for disposal . Maximum levels of alpha and beta-gamma ac t iv i ty of the 
l iquid effluents discharged from the fuel fabricat ion f ac i l i t y for processirsg 
were nearly 1.2x10 ;uCi/cm3 and 5.6x10"° juCi/cm^ respectivelyi the net 
ac t iv i ty figures over a year for alpha and beta-gamma were nearly 2 mCi 
and 10.5 mCi respect ively. Solid wastes, suspected to contain Pu were 
segregated in standard containers marked ' ac t ive ' while non suspect wastes were 
handed over to the waste management f a c i l i t y . Low active solid wastes 
generated were to the extent of 15 - 20 packets, each of 2 e f t . volume ard 
the packets had a naximum surface dose ra te of 1 mB/h and these were also 
sent for disposal , 

Or l t i ca l i ty Safety 

Preliminary clearance was limited to 250 g Pu in the s in ter i rg furrace 
glfe.?e S>A5 takirg into acco-unt Ihe poss ib i l i ty of the coolant l ine rupture. 
Presence of two batches, each of 250 g Pu, was permitted in ei ther of the high 
act ive ha l l s a t any time. Later, on the basis of operating experience, the 
quantity of Pu for sintering was progressively Increased to 500 g Pu and the 
same handling l i m i t , was enforced for the weldirfe^ box too . Administrative 
control ensured that water or other hydrogeneoiis materials were not brought 
Inside the facxj however small quant i t ies , required for specific opeiations, 
were permitted a f t e r special clearance. 

Birdcages have been fabricated to store aM transport the fuel pins» 
The birdcage consists of a mild s tee l slotted angle frame work with an 
aluminium container, r igidly fixed at i t s centre . Inside the Al container is 
a sqiare c luster of nine altunlnium tubes welded together a t the top and bottom 
to form a bundle. Bach of the tuDes accommodates one fuel pin in a PVC bag| 
thus nine pins, amounting to 1 .26 kg PuOp can be stored in the birdcage. The 
central Al container i s provided with a t ight f i tx iag cap with a neoprene 
gasket to render i t leak t i g h t . A prototype birdcage was subjected to drop 
and water leakage t e s t s and was approved for use. 

The birdcages carrying the complete core charge of 'PUHNIMA' reactor 
(s^22 kg Pu) were stored in the Pu store room in a plane array. The birdcages 
of size 60 X 40 X 40 om3 have been designed to maintain between the central Al 
containers a minimum surface-to-surface separation of 30 cm, to i so la te the 
containers in the event of f loodir^. Effective neutron mult ipl icat ion factor 
of a birdcage with 9 fuel pins , under flooding coBiltions(including internal 
flooding) has been estimated as about 0.67. Thus the nuclear safety of the 
individual birdcage as well as the array was ensured in the event of flooding. 

C r i t i c a l i t y Monitor 
Cr i t i ca l i t y monitors are located in the two high active ha l l s and Pu 

store room. The senslr^ device consists of an ion chamber, connected to a 
period amplifier. The amplifier gives an Indication of the ra te of r i s e of 
the gamm f ie ld during an excursion. The c r i t e r i a for alarm se t t i rg of the 
system were fixed as follows? 

( i ) the system shall sound a posit ive alarm if a c r i t i c a l i t y 
biurst of 10^5 fissions occurs at a distance of 30 f t . from 
the detector and delivers prompt gamim dose in 100 m i l l i 
seconds, 

( l l ) the system shall not give an alarm as a result of handling 
10 Ci "OQO source a t a distance of about 10 f t from the chamber. 
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The above c r i t e r i a w i l l be s a t i s f i e d i f a change in l a d i a t i o n l e v e l 
by 6 decades ( i « e . 10 mI0i background t o 10^ R/h) t r i g g e r s t he a la im. 

In o rde r t o study the i^sponse of t h e monitor ,a c r i t i c a l i t y event 
was simulated by shoot ing a SOco capsule of 1 Gl s t r eng th past the ion 
chamber. The source was e j ec t ed wi th compressed a i r over a d i s t ance of 
8-J f t i n 0,25 s e c , g i v i n g a change of f i e l d from 10 mHA t o 1 04 R/1i. The 
a larm l i m i t was s e t a t 5C?/S of t h e maximum d e f l e c t i o n obtained d u r i r ^ 
c a l i b r a t i o n . 

B s t l n e t i o n of Pu i n 'tfaste and Fuel P i n s / P e l l e t s 

As a measure of inventory c o n t r o l , ins t ruments were developed to 
e s t ima te Pu content i n s o l i d w a s t e s , PuOg p e l l e t s and f in i shed fue l p i n s . 

Assessment of Pu in so l i d waste was ca r r ied out by eount i r^ low 
energy X-rays from Pu i n t he channels ,corresponding to 11 .0 t o 21 ,5 KeV̂  
with a 1 mm th i ck and 25 mm diam. Nal(Tl) cxys ta l ,hav ing a Be window. 
Measurements wi th 1 yUCi Pu source, in a 125 mm diam and 175 mm high starniard 
waste con ta ine r ,gave twelve t imes the background counts in four minutes and 
t h i s i nd ica t ed a f e a s i b i l i t y of es t imat ing xig l e v e l s of Pu i n s o l i d was t e s , 

A BF., f i l l e d annula r counter was developed to mtasure t he neutron 
emission fTOfi PuOg p e l l e t s and fuel p i n s . Since Pu has been obtained from 
| |Pi"ocPssing of low burn-up f u e l , i t was p o s s i b l e to es t imate 239pu and 

Pu content in the p e l l e t s and pins knowing the neutron y i e l d s from sponta
neous f i s s i o n and(a lpha ,neu t ron) r eac t i ons i n PuO^. An approximate assessment 
of the neut ron dose r a t e could a l s o be made from the measurements. 

Conclusion 

Safe opera t ion of t h e f a c i l i t y has been amply demonstrated by low 
personnel exposure and absence of unsafe i n c i d e n t s and t h i s has given an 
incen t ive to f a s t r e a c t o r fuel development programme. 
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Abs t rac t 

The paper d e a l s with t h e s t a n d a r d i s a t i o n of Ce l lu lose n i t r a t e ( G . N . ) 
f i lm^ ( t h i cknes s JS 3,0 iig/cm^) fo r the d e t e c t i o n of alpha p a r t i c l e s from 
a '-39pu source and some of i t s a p p l i c a t i o n s . The s t chan t used was 6 N NaOH. 
The optimum e t c h i r g time f o r t h e development of t r a c k s was found t o be 4.5 
hours a t room tempera ture (24-25 ' ' c ) . The t r a c k f o m a t i o n e f f i c i e n c y uMer 
t he se cond i t ions works out to 17,9/^« 

.Results of some of our s t u d i e s a r e included, h e r e . I t i s now p o s s i b l e 
t o d e t e c t low a lpha a c t i v i t i e s of t h e o rder of 10""-̂  dpm, the reby making many 
types of extremely low IsveL alpha measurements p o s s i b l e . 

I n t r o d u c t i o n 

With t h e advent of s o l i d s t a t e t r a c k de tec to iB i n 1958 i t has been 
p o s s i b l e to d e t e c t heavy charged p a r t i c u l a t e r a d i a t i o n such as f i s s i o n 
fragments , a lpha p a r t i c l e s , deuterons or pro tons i n the presence of o the r 
r a d i a t i o n such as beta-gamma, neut rons e t c . 

Of the v a r i o u s p l a s t i c f i lms used so f a r in such measurements, C.N, 
p l a s t i c f i lm has been repor ted t o be t h e most s e n s i t i v e . This paper de sc r ibe s 
t he p r e p a r a t i o n and s t a n d a r d i s a t i o n of the G .N.p las t i c f i lms i n our l abo ra to ry 
and acme of i t s a p p l i c a t i o n s i n h e a l t h physics work through the r e g i s t » t l o n 
of a lpha p a r t i c l e t r a c k s . 

P repa ra t i on of the CM. p l a s t i c f i lm 

Chemicals used 

a ) Ce l lu lose n i t r a t e (commercial g rade ) (N2= ' ' 2»1 w t^ ) -17 .0 g 
b) e thy l a c e t a t e ( A . R . ) - 61.9 g 
c ) Isopyropyl a lcohol (A.R.) - 5.1 g 
d ) Butyl a l coho l (A ,R . ) - 4 .0 g 
e ) Cel losolve a c e t a t e (commercial g rade ) - 8 .0 g 
f ) Diootyl p h t h a l a t e (DOP) (commercial grade) - 4 .0 g 

Using t h e s e chemicals i n the p ropor t ions shown above the p l a s t i c f i lms 
were prepared i n t he fol lowing manner by Benton^s technique^i 

Ce l lu lose n i t r a t e was f i r s t d isso lved i n e thy l a c e t a t e to which t h e 
o t h e r t h r e e s o l v e n t s were added i n t h e o rder shown above. To the s o l u t i o n , 
4*0 g of DOP was added as a p l a s t i c i s e r . The mixtirre was then permit ted to 
age fo r four days t o al low i t t o a t t a i n diemical equ i l ib r ium before f i lms 
could be p repared . 

852 



For preparation of the films, the above solution was used as such| and 
for obtaining thinner films - after dilution with different volumes of ethyl 
acetate. These solutions were poured on glass plates of size 10" x 4" which 
were kept in a slanting position with a slope of about 1 in 7. The glass 
plates were left tindisturoed overnight. 

The next day, the films were gradually peeled off from the glass plates 
by inserting water drops between the films and the glass plate. This was 
followed by annealir^ of the films at a temperature of 100°C for about 16 
hours after which they were ready for experimental use. 

2 
The above films were in thickness range of 2 to 6 ag/cra , The chemical 

composition of the films in wt. % was fouM to be: C = 37.3, H=4,8, !!J=9,45 
and 0 = 47.95 (by difference). 

Track fornation by chemical etching 
The f inal shape of the tracks formed by chemical etching is influenced 

by numerous factors such as the d i rec t ion of entrance of the par t ic le into the 
film, the physical s t ructure of the substance, choice of the etchant aM i t s 
concentration, temperature of etching, etching time etc,-^'"^. Under ideal 
conditions, i . e . when the track recording material is homogeneous and the 
diffusion effects are absent, the etched trades are conical in shape with 
sharp terminal ends^. 

The alpha par t ic le tracks registered in our G,N. films have been found 
to be of two types - sharp conical and pi t type (P ig . l ) . The sharp conical 
tracks indicate that ideal conditions of film preparation are not beyoM reach. 
The etchant In our case was 6 N NaOH solution a t room temperature. 

Standardisation of our G.N.film 

Pu i s one of the hazardous isotopes which is being handled in BARG 
laboxatories . I t was therefore decided to carry out the standardisation of 
these films with respect to th i s iBotope, The films were exposed to alpha 
pa r t i c l e s from 239Pu sources on s ta in less s teel planchets and the following 
parameters were s tudieds-

J^Itchine. temperature 

I t was found that the best t i^ck shapes could be seen when the etching 
v/as carried out at room temperature ( 2 4 - 2 5 ° G ) . At higher temperatures the 
track shapes teMed to be p i t type. 

Useful thickness oi thejFllm 
2 

This was found to be about 3 mg/cm , At smaller thickness the film 
becomes diff ici i l t to handle af ter etching and at larger thickness the etchirg 
times are very long (8 hours or more) a t room temperature. 
Optimum etching time 

This parameter was determined for^the films of thicknesssr 3 ny/cm 
(exact thickness of the film = 2 , 9 mg/cm^) and was found to be 4.5 hours at 
room temperature. Beyond th i s etching time the number of tracks was found to 
diminish. 

Track formation efficiency 

Under the optimum conditions as ^iven above i t was found that the films 
(S 3 mg/cm ) record 17.9 tracks per 100 disintegrations in the sample, in 
close contact with the source, the etching time belr\i 4.5 hours at room 
temperature. 
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Detection of low levels of alpha contamination 

RadiometAllurgy section, handlintj Kg amounts of PuOj, does not show any 
detectable floor contamination by normal monitoring techniques. To check the 
presence of extremely low levels of contamination, if any, five spots were 
chosen on the floor for the exposure of the C.N.film. These spots had not 
shown any loose or fixed contamination by scintillation probe monitoring. 
They were tnen covered "/ith G.N.films followed by P7G covering and left 
undisturbed for about 11 days. 

After exposure the films were washed with soap and water to remove the 
attached loose dust, 11' any, Tne films were then etched in 6 N NaOH solution 
lor 4.5 hours at room temperature. After etching,, all the films were washed, 
dried and examined under the microscope. A control film was also processed 
In the same fashion. 

The sxperimentcil films showed the presence ot many groups of tracks-
each t.iO'-'P representing one active speck. The minimum and maximom number of 
tracks In any group was found to be 6 and 238 respectively. 

Discussion 
If we assume that the track formation efficiency for alpha particles 

here is the same as that calculated in the standardisation experiments we can 
calculste the activity of each speck responsible for a group of tracks. It is 
seen that activity of any individual speck encountered in these experiments 
l ies in the range from 2.14xl0~-5 dpm to 8.5x10'^ dpm. The table below sho^s 
the levels of contamireition as detected by each film. 

Place of exposure for Area of Total No. CorrespondIt^ activity in 
the film the film of tracks , A / '^ *w r, T, 4> 

dpm dpivcm ^K.P.li. of 
on tne f i lm 

sur face 
contaminat ion 

-2 
Below the bagging port 7.28 637 0.23 0.03 1^3x10 
of welding glove box 

Belo.v the t r a n s f e r por t 5.28 330 0.12 0.02 8.1x10~ 
of balance glove box 

-2 
Below the bagging por t 6,44 1312 0,47 0.07 2.9x10 
of induc t ion furnace 
glove box 

In f ron t of decontamina- 6,34 210 O.CB 0.01 4.7x1 o"" 
t i o n fuiaehood 

i n f ron t of decontamina- 9.28 209 0.07 0.01 3.2x10" 
t i o n fumehood 

* 1 M.P.I.. of alpha sur face contamirti t lon a t BARG = 2.5 dpn/cm 
This study shows t h a t t he new technique goes a long way i n lowering 

the d e t e c t i o n l i m i t f o r alpha contamina t ions . I t can be adopted f o r rou t ine 
use a l so a s t he technique i s s imple . 

De tec t ion of low l e v e l s of alpha a c t i v i t y i n bioassay samples 
Encouraged by the success of G.N,films i n t h e d e t e c t i o n of lo'7 l e v e l s 

of alpha contaminat ion, an a t tempt wag made to study t h e i r u t i l i t y fo r 
bioassay samples as w e l l . The r e s u l t s of our s t u d i e s with p lanche t t ed 
plutonium alpha a c t i v i t y of l e s s than 1 dpm, from ur ine samples, a r e 
desc i ibea below. 
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Two such s t a i n l e s s s t e e l p l anche t s (d iameter = 2 .0" ) of a c t i v i t y 0,16 
and 0,393 dpm were kept i n contact with C.N.films fo r about 11 and 7 days , 
thus expos l j ^ the f i lms to 2520 and 3920 d i s i n t e g r a t i o n s r e spec t i ve ly as per 
t h e counting d a t a , flxposures were c a r r i e d out i n a vacuum d e s s i c a t o r t o 
e l i m i n a t e t he i n t e r f e r e n c e due t o na-tural r a d i o a c t i v i t y i n a i r . 

Af ter exposure, the f i lms were washed with soap and water t o remove 
the a t t a ched loose p r e c i p i t a t e and etched as descr ibed e a r l i e r . The number 
of a lpha p a r t i c l e t r a c k s recorded on each f i lm were counted d u r i r ^ scanning 
d-nd found to be 3841 and 5667 r e s p e c t i v e l y . 

Discuss ion 

The number of t r a c k s recorded on the C.N.films a r e h igher by f a c t o r s 
of 1 ,52 and 1 .44 than the t o t a l number of d i s i n t e g r a t i o n s in the samples as 
c a l c u l a t e d from t h e i r r e spec t i ve dpm v a l u e s . The descrepancy i n the two 
x'es'ults can p a r t l y be ass igned to following r ea sons ; 

i ) High s t a t i s t i c a l e r r o r s in counting of t he bioassay samples which viere 
of t he o rde r of _+ 39.6^0 aM +_ ZO/o i n our two samples r e s p e c t i v e l y , 
i i ) The ZnS s c i n t i l l a t i o n counter i s being s tandardised by sources having 
a diameter of about 20 mm ox- l e s s while t he a r e a covered by the p r e c i p i t a t e 
on the b ioassay planchet samples nay be anj'where from 40 to 50 mm in d iameter . 
Our p.relimlnary i n v e s t i g a t i o n s have shown t h a t co r rec t ion fo r t h i s a rea would 
enhance the dpm value of t he sample by about 25/o. 
i l l ) The p r e c i p i t a t e on t h e p lanche t s l e ads t o degradat ion of energy of 
a lpha p a r t i c l e s . The exact degree of degrada t ion cannot be agse r t a ined for 
such low a c t i v i t y samples. But i t has been observed tha t the t r a c k r e g i s t r a 
t i o n e f f i c iency inc reases a s t he energy of t h e alpha p a r t i c l e s d e c r e a s e s . And 
fo r ZnS s c i n t i l l a t i o n co'unter the eff ic iency of counting f a l l s off a s the 
energy of dlpha p a r t i c l e s d e c r e a s e s . These f a c t o r s w i l l t h e r e f o r e fu r t he r 
he lp to br idge t h e gap . 
i v ) The amount of p r e c i p i t a t e was found to vary on the two p lanche ts under 
i n v e s t i g a t i o n . 

All these f a c t o r s w i l l help in p a r t i a l l y explaining the descrepancy. 
But a d e t a i l e d i n v e s t i g a t i o n i s s e p a r a t e l y necessary to explain i t completely. 

0 t h e r _ a 2 ^ j £ a t i o m 
The G.N.films prepared in our Idborutory have a l so been used i n the 

fol lcwing s t u d i e s ; 
1) Autoradiography of e l ec t rodepos i t ed planchet type sources.Of the few 
sources studie 'd, some have revealed the presence of many c l u s t e r s sugges t ing 
extreme nonuniformity of depos i t i on ( F i g . 2 ) , A d e t a i l e d i n v e s t i g a t i o n in to 
the causes leadlDj^ t o such non-uniform d e p o s i t i o n i s oeing ca r r ied o u t . 
2) Autoradiography of s i n g l e drop planchet sources . I t has been observed 
t h a t t h e a c H v l t y a l o ^ t he e d g e ^ w i d t h of t h e e d g e S ^ O O |im) i s about 60y» of 
the t o t a l f o r source diamete.r3 of 6 to 7 mm, 
3) Autoradiography of UO^-PUOQ p e l l e t s ( w e i g h t p ropor t ion 97 .4 t2 ,6 ) t o 
study the uniformity of d i s t r i b u t i o n o f ~ ^ u t o S ' ^ ^ i r i ^ t e n i I m ( P i g ^ 
imorraa t ion obtained should be of g rea t he lp to raetallurgiats in e v a l i » t i n g 
i ) degree of non-uniformity in mixing 
i i ) s i z e s of ind iv idua l p a r t i c l e s of plutonium 
i l l ) forriBtion of agg rega te s of plutonium dur ing mlxir^ , i f any. 
4) Autoradiography of Uran ln i t e mineral t o l o c a t e the a c t i v e g ra ins of 
Uranium, This f i lm nakes the l o c a t i o n of a c t i v e g ra ins verj"- easy when compared 
with the photographic f i lm because i t i s not s e n s i t i v e to beta-ganma rad la t i cns 
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F ig . i A lpha part ic le t racks (a) con ica l^ Cb) p i t t y p e . 

Fig 2 A c lus te r f r om e lec t rodepos i ted 2 3 9 Pu source 
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F ig 3 D is t r ibu t ion of PuOg m UO2 (a) c l u s t e r showing no 
u n i f o r m i t y , (b ) on area showing un i fo rm i ty 
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RETENTION OF IODINE ON DUCT SURFACES 

W.E . Grummitt 
Biology and Health Physics Division, Chalk River Nuclear L a b s , , AECL 

Chalk River, Ontario, Canada 

The behaviour of f ission-product iodine in a reac tor exhaust duct and filtering 
sys tem is of continuing in teres t . At CRNL par ts of the r e s e a r c h reac to r s 
a re cooled with air which is re leased frorn a stack located 770 m beyond the 
absolute f i l t e r s . Gases a re t r ans fe r red to the stack through a large duct. 
Occasionally, small ainounts of iodine a re re leased to the systera from an 
experimental reac tor loop. These nuclides have been used in the present 
study to measu re the hold-up of iodine in the system, 

Int r o due tion 

The behaviour of a i rborne radioactivity is of interest in evaluating the 
hazard from continuous or accidental d ischarge of fission products from a 
nuclear r eac to r . One of the factors affecting the amount re leased to the 
environment is the fractional deposition on containment surfaces . This 
repor t deals with the mechanism of deposition on specific surfaces and with 
r e - e m i s s i o n from them. 

The r e s e a r c h r eac to r s at CRNL are operated as tes t facilities in which 
the fuel mate r ia l , cladding and the cooling conditions can be al tered. A test 
loop, inserted in a single NRX fuel channel, is isolated from the reactor cool
ing sys tem. In some cases the loop circui t may be vented to the main air 
duct; r a r e gases and halogens from a failed fuel element can then be d i s 
charged froin the stack. The remaining fuel rods in NRX are water cooled 
and do not vent to the a tmosphere . 

Iodine-131 is par t icular ly important in assess ing the hazard from 
nuclear r e a c t o r s . It has a fairly long half-life and escapes readily froxn 
ruptured fuel and the element is essent ia l to man. The reraaining fission 
product iodines have shor ter half-l ives and contribute proportionally less to 
the integrated dose, but they are useful for investigating the behaviour of the 
element in a dynamic sys tem. 

Various chemical forms of gaseous i^ij have been recognized in addition 
to the elemental formi> 2. Perhaps the most t roublesome of these is methyl 
iodides,*, but hypoiodous acid, HOI, is r e leased under moist conditions at 
high pH >̂ ® . Both of these are difficult to remove from the gas phase. 

Elemental iodine should deposit on duct surfaces but the more penetrat
ing forms, which generally comprise about half the total, a re unreactive and 
a re not retained on surfaces to an appreciable extent. Assuming that the r e 
tention of I is revers ib le and that the mean life on the surface is the order of 
days, there should be an observable difference between the 8.065 d i^ij and 
the other isotopes which a re retained on the surface. At the stack one should 
see the sum of the following components: a) All isotopes present in the 
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p e n e t r a t i n g f o r m ; b ) i s i i wh ich h a s b e e n d e p o s i t e d on the s u r f a c e and s u b s e 
quen t ly r e l e a s e d ; c) 13®I and p o s s i b l y i ^ I in t he e l e m e n t a l f o r m which h a s 
u n d e r g o n e p a r t i a l or s u b s t a n t i a l d e c a y be fo re e s c a p i n g f ro ra the s u r f a c e . 
Iod ine -134 ( 5 2 . 3 m) should only be t r a n s p o r t e d to t he s t a c k in t he p e n e t r a t i n g , 
i . e . n o n - e l e m e n t a l f o r m . 

M e t h o d s 

A flow d i a g r a m of t he v e n t i l a t i o n s y s t e i n is shown in F i g u r e 1. The 
a b s o l u t e f i l t e r s a r e l o c a t e d at a s h o r t d i s t a n c e f r o m the NRX r e a c t o r . The 
duct is c o n s t r u c t e d of m i l d s t e e l 1.2 m d i a m e t e r by 770 m long and is pa in ted 
on the ins ide wi th one coa t of Z i n c i l a t e 4 1 0 . This p r o v i d e s a s a c r i f i c i a l 
coa t ing of z inc w h i c h p r o t e c t s t he u n d e r l y i n g m e t a l . 

S a m p l e s w e r e c o l l e c t e d by d r awing a m e a s u r e d amount ( 0 . 1 to 2 m^) of 
a i r t h r o u g h a c a n i s t e r . Co l l ec t ion t i m e s v a r i e d f r o m five m i n u t e s to two 
h o u r s depending on t h e n a t u r e of t h e e x p e r i m e n t . In e x p e r i r a e n t s d e s i g n e d to 
m e a s u r e t he c h e m i c a l f o r m of iodine t he s a m p l e w a s c o l l e c t e d wi th a f r e s h l y 
p r e p a r e d M a y p a c k s , in a l l o the r c a s e s a po lye thy lene c a p s u l e , 12 m m x 50 
m m , f i l led wi th a c t i v a t e d c h a r c o a l , w a s u s e d t o co l l ec t the s a m p l e . The 
o r d e r and ef f ic iency of c o m p o n e n t s in t h e May pack is g iven in Tab le 1. U p 
t a k e of hypoiodous ac id by c o p p e r s c r e e n s and c h a r c o a l w a s d e t e r r a i n e d in 
t h i s s tudy , McCormack ' ' ' r e p o r t s tha t m o r e t han 70% of t he HOI is r e t a i n e d 
by the c a r b o n p a p e r . In the p r e s e n t c a s e l e s s t han 11% is found on t h e o the r 
c o m p o n e n t s of the M a y pack, so m o r e t h a n 89% m u s t be r e t a i n e d by the paper . 

T a b l e 1 

P a r t i c u l a t e HOI CH^I Ref, 

n i l < 3 % n i l 8 , 9 
99% <2% ni l 9 
n i l >70% 1% 7 

n i l <6% 99% 7 

Ai r s a m p l e s w e r e t a k e n at the four l o c a t i o n s shown in F i g u r e 1. In 
o r d e r to m i n i m i z e l o s s of iodine p r i o r t o count ing , t he ind iv idua l c o m p o n e n t s 
w e r e s e a l e d in po lye thy lene e n v e l o p e s . S a m p l e 1 w a s c o l l e c t e d t h r o u g h a 
m e t a l t ube i n s e r t e d s ix inches into t he duct so is p r o b a b l y not r e p r e s e n t a t i v e 
of t he m e a n c o n c e n t r a t i o n at tha t po in t . 

Al l t h e n u c l i d e s w e r e d e t e r m i n e d s i m u l t a n e o u s l y by g a m m a s p e c t r o m e t r y 
A 125 cc Ge(Li) d e t e c t o r wi th 2 . 3 keV r e s o l u t i o n w a s u s e d for m o s t of t h e 
e x p e r i m e n t s . Th i s w a s coupled to a 4096 channe l a n a l y s e r . De t a i l s of t he 
m e t h o d of c o m p u t a t i o n w e r e given in an e a r l i e r report! '^ . With t h i s s y s t e m 
the i s o t o p e s of iodine , b r o m i n e , xenon , r u b i d i u m and c e s i u m could be r e s o l 
ved e a s i l y in a s i ng l e coun t . R e p e a t e d m e a s u r e m e n t s w e r e naade to ve r i fy 
ha l f - l i f e and to c h e c k for i n t e r f e r i n g l i n e s s u c h a s t he 5 2 9 . 5 keV g a m m a 
t r a n s i t i o n of 2 . 4 h ^s B r , In t h i s c a s e t he m a x i m u m e r r o r in t he d e t e r m i n a 
t ion of t he 20 . 8 h is®I was 3% in t h e f i r s t h o u r . The e n e r g i e s of t he l i n e s 
w h i c h w e r e s e l e c t e d for quan t i t a t i ve d e t e r m i n a t i o n s a r e g iven in Tab le 2 
t o g e t h e r wi th the p r e f e r r e d g a m m a b r a n c h i n g r a t i o s . 

R e s u l t s 

C h e m i c a l C o m p o s i t i o n of Iodine 

A t y p i c a l r e s u l t f r o m t h e a n a l y s e s of t he M a y p a c k s i s g iven in T a b l e 3 , 
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4 Coppe r s c r e e n s 100 m e s h 97% 
1 G l a s s f i b r e f i l t e r Type GFA 3% 
1 G e l m a n c a r b o n p a p e r Type A C G / B n i l 
B a r n e b e y - C h e n e y #513 ,_ 

60 B m l 
Ac t i va t ed c h a r c o a l 



TABLE 2 

Half-Life 

8.065 d 
2.284 h 
20.8 h 
52,3 m 
6,68 h 

35.34 h 

P re fe r r ed 
yLine 

364,49 keV 
667.8 
529.9 
847,04 
1260.45 
554.23 
776.45 

Y per 
Disintegration 

0.790 
0.999 
1.00 
1.00 
1.00 
0.73 
0,83 

Selected Gamma Ray Energies 

Mass 

131 
132 
133 
134 
135 

82 

These samples were collected at location 2, immediately after the absolute 
f i l te rs . Correct ions have been applied for incomplete uptake of I on the 
copper screens (97%) and for retention by the part iculate filter (see Table 1). 
The species held by the charcoal paper is largely hypoiodous acid''', though 
high molecular weight alkyl iodides may be collected with this fraction. 

The five iodine isotopes show a remarkab ly s imilar distribution on the 
May pack. This is in contrast to Keller et a.V-^ who recently observed large 
isotopic differences under conditions of high humidity. However, in both 
instances the fraction found in the elemental form was lowest for i s ^ I . 

TABLE 3 

Chemical Composition of Iodines and Bromine 

Mass No. 131 132 133 134 135 82 

Elemental 
Par t icula te 
HOI/HOBr 
CH I/CH Br* 

3 3 

26.1% 
1.8 

64.6 
7 , 5 

29.7% 
2 . 4 

60,3 
7 . 6 

31.1% 
2 . 1 

63,1 
3 . 8 

31.2% 
2 . 3 

61.0 
5 .4 

29.7% 
2 . 3 

63.4 
4 . 2 

17,7% 
_2 .0 
60, 1 
21.2 

-i-This r ep resen t s an upper limit; species which are not completely held by 
ea r l i e r components in the pack will be collected and counted as methyl 
iodide or bromide. Relative humidity = 35%. 

Retention of Iodine-131 

The concentration of i ^ i l at various points in the duct was measured in 
three separate exper iments . The purpose of this ser ies was to establish the 
extent to which this nuclide was retained on surfaces under conditions of near 
constant r e l e a s e . The first three runs in Table 4 followed long periods with 
the reac tor operating at constant power. 

Iodine-131, cor rec ted for air flow at the sampling point, shows litt le 
variat ion along the length of the duct with the reac tor operating (samples 2, 3 
and 4); it follows that there is negligible removal of i^^I in the duct system. 
The resu l t s also suggest that i ^ i j is not removed by the absolute f i l te rs . Tte 
apparent increase f rom the f irs t to second sampling point is caused byppoor 
mixing and non-representa t ive sampling at the f irs t location. 

There tends to be a re lease of extra fission products at shutdown which 
is still evident 15 hours la ter (Table 4). Some of the excess i s i f is retained 
on the duct surface, thus at t + 1 5 hours the concentration is lower at the 
stack (location 4) than at the f i l ters (location 2), 
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TABLE 4 

Iodine-131 Concentrations at Various Points in the Duct 

Experiment 

1 
2 
3 
3a 
3b 
3c 

*Reactor Oper 

1 

4.35 
3.88 
3.78 
5.54 
3.19 
2,03 

ating, 

iJoUXJ 

2 

6.85 
6.48 
5.39 
8.61 
5,04 
2,45 

Flow = 

XjJI 

52 

- l l i g j r u 

3 

6.64 
6.15 

-
-
-
-

Li.il-

4 

6,59 nCi 
6,31 
5,46 
7.28 
5.18 
2.85 

670 mS /h. 

TABLE 5 

. / m 3 

Time from 
Shutdown 

>!< 
* 
* 
15 h 
20 h 
40 h 

Iodine-133/Iodine-131 Activity Ratios 

Sampling Point 

Experiment 

1 
2 
3 
3a 
3b 
3c 
3d 

1 

5 .2 
5 .4 

10.2 
1.8 
1.3 
1.0 
0 , 8 

2 

5 .0 
5 ,2 
9 . 3 
1.1 
1,6 
1.7 
2 . 6 

4 
4 

3 

, 1 
. 6 
-
-
-
~ 
_ 

4 

4 . 2 
4 . 5 
5 .0 
1.7 
2 . 0 
2 , 3 
2 . 4 

Time from 
Shutdown 

* 
>!< 
* 
15 h 
20 h 
40 h 
60 h 

*Reactor Operating, Ratios a re cor rec ted for radioactive decay from t ime 
of shutdown as applicable. 

Other Isotopes of Iodine 

Table 5 shows the retention of i^^I, one of the four isotopes of iodine 
with half-l ives shorter than eight days . Ratios to i s i j permit use of resu l t s 
from the f irs t sampling point. In Table 6 the data for is'^I and other nuc -
lides a re normalized to facilitate in tercompar ison. 

Under steady state conditions at constant reac tor power there is moder 
ate retention of i^^I on the duct. The resu l t s in Table 6 show little depen
dence on half-life though i s ^ I is slightly higher than i3 4i and I S B J at the 
stack end of the duct. Tellurium-132 (78 h) is found beyond the absolute 
f i l ters and this causes i s s j to be high and var iab le . 

Release Following Reactor Shutdown 

The foregoing were steady state experiments; the reac tor loop had 
operated at constant flux for periods of up to th ree weeks . Following shut
down, it was observed that î ^I levels remained relat ively constant (see 
Table 4), but the 6. 68 h ^ssj and 20. 8 h ^̂ Î dropped by an order of magnitude 
(Table 5). This rapid change provided an opportunity for observing desorp-
tion from the duct surface. Results are given in Table 7. 

Bromine-82 

Bromine-82 is a shielded nuclide which has a very low fission yield so 
would not normally be observable with the other halogens . In NRX it is 
probably produced by an n, ^ or n, p react ion on bromine or krypton. 
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TABLE 6 

Concentrations of Iodine and Bromine Isotopes Relative to i^ij (Normalized) 

Exp. 1 Sampling Point Exp. 3 Sampling Point 

atope 

133 
135 
132 
134 

82 

Half-Life 

20.8 h 
6.68 h 
2.28 h 
0.87 h 

35.34 h 

1 2 

0.95 
0.99 
1.1 
0.97 
0.67 

3 

0.78 
0.75 
1.0 
0.74 
0.69 

4 

0.80 
0.74 
1.0 
0.75 
0.68 

1 2 

0.91 
0.92 
1.6 
0.93 
0. 53 

3 

-
-
-
_ 
_ 

4 

0.58 
0.52 
2 . 0 
0.50 
0.51 

TABLE 7 

Duct Concentrations After Shutdown Relative to î ^ I (Normalized) 

Sampling Point 

Isotope 

133 

Experiment 

3 
3a 
3b 
3c 
3d 

1 

0.91 
0.62 
1.2 
1.7 
2 . 6 

0.58 
0. 90 
1.4 
2 . 3 
2 . 4 

Discus sion 

*Reactor Operating 

Time from Shutdown 

15 h 
20 h 
40 h 
60 h 

Mor r i s and NichoUsis rneasured the deposition velocity on copper and 
galvanized s tee l and found that there was rapid uptake with a much slower 
ra te of removal . In the present case the meta l surface of the duct has a coat
ing of granular zinc onto which the iodine deposi ts . This layer of is^I can be 
displaced with inactive iodine® , showing that the exchange is r evers ib le . 

The data indicate that only the elemental form is exchanging. If R is the 
fraction retained on the duct then T, the fraction which is not retained is 
given by T = 1-R. Values of T can be obtained from i34i and i^sj concen t ra 
tions at location 4 (Table 6). The observed retention, R, is 0.26 for the first 
experiment and 0.49 for the th i rd . May pack resu l t s show that 30% and 50% 
of the iodine present is in the form of I at these t imes . 

Most of the molecules on the surface of the duct at a given t ime will be 
î ^I because this isotope has the longest half-life. At an observed activity 
ra t io of nine to one the numbers of atoms of m a s s 131 and 133 are equal in 
the gas phase. Normally the 52 min T-^I is a factor of ten less-abundant. 

The mean life of a inolecule on the surface before escape by exchange 
can be est imated from the data in Table 6. Most, though not all, of the 20. 8 
h ®̂®I decays while held on the surface. Let us assume that the fraction ex
changing is the same for all isotopes and that in the case of 52 min 3̂*1 this 
fraction decays completely on the surface. Now if R is the fraction retained 
on the duct which undergoes complete decay and R^ is the fraction undergoing 
part ia l decay before escape, the fraction of î ^I which remains is 

Ntl_ ^ o - ^ t 

but N ̂ '-

R 

N,xe -xt 

where i = 0 .693 /20 .8 h . 

N = number of atoms at zero t ime . 
0 

N^ = nuinber of atoms at t . 
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Solving for t gives values of 46 and 53 hours for the two experiments in Table 
6. Thus the mean life of iodine on the surface is 2. 1 days . 

Iodine-135 has a half-life of 6.68 h and the amount reraaining after 2. 1 
days decay is 0.6%. As pract ical ly all of the is^j on the surface decays in 
situ, one would expect the same retention as in the case of ^3*1. The data in 
Table 6 confirm this r e su l t . 

It is evident from Table 7 that the i^^I concentration is increasing along 
the duct following shutdown. The relat ive level at sampling point 4 reaches a 
value Zk t imes the inlet concentration at t + 6 0 hours . Hence this nuclide 

'̂  0 
must be coming from the meta l and filter sur faces . The r e l ea se probably 
occurs by an exchange react ion involving i^^I. At t + 20 h the abundance of 
this isotope in the gas phase is over 95%, while the abundance of i s s j is higher 
on the surface than in the gas phase. Exchange at this t ime will enhance the 
concentration of the isotope in the gas phase . 

The outlet concentration of is^I is again the sum of two components: a 
penetrat ing fraction reduced in concentration by a factor of 10 following shut
down, and an exchanging fraction which escapes from the surface after par t ia l 
decay. Note that the la t ter is deposited before shutdown at the higher concen
t ra t ion . Then the increase at the stack is: 

Q = ( l - R ) F + R e " ^ ^ ^^^^^ Q = r £ ] ^ l 
— r inlet 1 

, - . „ ^ i v ,^,-., ^ ^-i F = decrease in is'^I after shutdown 
= (0 .48X 0.1) + 0.52 x 0,21 

0,1 X = 0 .693/20 .8 h" 
= 1 . 6 t = 2.1 d 

This value can be compared with an observed average of 1, 7 from measured 
concentrat ions . The agreement supports the calculated mean res idence t ime 
of 2 .1 days . 
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Figure 1. Schematic diagrami of the reac tor ventilation system 
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E5CEMPLE D'ORGANISATION DE LA SECURITE NUCLEAISE 

DANS UN ETABLISSEMENT UNI¥ERSITAIRE 

Ph. KISSEL - C. EENARB 
Dfipartement de Protection - STEPPA 
Commissariat a I'Energie Atomique 

R6gim6 

Le Commissariat k I'Eaergie Atomique a et6 appelfi a fournir 4 l'Univer~ 
site une assistance technique en mati&re de Sicuritfi Nuclfiaire. 

Les auteurs font la synthese des nouveaux problemes qui se sont poses & 
eux en vue de mettre en place une organisation tenant compte des moyens dont 
ils disposaient, 

lis pr^cisent ensuite les modalit^s d'action qu'ils ont 61abor6es et 
experimentfies dans un grand fitablissement universitaire, 

Î ntrgduet ion 

Parmi tous les ̂ tablissements dans lesquels sont utilislesdes sources de 
rayonnements ionisants, les fitablissements d'enseignement et ue recherches 
sont ceux oit 1'organisation de la security nuclfiaire est certainement la plus 
delicate & rfialiser. 

Aprfes avoir mis en relief certains des problSmes qui se posent en milieu 
universitaire nous dgfinirons le cadre dans lequel un organisme tel que le 
Commissariat 4 l^Energie Atomique (C,E,A.) peut apporter son concours en vue 
de mettre en place une telle organisation. 

Ce cadre 6tant dresse^ nous examineroas ensuite les modalit^s d'action 
telles q«*elles sont actuellement en cours d'expirimentation au sein d*un 
gtablissement universitaire, 

I« Probleroes particuliers de sicuritfi nuclgaire en milieu universitaire 

Si les problemes de sficuritfi His au domaine de la recherche ne sont pas 
1'apanage exclusif de I'Universiti, il a'en reste pas moins que les problfenies 
de security titicl6aire liis au domaine de I'Enseignement ne se posent gu&re 
que dans ses Stablissements, 

I,I, Probl^es de s6eurit6 noelgaire liis au domaine de I'Enseignement 

La mission de I'Enseignant €tant d'eduquer ses filfeves, ceux-ci se doivent 
d'fitre tenus inform6s des dangers attaches aux raatfiriaux ou aux appareils 
qu'ils manipulent, De ce fait I'enseignant est ĝ nfiralanent mieux attach^ aux 
probl&mes de s6curit6 que son collfegue chercheur et, si I'individu est & la 
fois I'un et I'autre, nous pouvons 6tre assures qu'il prendra plus de pre
cautions avec ses 61feves qu'il n'en prendrait pour lui-m&ie« 

II n'en reste pas moins que la mise en oeuvre de sources de rayonnements 
ionisants dans une salle de travaux pratiques astreint I'enseignant & prendre 
des dispositions particulieres entratnant I'emploi de mat^riels ou d'iquipe~ 
ments dont la maintenance et le contr®le pSriodique n^cessitent le plus sou-
vent la mise en oeuvre d'autres matirlels tout aussi complexes et onfireux. En 
ce cas le soutien d'un technicien sera prficieux Ik I'enseignant, surtout si ce 
technicien a une competence particuli^re pour ripondre a la saine curiosity 
des eifeves et si de plus il prend le soin de les rassurer ou d'gvelller 

leurs craintes lorsque celles-ci ont un fonderaent r^el. 
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1,2e Profolfemes de s^curiti nuel^aire His au domaine de la recherche 

En ce domaine les probl&mes se posent diff€remment du fait d'une comple-
xite plus grande des moyens utilisfis, 

Toute Unite de Recherche dependant d'un organisme, fut-il public ou prive, 
est une source pratiquement intarissable de problemes de s^curite. Si de plus 
les travaux effectufis entratnent la mise en oeuvre de radioslaments ou de g6n6-
rateurs ^lectriques de rayonnements, ces problfemes peuvent s'amplifier trfes 
rapidement et nicessitent, d&s leur apparition, la competence d'un spficialiste 
en radioprotection. 

La Recherche, surtout lorsqu'elle est fondamentale, ca qui est le cas le 
plus frequent dans 1'University, n'a pas une vole trac6e de fa^on intangible 
et ceux qui mfenent de tels travaux le savent. 

La raultiplicite des techniques et des moyens dont la Science dispose 
actuellement, ajoutfie ou plus exactement multiplifie, par celle des radioeii-
ments artificiels et de leurs nombreux composes disponibles, fait que le niveau 
du danger doit, ou devrait ttre, pratiqu^aent estimg en permanence. 

Pour que cette appreciation continue des risques puisse exister, il est 
non seulement indispensable que le chercheur possSde une rSelle competence en 
mati&re de securite, mais egalement qu'il s'astreigne a mener ses travaux avec 
un souci constant des dangers qu'ils peuvent presenter. 

Comrae une telle association n'est ni forciment courante ni forc6ment 
benefique aux travaux du chercheur, la solution la plus sflre, tout en etant la 
solution de facilite apparente, est de faire seconder le chercheur par un 
cadre competent : si la jonction est bonne entre les deux parties et si les 
echantges de vues sont suffisamment ouverts et frequents, les risultats doivent 
§tre satisfaisants, 

1,3. Probl&mes lies a 1'organisation generate de la securite nucieaire 
dans un etablissement universitaire 

11 paralt indeniable, au moins en France, que la reglementation actuel
lement en vigueur relative a la protection des travailleurs centre les rayon
nements ionisants a surtout ete eiaboree en vue de son application dans des 
etabllssements a caractfere industriel, De ce fait une adaptation devient indis
pensable lorsqu'll s'agit de I'appliquer en milieu universitaire. 

A I'enonce des critferes pouvant 6tre retenus en vue de definir les bases 
d'une organisation de la securite dans un etablissement nous ne pouvoi^ que 
mettre en evidence la necessite de cette adaptation t 

a/ responsabilite de I'employeur : si les notions de responsabilites 
civile et penale restent trfes voisines dans les secteurs industriels et uni-
versitaires, 11 n'en est pas moins vrai qu'un etudiant ne peut fitre considere 
comme un employe; 

b/ structures hierarchiques : si dans 1'Industrie les responsables sont 
designes, dans I'universite ils sont le plus souvent eius; 

c/ diversite des sources de rayonnements , de leurs approvisionnements 
et de leurs emplois : il n'y a pas de commune mesure m8me entre un Centre 
industriel de recherches et une universite, notaranent en ce qui concerne 
la centralisation des approvisionnements; 

d/ harmonisation des modalites de surveillance et de contrSle : dans 
I'industrie ces modalites sont imposees; dans I'universite elles doivent fitre 
proposees et accepties; 

e/ choix et mise en oeuvre des moyens de prevention et d'intervention ; 
1'industriel fait generalement le necessaire car il est soumis a certains 
contrSles reglementaires et doit pouvoir offrir des garanties valables de 
securite k son personnel et a son assureur; 1'universitaire n'a pratiquement 
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que sa s eu l e conscience p r o f e s s l o n n e l l e pour prendre ou f a i r e prendre les 
mesures n e c e s s a i r e s ; 

f/ d i s c i p l i n e e t d i v e r s i t e des personnels e t v i s i t e u r s : s ' 1 1 n ' e s t nul 
besoin de s ' e t e n d r e pour exp l iquer l a d i f fe rence de d i s c i p l i n e dans I ' un e t 
I ' a u t r e s e c t e u r , i l peut S t r e bon de r appe le r que dans I ' u n i v e r s i t e la d i v e r -
s i t e des personnels e s t t r e s grande. 

g/ information des personnels e t r e a l i s a t i o n d ' exe rc l ces de s e c u r i t e : 
s i la quas i t o t a l i t e des personnels employes dans I ' i n d u s t r i e n u c i e a i r e a 
s u l v l des conferences d ' Informat ion ou des cours de formation en matl&re de 
r a d i o p r o t e c t i o n , seu l s c e r t a i n s u n l v e r s i t a i r e s appeles a t r a v a l l l e r sur des 
sources de rayonnements ont e f fec tue un s t age de formation h. I ' I n s t i t u t des 
Sciences e t Techniques N u c l e a l r e s ; ce s t age de formation s e r a complete d 'une 
manlere ind ispensable par des exerc ices de s e c u r i t e nuc i ea i r e dont seu l s l es 
e t ab l l s semen t s du s e c t e u r I n d u s t r i e l ont bene f i c i e j u s q u ' a l o r s a no t r e conna i s -
s ance; 

h / conce r t a t i on du plan genera l d ' i n t e r v e n t i o n avec les secours publ ics : 
s i t o u t e tab l i s sement detenant des substances dangereuses e s t c l a s s e e t r e p e r -
t o r i e comme t e l e t s i l e s Secours pub l i c s sont en possess ion d 'un plan l eur 
permet tan t d ' i n t e r v e n l r dans ses i n s t a l l a t i o n s , 11 e s t f o r t vra isemblable a 
I ' h e u r e a c t u e l l e que s e u l s l es e tab l l s sements du s ec t eu r I n d u s t r i e l precedent 
a une mise a jour r igoureuse de ces p l a n s . 

1/ sources de flnancement e t mode de ges t ion des u n i t e s : s i I ' i n d u s t r i e 
r ep r e sen t e un c a p i t a l qu i e s t , normalement, source de revenus , e t s i la ge s t i on 
de ses d i f f e r e n t e s u n i t e s e s t coordonnee a un niveau e l e v e , I ' u n i t e d ' e n s e l -
gnement e t de recherches u n l v e r s i t a i r e s e s t pratiquement autonome, son f lnan
cement e t a n t presque exclusiveraent a s su re par I ' a l l o c a t i o n de fonds publ ics 
t ransmis par 1• In termedia i re de 1 'Adminis t ra t ion : les fonds a l l oues e t an t 
forcement l l m l t e s , 11 convient de r e c o n n a l t r e que 1 ' a f f e c t a t i o n de c r e d i t s 
a 1 'achat de m a t e r i a l s ou d'equipements de s e c u r i t e ne peut i t r e le premier 
inves t i ssement env i sage . 

2 . Cadre des a c t l v l t e s C.E.A. - A.T.S.N, aupres de I ' u n i v e r s i t e 

Les modal i tes d ' a c t i o n que nous avons e laborees e t mises en p lace dans une 
grande u n i v e r s i t e f ranga lse I ' o n t e t e dans l e cadre de 1'ASSISTANCE TECHNIQUE 
EN SECURITE NUCLEAIRE (A.T.S.N.) appor tee par le COMMISSARIAT A L'ENERGIE ATO
MIQUE aux organismes pub l i c s ou p r ives qui l u l en font l a demande. 

2 . 1 . Ass i s t ance en ma t i e re de prevent ion 

2 . 1 . 1 . Aspect technique 

Des c o n s e i l l e r s techniques sont mis a la d i s p o s i t i o n de I ' u n i v e r s i t e pour 
e t u d i e r en c o l l a b o r a t i o n avec les responsables des d i f f e r e n t e s u n i t e s : 

a/ la conception p a r t l c u l i e r e des i n s t a l l a t i o n s , 

b / 1•amenagement e t I 'equipement des l l e u x de t r a v a i l , 

c / l a d e l i m i t a t i o n des zones reg lementees , 

d/ l a r edac t i on de conslgnes genera les de s e c u r i t e n u c i e a i r e , 

e / 1 ' o rgan i sa t ion de l a s u r v e i l l a n c e rad lo log ique en mi l ieu de t r a v a i l , 

f/ l e probleme des dechets e t e f f l u e n t s contamines, 

g / 1 ' o rgan i sa t ion de 1 ' i n t e r v e n t i o n . 
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h/ les problemes de decontamination. 

2.1 .2 . Aspects medicaux 
Une assistance es t egalement prevue mettant a la disposition du service 

medical univers i ta i re des medecins-consells du C.E.A. en vue d'organiser la 
surveillance medicale des differentes categories de personnels exposes au 
danger des rayonnements ionisants : 

a/ mise en oeuvre des examens medicaux, 

b/ conduite a tenir en cas de contamination ou d ' i r radia t ion accidentel le, 

2 .1 .3 , Aspects reglementaires 

La detention e t 1 'u t i l i sa t ion de sources radloactlves (scellees ou non 
scel lees) etant soumlses a une reglementation, 11 importe que les responsables 
des differentes unites d'enseignement e t de recherche solent parfaitement 
informes des forraalltes a accomplir et des engagements qu ' i l s sont conduits a 
prendre et a tenir v is-a-vis des autori tes competentes. Cette information est 
fa i te egalement par les conseil lers techniques du C.E.A. 

2 .2 . Assistance en matifere d'equlpement 

2 . 2 . 1 , Aspects techniques 

Le C.E.A, es t amene, dans le cadre de son assistance en matiere de pre
vention, a proposer un choix de materiels ou d'equipements Individuels ou 
col lec t l f s de secur i t e . 

Par a i l l e u r s , 11 lu i es t souvent possible de fournir, sous forme de loca
t ion, ces materiels ou equipements de secur i te , 

2 .2 .2 , Aspects economiques 

Un avantage indeniable du systeme locatlf es t que I'Unite desireuse d ' u t i -
l l se r temporairement un materiel speciflque peut non seulement echapper aux 
deials courants d'approvisionnement, mais encore eviter un investlssement sou
vent important qu'un emplol momentane du materiel ne j u s t i f i e r a i t pas. 

2 . 3 , Assistance en matiere d ' intervention 

L'organisation du C.E.A, est t e l l e que les moyens d'intervention nucieaire 
dont 11 dispose pour ses propres besolns peuvent tres rapidement Stre mis en 
oeuvre. De ce f a i t , en cas d'accident grave a caractfere radioactif ou de s i 
nis t ra impllquant ou mena^ant une quantite notable de substances radloactlves, 
I 'un ivers i te peut demander 1'Intervention du C.E.A, en aler tant ce lu i -c i su i -
vant une procedure d ' a le r te parfaitement deflnie. 

Des son arrlvee dans 1'etablissement accidente I'equipe d' intervention 
nucieaire du C.E.A, se place sous I ' au to r i t e du representant des autorites 
publiques ou, en son absence, se met a la disposition du responsable de 
1'etablissement pour I ' a s s l s t e r de ses consells e t de ses moyens. 

De plus le chef de cet te equlpe C.E.A. a pour mission de proposer toute 
assistance complementaire q u ' i l juge necessaire et possible e t de provoquer 
la mise en oeuvre de ce l l e - c i lorsqu 'e l le es t demandee so i t par le respon
sable de 1'etablissement, so i t par le representant des autori tes publiques. 

Par la sui te le C.E.A, rend compte au Ministfere de la Sante Publlque 
(Service Central de Protection centre les Rayonnements Ionisants) des dispo
s i t ions q u ' i l a ete amene a prendre au cours de son intervention. 
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3 . Modalites d 'action du ,C^_.A. au sein d'un etablissement univers i ta i re 
3 . 1 . Modalites d 'action sur le plan technique 

I I nous es t avant tout apparu necessaire de constituer un dossier suf
fisamment precis pour que chacun des responsables concernes de I 'un ivers i te 
tant a I 'echelon central qu'a I 'echelon des unites so i t systematlquement tenu 
informe des problemes de securi te nucieaire se posant dans leurs in s t a l l a t ions . 

Le premier t r ava i l des conseil lers techniques du C.E.A. etant de faire un 
bilan des dangers radioact ifs et d'en deduire so i t la conception par t lcu l ie re 
d ' Ins ta l la t ions a I ' e t a t de proje t , so i t les amenagements a conseil ler s i ces 
ins ta l la t ions sont deja rea l l sees , nous avons mis au point deux documents 
techniques origlnaux : 

- une flche de securi te nucieaire collect ive dite "fiche de zo le" 
- une fiche de secur i te nucieaire individuelle di te " flche iudlvlduelle", 

3 . 1 . 1 . Fiche de zone (cf. annexe I) 

Cette premiere flche de securi te nucieaire permet de rassembler sur un 
seul document tous les renselgnements u t i l e s r e l a t i f s a une zone de t rava i l 
determlnee. 

Une fois e tabl le cet te flche permet non seulement de conseil ler sur le 
choix ou la va l i d i t e des equipements et amenagements de la zone consideree, 
mais egalement de determiner le classement de ce l l e -c i conformement a la 
legis la t ion en vigueur en vue de son ballsage. 

Le dossier constitue par I'ensemble de ces "fiches de zone'' permet de 
faire le recensement a un Instant donne de toutes les sources de rayonnements 
presentes dans un etablissement; done d'ouvrir un e ta t q u ' i l suffira de tenir 
a jour pour evaluer ulterieurement le potential des risques radlologiques dans 
les in s t a l l a t ions , 

Ce dossier permet egalement de preparer, sur des bases valables, le plan 
general d ' intervent ion, notamment en ce qui concerne 1'intervention nucieaire. 

3 . 1 . 2 , ^Iche i n d i v i d u e l l e (cf . annexe I I ) 

Cet te seconde f lche de s e c u r i t e n u c i e a i r e v i s e a d e f i n i r les r i sques 
auxquels e s t expose un indlvldu : e l l e e s t done nominat ive . Ce dociiment peut 
d ' a i l l e u r s fitre u t i l i s e s o i t dans un cadre p reven t l f , ce qui e s t evidemment 
c o n s e i l l e lorsque I ' o n peut p revo i r a I ' avance I ' a f f e c t a t l o n ou les a f f e c t a 
t i o n s success ives d 'un Ind lv ldu , s o i t sous forme de r e c a p i t u l a t i o n des t ravaux 
e f fec tues par c e l u i - c i durant une per lode a n t e r l e u r e determlnee, 

E t a b l l e a t i t r e p r even t l f , c e t t e f iche permet au c o n s e i l l e r technique 
CeE»A, I 

- de classer I ' indlvldu en regard de la legis la t ion sur la protection des 
t ravai l leurs contre les rayonnements 

- de fixer le choix des dosimetres individuels, de la tenue de t rava i l et 
des divers equipements individuels 

- de faire le point quant a la nature des risques d'exposltlon auxquels 
sera soumis I ' indlvldu en vue de sa surveillance systematique eventuelle e t 
notamment de sa surveil lance medicale. 

3 .2 . Modalites d 'act ion sur le plan medical 

L'assistance du C.E.A. en ce domaine se t radui t essentiellement par un 
r81e de consell, 

A cet effet des medecins-consells C.E.A. se tiennent a la disposit ion de 
leurs collegues du service medical un ivers i t a i re . 
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Afin d ' ^ t a b l t r ' . i e n e n t r e l es c o n s e i l l e r s techniques e t le corps 
medica l , notis avons ..iis au p o i n t , en c o l l a b o r a t i o n avec les inedecins-conseils 
du C E . A . , un t ro i s i eme docvnnent (c£ . annexe I I I ) i n t i t u l e "FICHE DE CONSEILS 
MEDICAUX" qui e s t une f iche de s e c u r i t e nuwlenire i nd iv idue l l e f a i san t s u i t e 
a la "FICHE INDIVIDUELLE". Sur la base des renseignements por tes par le 
t e c h n i c i e n - c o n s e i l C.E.A, sur l a f iche i n d i v i d u e l l e , le medecin de I ' e t a b l i s s e -
ment u n i / e r s i t a i r e ou, sur la demande de ce d e r n i e r , le medecin conse i l du 
C.E.A.3 e s t en raesure de d e f i n i r que l l e s doivent S t r e l a na ture des examens 
que do i t sub l r I ' i n t e r e s s e e t l a p e r i o d i c i t y de ces examens. 

Coitime on peut le c o n s t a t e r ce t ro i s i eme document e t a b l i e t e x p l o i t e par 
des medecins r e s t e ent ie rement c o n f i d e n t i e l e t peut S t r e verse au doss ie r 
medical de I ' i n d i v i d u avec, en piece j o i n t e , I ' exempla i re de la f iche i n d i 
v i d u e l l e adress^ au corps medica l . 

3 , 3 . Modal "".es d ' a c t i n g our les plans a d m i n i s t r a t i f e t f i nanc ie r 

3 . 3 . 1 . ModalItes admin is t ro t Ives 

Sur le p lan c o n t r a c t u e l nous avons mis au p o i n t , en c o l l a b o r a t i o n avec 
les s e rv i ce s a d m i n i s t r a t i f s cent raux du C.E.A., l e t ex t e d'une "CONVENTION 
D'ASSISTANCE TECHNIQUE EN SEOJRITE NUCLEAIRE" qui rassemble tous les elements 
ind lspensables k un t e l c o n t r a t . Ce modele de convention peut d ' a i l l e u r s S t re 
u t i l i s e aus s i b ien avec un e tab l i s sement i n d u s t r i a l ou u n i v e r s i t a i r e qu 'avec 
un e tab l i s sement r e l e v a n t du mi l i eu medical mais , dans ce de rn ie r c a s , un 
accord p r e a l a b l e du Min is te re de la Sant6 Publique ( S . C . P . R . I . ) e s t n e c e s s a i r e . 

3 . 3 . 2 . Modalites f inanc ie res 

Depuis 1972 nos p r e s t a t i o n s sont fac turees e t leur reglement e s t e f fec tue 
par un Service Centra l de 1 ' admin i s t r a t i on u n i v e r s i t a i r e qui prend done k sa 
charge l a s e c u r i t e de tou tes l es u n i t e s p lacees sous sa t u t e l l e . 

Cet te c e n t r a l i s a t i o n confere une grande souplesse h no t re ac t ion aupres 
des d l f f ^ r en t e s u n i t e s , c e l l e s ayant le plus de besoins n ' e t a n t pas forcement 
l es mieux f inancierement d o t ^ e s . 

Conclusions 

Le debut de no t re ac t ion e s t encore t rop recent pour que nous puiss ions 
cons ide re r que les modal i tes proposees se ron t def in i t ivement r e t enues , 

Compte tenu de no t re premlfere exper ience en mi l ieu u n i v e r s i t a i r e , nous 
esperons avoi r j e t e les bases d'une o r g a n i s a t i o n qui permet t ra d ' a t t e n d r e 
avec plus de quie tude d ' a u t r e s exper iences de mSme n a t u r e . 

Restant soucieux d ' amel io re r sans cesse t an t l a q u a l i t e de nos rappor ts 
avec 1 ' u n i v e r s i t y que c e l l e de nos s e r v i c e s , nous souha i t e r ions pouvoir p ro -
f i t e r de I ' expe r i ence de ceux qui se s o n t , a i l l e u r s dans le monde, penches 
sur ce mgme probleme. 
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EXPOSURES FROM RADIATION SOURCES 

OF NATURAL ORIGIN 

: cc u^OB/jrE :i iicp ZIFOB.UI:I3 

C. ..KpicioK, c\J,.̂ TTca-q:enEO, C.II.TapacoB, 
B^l.IHarioB, II.II.LaiaK 

.IiicTiiTyT paii;iiau;!ioHHOJ r-iriienn 
MiHiiGiGpcTBO sjroaBooxpaiieniiH PC^C? 
Jleiixiiroai, CGCP"̂  

Abstract« 

ionizing rad ia t ion in dwellings i s one of the main sources 
of r ad ia t ion effect on the population. Limitation or decrease of 
t h i s f ac to r may be done by s tandardizat ion of radioisotope con
centra t ion in bui ld in mater ia l s , Ganaia-spectrometrlc analyses 
for Sa-2255 !rh~232 and K-40 in X)0 samples of building mater ia ls 
from various regions of the USSE have been performed and p r e d i c 
t ed values of gamma rad ia t ion doses in buildings made of these 
materials have been calcula ted , l o evaluate the parameters de t e r 
mining a i r concentration of En in dwellings En acctimulation and 
mechanism of i t s r e lease have been studied* For l imi ta t ion of ex
t e r n a l gamma rad ia t ion leve l s in dwellings the following values 
of spec i f i c radioisotope permissible concentration have been 
sijggesteds lOj 7, 125 pCi7g for Ra-226j Q}h-252 and K-40 r e s p e c t i 
vely . Por l i i a i ta t ion of En concentration in dwellings perioissible 
l eve l of effect ive Ra-226 concentration ( t he product of Ra-226 
concentration by emanation factor) has been recommended 0»6 pCi/g. 

IIoHiisirpyiO êe iisTiy-qeKiie 3 :.Tjrix no-''e.'eH:inx jiBziHeTcn ofliimi as oc-
HOBHEX ^cTo-qiiincoB paTT-iamioiinoro BOSITG-CTBSii na nacGjieHEe* OrpaHH-
wen:ie luiii y îGiiBueiiiie DToro ^oicTopa BOGMO/aio ujiieKi HoprripoBaniiH co-
jiQ'£'-"jm-Asi paflHOKSOTonoB B cTpoi:c?eirbHiEi; naTGDiiajiax* 

iipoBCiceiiti r83'iM8--cne:i:TpoiMGTpxtieG:K::ie iicc'iiGi;oBaiiiiH coiTep -mnm. pa -
•i;nfi-226, Top-̂ ifi:-202 H icaTiim-̂ lO B LOO cdpasiJiax CTpoiliiaTepzajiOB H3 
pasouHHX pa'loHOB CCOP 11 pacHTiTaHii o:'ciD;a8"i,ie flooH ra"Ma-H3JiyqeHi/m 
B nof'exjeHiifEC, looTpoeHHHX 113 BTIEJ MaTep:ia)ioB. Jyis BbiHBieHiis napa-
MBTpoB, onpe";GJiHFLi,i-̂  coiep -aime paT;opa B BOGî rxe noveqeiiKl HsyqeH 
MexaiiiiGM HaKomeHim •GaioHa 11 nexaiLio^i panoEOBmGjreiiiifl:. 

)XKK orpapinsni/ffl: BHOUiiGro ra^c-a-i/is.'iy^eniKi B noMCJieHiiHZC iipeji;Troz{e-
HL! cjie-Tyioi;iie GiiaqeniiiijowcTirioro coiep: :aHim OTIGTIBHHX pa;n;iioii30To-
HOB: ^ a - 2 2 6 -~ ID; 7^ -232 - 7? K-4D - 126 ifiCn/r. .Ura orpaHme-
Hiiffl: KoiineiiTpamni pai^oHa 3 "JMBL^ no'ieineinLTc peKOMen'̂ oBaiio j^onycTiffloe 
DHaqeniie 3̂  ̂  SKTiOHOii KOHireHTpamiz pa^iim /iipoH3Be,n;eH:ie KOHD,eHTpa--
WDi paj];ii?i iia KOBU iimieHT or/a!i:ipoBaKi^, paBHoe 0^6 nlCii/r^ 
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mmon paioiia EBEESTCE paî OEOB-̂ T ^BEeiiEG CTGE E ECPBEPETIL,. 7T;GIBTIOG 
paT;oEOEEi;eieKne orpa/ ;eiEL. EEEriBTGE doTioe y^ooii ' '" EapaacTpoE, E O -
ci:oiBKy oro BSEEEHHa, E OTEEEEG OT i:oimeETpaij;E: pa-roiia, ir)aKTEEec-
KH EG SaBHCET OT BOGin/XOOdEBIia B EOMG'lOIEEI, S'TO drJTO yOTaEOB-IGEO 
B pesyjiBTaTB pacGnoTpGiiiiii MBxaiiEUMa paTT;oEOBiir];eyieErLE. TIpoii;ecG p a -
,7i;oHOBHT5eEeiiiia EOEHO paoysEiTB na ipa oTaEa: oMaiEipoBaiEie paipiia 
BO BHTTpeiiEEe EODH r/iaTepiiajia AOTIE aTOMOB panona, BuxomTEc BO 
BHyTpGHiiiis nopBi,"na3iiBaeTCE KOG c ĵmneETOi/i oyaEirpoBaiiiLa/ n m/^J-
3III0 pa3;oEa EO OTIDI Eopai.^ c BE.:OJI;6M ES MaTspnajia, TaxoB paGieEBHse 
onpaB4aiio TBM, ETO BiiyTpE lepeH lEniepajia j^j.^yoEH E K ^ B K ^ T KpaiV 
He MBflaeHHO /Koo^^^TnTiieiiT ITE, yoini ineeT EOPETTOK 10'"^'^ CM "^/oeK ^y« 
IIoGTOi^ pacifpoopaHHioTCE EO imTepiiaT^r TOUBKO TB aTOtra pajiioiiaj K O -
Topue BiiiiEH 3a GEGT oTiraEH npE ajiB" a -pacna ie paT^iia BO BHyTpeHmie 
noBH EaTspiiaia, ilpoirecc pacnpocTpaHeHiLa pa^ona EO EopaM MaTeppiaia 
OEECLiBaeTcxi yToaBHGHEer/ TIE ycini. llpE paocMOTpeiiini pan;oHOBHHeEeKiBi 
CTGH MO:EIO CEIITaTB, ETO .J^H"'ySHLiiI EGpsEoc panjOHa OCyiaeCTBTIHeTCE; B 
iiaiipaBEeiiiM, EepneiiiriiEj/EEpEori K noBeBXHOCTE CTGH / n o Koop.iimaTe 
3c/, rioTOKE panjoHa, napaTEGiBEne EOBBPXIIOCTE CTGHH^ Bsa:r,mo y p a s -
HOEemimaioT npyr wPY^s^f "a:c Kait sncoTa ii niipinia CTBHH sHaEETGiBHo 
doEBue es TOTiii:nin« 3 OTOM cx/Eao ypaBiiGiiBe TI;E ^ysiii MOEBT dPTB 
sanncai-io B BHUie: 

r;T;e 
/ 8 / 

• ^ C -t^ QZ^ / 7 / 

C o - MaKOEEaiiBEO BODiiOEJiaa KoimenTpairLa panona /ICE/CM / , 
L^R^ - KOHEBETpaEJEI paTrEH B IvBTBH^e /M/T/, 
J^ - EaOTIiOCTB 'STGpEa ia / r / C M * / ^ 

b - KO8"0Er;:eiiT oi^iaPiipOBaHiia /oTH»es»/f 
iT - nopiiGTooTB p.iaTBpiiaaa /OTIUBT]; , /^ 
% - KG O.J EEEGET flE'• yCIEI /QIA^/oQn/ 

Ba HaEa,T0 KoopTniaT iipininTa EOTiOBiEia rEvdiiHH CTBHH^^ 3 cniiy CHM~ 
MBTpiEi sa^aEE EOTOK pa^oHa npa 1 = 0 paseE u» OTOio^a CEB îiyeT EspBoe 
rpaETEiHoe ycEOBne Ur \ n 

- 0 / 9 / 
BTopoB rpaHiiEiioe ycEOEES rio;iio c op-iy inipoBaTB^ ncycofla ES dajiaii-

Ca aiCTEDEOCTE BHB CTeilLI. Bŷ GM CEETaTB, ETO ITIf g^BEE paiOIia H3 
CTBim pEUIElOl 2 d npOEGEOTTET B OrpaHEEBHHlIE BHSHIHPIlf OdBBM BJiy-
dlEloL C- . ^^'^^ EpOCTOTE E0:J10 EpEEETB, ETO Ha BIErOTTG HS OTBEH IipO-
ECXOiTIT iMTIIOBGEEOe BLTpaEirmaBEG r.OIIEeFTpaEEE pa^oHa. IIpE GTOM 
BTGpOB rpa^EiEHoe ycTOBEe EOEBT dETB caEEoaiio B BIETB: „ 

PeEBEEB ypoBEGiEia / ? / 0 rpaEiitfflFr^i ycTioBiuEm / 9 / n / l O / J^EH 
cTay;:oE3pHorc CEyEaa / dC/d'^ ~ ^ / ic^eeT B I ^ : 

r-̂ e ^ , :^,fSZ chJl^^XSh3 
o " V ^ c T TTTina nji ' yGiEij 

cZ =*• ^/dS^ " OTJiOEGIEie BEBEHerO K BHyTDeH-

Jj, = . <^/^p - OTHOmeiEie EOEOBIEIH TOEmHHH 
CTeiEI K ITEEIB JIM L_]jr3inî  

KoimsHTpan^ffl pa^oLa BO BEBIIEG" EO3^?XG /CI^ ^^^ /'w-ir-a.-i}.eTCE 
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HEH yieiBHOrO paiOHOBLIICeEBHIlJI B E-DSn;eaaX OT QO *^ ^/yS T];O 9O« 
EcnE /S iiBBei[iE:o, TO OTE iisMeHeHiia dyi^'T ECGEaEiiTBiBEBT, PeryEBTa-
TBI OKCEGpIEEGETaTIBEOrO OEOB HeJIBEILE "̂ TIEIBI Ĵ -IEV ySIEI pajlOIia B CTpOII-
TBTIBBBLE MaTBEIiaEaX E XapaKTepEIIS IT7E OTEX EaTOpEaiOB BBTEIEIEIBI /3> 
EpEBGTi;6Eu B TadE:iE,e J, 

Tadi^Eia 7 
TyiiEia IE ^-ysiEi paijOEa B CTpoETeTBiitix 

^'laTGEEaiax 

J 3 E 5 MaTopiiaiia 

Be TOE THJ/uBEHli 
BeTOH EerKici 
KpaCEin. KEpEEE 

Jyzma TI,E „y3EFi "*" iLapaKTepiiaa 
/p , ," TO.TiHHa o r p a ; i -

151 10; 13; 10 
29 | 28; 22 12 -i- 35 

15 50 

a d. 

0,2 - 0 , 7 
1,7 

UpiIH-LYiaE BO BIIEi':ailE6 HaiElLIG TadEEEE 1 IIOEEO saETiOETITB, ETO ,I1;EE 

do iBm:nicTBa orpagiGiiiLx paii;oiiOBEn;BieEne dyteT OEpefl;eiETBCE naKcii-
IiaJIBEO B03E0 'IlOr Be/EIEIElOl, KO.:Opaa EEEEGTCE .•'yilKIVIB-. TOIBKO G. -
lOBKTEBEO i EOHLTBETpaDJIE paiEE 3 CTEOu ISTCpEaiG. £ ' OICTEBEaE KOH-
ESiiTpaujLa paiiiE EBXEBTCE EapGEoipb % 3 r̂ odiiBif/i iTTLa KOETpoBE sa p a -
ETEOapCTEBEOCTBIO EOGiiyXa B EOEC.GEEE, EOCKOIBKy GG BOGEO "BO OEpG^S-
TTETB nj'TBM ECCEBTTOBaHEa HedoTBiLrL^ odpaBEPB EaTspEajia* 

BBiaHaEEOHIlLF/I MGTOSOM / E P E EGgG^̂ BEBHEE Ji;0 IieCKOIBEEX iw/ HaWE 
HSMBpena Ov/ Bp:TiiBHaa E0En,eBTpai5La paExa B BBCKOEBEILX secHTEax od-
paSHOB paOJIEEHBLX CTpOIITOilBIIbLX EaTGpEaTOB H paCGEETaHBI paBEOBeCHBIB 
KoimBHTpaEEE pa^oHa B noneueErBBX HB ;D;aHHBix MaTepEaiOB* PacneT KOE-
HGETpaHEH paTi;oHa EPOBO^BECE fl^a EOCToainioro BOGii^/xood^ieHa, paEHo-
r o I / E a c , -S/v = 1 , 5 , ToEqima orpa;-c'T;BHiiil E EIOTEOCTB IIJTE TageEoro 
H lencoro doTOEOB EpiiHEiEazrnQB cooTBeTCTBeiiHo paBHm/m 2 «^ = 10 11 
20 CM; P = 2^1 n 1,6 v/oit« JIJIE BCBX ocTaiBiiBix iiaTepiiairoB irpH-
HIBiaTOCL 2 d = 5 0 CM| f = 1 , 5 r/cM . PaHOHOBBneEBHIie CEHTaiOCB 
xaKCEMaiBiio BOSMOz'JiLM, KOHLTBETpaEEH paii;oHa B aTMOc, epHOM Bosayxe 
HB yEETLmaiacB. B ladEiinB 11 upejccTaBieHH TaK.:e snaEeBiiia KOocr^H-
EHeHTOB OMaHnpoBaHEE, paocEETaHHHe c EpiEBaeEBHEBM pesyEBTaTos" 
rajMa-cEeKTpoMBTpEEBCKoro OEpBTiBEeHTia koHEBETpanjni paj;iiH B ^aHHBix 
odpasHaJU 

TadEima 71 
3gjeKTTiBHaa KOHEeHTpaî Ea pa^iia B CTPOIITBEBBIBIX 
BiaTepiiaEax H pacECTHOB SHaEeinie KOEHeHTpaixiiH 

pai^OHa B EOHeifleHiiHzc 

THE MaTopnajia 

B B T O E TE:::ejrHii 
BeTOH EBrmni 
KpaCHIlli KFipEI'IE 
Kir^EHE CIMHEaT--
HHii 
Ty$ 
KirpniiE nyMBcpi-
TOBLIE 
nyMEEJIT 

3ai)SKT«K0Hn.6HTT)a- KOGfYiXEFteHT OMa-
njia paipifl „ HHpoBaHiTE 

MHH. 

0,8 
2,0 
0,8 
2 ,4 

3,5 

MaKCe 

12 
13,2 
5,1 
6,2 

10,2 

CP, • MEU' MaKCe Cp, 

4,1 0,4' 10,0 3,3 
5.4 0,4 10,0 2 ,1 
2 ,1 0,4 5,7 1,7 
3,8 4 ,5 8,0 ' 6,7 

6.5 1,8 6,0 3,6 
6,1 ^ » 5,8 

28,0 1 - - ' 9,0 

KoHTiBHTpamm 
pajioHa B n o -
iMeiieHiM Cuo 

/<lKu//r/ 
riiEH^I MaK» 

0,02^0,29 
0,7 0,4 
0,03 0,22 
o,ro 0,2^ 

0,15 0,43 
• ~ , " " 1 

cp. 
0,I( 
0.2 

o;oo< 
0,I( 
0,2i 

0,26 

1,2 

878 
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DOBaTB ESMspBEi/ie MOHTHOCTE JIOSH B MaccHsax OTpoiiMaTBEHajioB /KapBe™ 
pti, ciCTaflH, oTsajiH H np,/,I'l3 conocTaBEeHi'iH (/OP^̂ -̂  / ^ / H / 4 / c E e ^ -
BTjETO npeHjaOEBEHHB EOPMaTEEBI COOTBeTCTByiOT MOIllBIOCTE .HOSBI B 4-^ 
reoMeTpiE'i 47 MKp/Eac, }I^E GKOEepTHoro KOHTPOEE nepcEBicTEBiio IICEOEB-
soBaHEB BBicoKO-ciyBCTBETBUBBn̂ c raivMa-cEexTpoMBTpoB / a irpE odHapyseiiHE 
C0Ti;epi:aiiHff paTTiia:-226 doEee 5 Elfe/r — HGMepeHiie oMaiiiipoBaHPiE odpasEOS 

JIiiTBpaTypa 
I , IJJhTEBYiOT B, IIoHHSirpyioaiBe HGEyqeHEe eoTecTBBBiHBix HCTOEHEKOB. 

'HI "JocKBa IS59 
g pifesKlOM d'lIG OWsVlKLBEifi I lDE^EadiuAaltiga "bj^^aMsm^&rxa^ 

5# LOWDBR l»tt»gCOKDOi; 1»J* MeasiireB^fffc of tlie exposure a£ tam^ 

4* M ^ ^ E D f »t»^ m i C»E* Sa-feiiral mA aaB-made 'basiscoifflftt 3?adir 
a-feicm»̂  S a ^ a t i o a Dosime-fc:E3',5^401-#5l,lcad«ri.c Press.^ Mew l o ^ ^ i 

5» OHIBEl H» DeteifflteatiOB. of popula-feloB "taxdaa % B a t o r ^ ej*er--
a a l xad ia t ioa ou t i e tecradtoxi of SBS* KeEnemersie^ 15^5,91-9^70) 

6» SPUBS F»l»* MJHUaa M»J*vAELiSI I>3i. lSirfi3X>a»bal gaata-afay io»-
s e t 0 pOipilaixo®S| s i ave j s aade m t k a forta'ole ffle-bear* Ma-tairal 
Saiiatioa-laaiViroffifflibjEP 8S5-905,1*lie UBIT* of CM.eago P re s s %3m 

?• (SJM. 1»A»« TOTi ffilB®, WIlBSMii. B e c r e ^ e of lacimaiA^ ab0««cs 
aiffli loM&amxm at eosmc r ay w s d ^ l^&s& of i ea i . 8®sL iwm# 
P ^ s i e a , 5, 627 - « ^ g 1936* 
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EYE EXPOSURE FROM THORIATED OPTICAB GBASS 

Robert C. McMillan and Steven A. Home 

U. S. Army Mobility Equipment Research & Development Center 

Fort Belvoir, Virginia 22060 

Abstract 

During a routine radiation survey of equipment with some 
optical components the Health Physicist was surprised to find a 
large reading on an ionization survey instrument. Significant 
radiation was also observed on a beta-gamma instrument. The 
source of the radiation was identified as thorium in high quality 
optical glass. Similar equipment was examined, but not all items 
produce readings on the survey instriiments. 

Thorium is added to the glass, in amounts up to 30% by 
weight, to provide improved optical properties. Similar results 
may be obtained by using other heavy elements. Thorium is carried 
as an impurity with some of these elements and the thorium concen
tration may be greater than 0.05% by weight. 

Since the glass is used in an eyepiece, the amount of 
exposure to the eye should be investigated. The decay chain of 
thoriiim contains alpha, beta, and gamma components. Both the 
alpha and beta components are largely attenuated by the glass. 
The alpha particles that reach the eye will be absorbed in a thin 
surface layer, less than 100 microns, the beta components extend 
over a larger distance, and the gammas will produce almost 
constant exposure over the entire eye. 

The beta-gamma exposure rate was determined by thermo
luminescent dosimetry (TBD). The measured exposure rate was 
1 mRem/hr averaged for 123 hours exposure at the surface of a lens 
which contained 18% thorium by weight. 

A computer model for the emission of alphas from the glass, 
the absorption in air and the final absorption in surface layers 
of the eye provides a technique for examining the amount of 
exposure at different depths below the surface of the eye. The 
results of the model will be compared with experimental results 
from alpha spectroscopy. 
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Although the alpha particles come from only a small surface 
layer of the glass, the absorbed dose rate at the surface of the 
eye may be 50 to 1000 times greater from alpha than from beta-
gamma radiation. The size of the lens, and the eye to lens 
distance determines the number and energy distribution of the 
alpha particles reaching the eye. 

To reduce exposure to the eye, thin non-thoriated glass 
shields were inserted between the lens and the eye. The results 
of TBD and alpha counting with and without the shielding showed 
a complete removal of the alphas. 

Introduction 

Our introduction to thoriated glass came as a request to 
survey some electro-optical equipment with high internal voltages. 
There was no anticipation of external radiation, but the survey 
was conducted and 4-5mR of radiation was detected on an ionization 
type of survey instrument. The eyepiece of the equipment was 
removed to eliminate some shielding and to bring the survey 
instrument closer to the expected source of the radiation. 
However, the radiation level decreased. This process of elimina
tion led to the optical glass as the source of the radiation. 
Significant radiation was also observed with beta-gamma instrumen
tation. Identification of the thorium as the source was 
accomplished by gamma ray spectroscopy. 

After the thoriated glass was identified, similar electro-
optical equipment was surveyed. Some of the equipment gave 
positive readings and others were within the natural background. 
The specifications of the optics were checked, but there were no 
requirements for thorium. 

Thorium is added to glass, up to '30% by weight, to provide 
improved optical properties. Specifically, glasses with an index 
of refraction greater than 1.65 and with the product of Abbe 
constant and index of refraction greater than 70 are often made 
with thoritim. Other heavy elements may be used to obtain similar 
results. When some of the lanthanide compounds are used, thorium 
is often contained as an impurity and the thorium concentration 
may exceed 0.05% by weight. 

The use of thorium in optical glass raises few problems 
unless the glass is an eyepiece. When thorium is in the eyepiece, 
the eye is exposed to all of the radiation generated by the 
thorixim decay chain - Alpha, betas and gammas - and the associated 
bremsstrahlung radiation. Initially we considered only the beta-
gamma component. 

The alpha exposure presented a special problem. The high 
concentration of thorium gave a high flux of alpha particles. 
Harvey-^ raised questions on the external radiation hazards of 
alpha particles. He evaluated plane sources of alpha activity on 
the skin surface. Witten and Sulzberger^ investigated the mode 
of action of^thorium on human skin. They found that the thorium 
was carried into the epidermis. In contrast to the broad surface 
contamination and the penetration effects. Dean and Langham^ 
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concentrated on the exposure of the skin to particles of high 
specific activities. None of these studies provided direct data 
for evaluating eye exposure from externally originating alpha 
particles. 

In the present study we investigate the exposure of the eye's 
surface from alpha particles emitted by small quantities of 
thorium uniformly distributed in glass. A model of the emission 
and absorption processes of alpha radiation will be developed and 
the exposure at various layers of the eye's surface will be 
calculated. Comparison of the theoretical values and some 
experimental data will be included. 

Thorium Concentrations 

Glass manufacturers publish catalogs of glasses. Some of the 
concentrations approach 30% by weight. The performance character
istics of the optical elements that were in use did not require 
the thoriated glass. However, it was recognized that some thorium 
may be included in trace quantities. The uncertainties associated 
with thorium in glass have led us to set a preliminary level of 
0.05% thorium by weight. A survey meter identifies glass with 
large thorium concentrations, but is ineffective in identification 
of trace quantities. Gamma ray analysis was not effective on 
highly thoriated glass to yield the correct percent of thorium. 
This reflects the lack of secular equilibrium. For trace concen
trations, the counting for gamma analysis becomes prohibitive. 
X-ray flourescence provides a technique for obtaining the thorium 
concentration. To be accurate, thoriiim standards in glass 
matrices similar to the unknown are required. 

Beta-Gamma Components 

It was recognized very early that the radiation levels 
observed with the ionization chamber contained a contribution from 
the alpha particles. This was most easily observed by placing a 
thin sheet of paper between the glass and the gauge and noting the 
reduced instrument readings. In an attempt to obtain a better 
measure of the beta-gamma exposure rates, thermoluminescent dosi
meters (TLD) were placed on two lenses. Total exposure time was 
24 hours. These initial measurements included some alpha excita
tion of the phosphors. A second set of measurements was made with 
a boro-silicate flat glass 2.8mm thick. The exposure time was 123 
hours. The results of these measurements along with the alpha 
count rates are shown in Table 1. The radiation that can be 
assigned to beta-gamma is about ImR/hr. 

Table 1. Glass shielding effects 
Lens area 6.77cm 

Lens Th Concentration TLD (mR/hr) Alpha (counts/min) 

No Shield Shield No Shield Shield 

82291 18.1 5.71 0.98 1700 0 

86200 18.4 6.45 1.39 2100 0 
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These lenses have a mass of 27,2 grams. The gamma radiation 
will be proportional to the mass and thorium concentration. The 
beta component will be absorbed by the glass. Even the most 
energetic beta will not penetrate more than 2.5mm of the glass. 

Alpha Radiation 

The major portion of the survey instrument reading may be 
explained by alpha radiation. However, the relationship to 
absorbed dose does not follow from the instrumental reading. In 
this section, we will derive the number of alpha particles leaving 
the glass surface, identify the number reaching various depths 
within the eye, and the associated absorbed dose rates at these 
levels. Lens to eye distances, and thorium concentration strongly 
influence these results. 

Range of Alpha. 

The range-energy relationships for glass and tissue were calcula
ted for specific energies by a computer program using the 
procedures outlined by Neufeld, et al̂ . The program was checked 
by comparison with the tables for proton ranges in soft tissue 
given in the reference. The alpha range in soft tissue was com
pared with Walsh's results and demonstrates excellent agreement. 

The range of alphas in glass is dependent on the glass composition. 
The chemical composition of a lanthanum glass containing a trace 
quantity of thorium is shown in Table 2. Small changes in the 
thorium concentration will have negligible effects on the range 
of the alpha radiation in the glass. 

Element 

La 

CA 

0 

As 

Zr 

Th 

Table 

Percent 

35 

35.7 

23.2 

3.8 

2.2 

0.1 

2. Glass Chemical Composition 

Density = 3.64 g/cm 

9 
Atoms/cm 

5.51x10^1 

1.95x10^^ 

3.17x10^^ 

l.llxlO^l 

5.29x10^° 

9.45x10-'-̂  

Atomic 

57 

20 

8 

33 

40 

90 

No Atomic Wt 

138.9 

40.08 

16 

74.9 

91.2 

232.0 

Even large interchanges between the lanthanum and thorium in per
cent by weight will have only small changes in the range provided 
the density remains constant. When the density changes, the range 
may be calculated as follows; 

R^ = R(%ii) 
N 

where Pj, is the new density and Rĵ  is the new range. 
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The values for the range-energy for glass, air and tissue are 
given in Table 3. These values will be used in the subsequent 
calculations. 

Table 3. Alpha - Range-Energy 

Energy 
(MEV) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Alphas 

Glass 

.25 

1.75 

5.57 

10.25 

15.25 

20.75 

27.25 

34.25 

41.75 

emitted from 

^m) 

glass. 

Range 
Air (cm) 

.5 

1.0 

1.625 

2.42 

3.5 

4.64 

5.95 

7,34 

8.04 

Tissue ^im) 

4.2 

9,8 

16,4 

25.1 

35,5 

47.2 

61.1 

75.5 

91.75 

For the calculations that follow, the lens is considered as a 
flat circular glass disc with trace quantities of thorium uni
formly distributed throughout. Thoritim - 232 is taken in secular 
equilibrium with all of its daughter products. Although gamma 
analysis raised doubts that equilibrium exists, the use of this 
assumption will produce a maximum alpha emission. 

Although the total number of alpha particles that leave the sur
face of the glass is important, we will calculate only those that 
are directed to an element of the eye's surface. Three distances 
then become important: X^, the shortest distance between the eye 
and the lens; Xg, the distance the alpha travels in the glass; and 
the Xt, the distance in tissue below the surface of the eye. 

Let N(E) be the number of alpha particles emitted per cm with an 
energy E. The number, dN̂ ,, from an element of volume and directed 
toward the selected surface element of the eye, dA, is given by. 
ĵj ̂ N(E)dE(2]r(X^+Xg^)sin@/cose) ((X.J.+X )/cosede) cosGdAcosGdX 
c -^ 

4ir((x^+x )/cose)'^ 
=(N(E)/2)(sinGcos^0de)dAdXgdE 

where 0 is the angle between the eye to glass normal and the eye 
to volume element. This equation may be integrated over the vol
ume of the lens and over the energies to give the total number 
emitted directed toward the surface element of the eye. All of 
the alphas emitted will not reach the eye. Absorption of energy 
begins in the glass, with no alphas originating at depths_greater 
than 4Ĉ um every reaching the surface. Additional absorption 
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occurs in the air and finally in the surface layers of the eye. 
The energy distribution of the initial alphas is known, but as 
absorption occurs, the energy spectrxim changes. 

A computer program was written to perform the integrations and 
calculate the rate and energies of alphas reaching various layers 
of the eye from different sizes of lenses. This program also 
calculates the absorbed dose rates at each of the layers. 

Results 

Table 4 summarizes the output for the model of a lens 3cm in 
diameter containing 0.005% thorixim. 

Table 4. Eye Exposures from 3.0cm 

Diameter Lens with 0.005% Thorium 

0.1cm Eye to Lens 3.0cm Eye to Lens 
Eye 
letration 

0. 

5. 

10. 

15. 

20. 

25. 

30. 

35. 

40. 

45. 

50. 

55. 

60. 

Alpha 
I Count 

cm~2hr"-'-

5,52 

5.03 

4.14 

3.25 

2.48 

1,84 

1.32 

.91 

.62 

.41 

.29 

.20 

,14 

Absorbed 
dose rate 
/I rad hr -'-

155.62 

150.50 

124.97 

97,44 

74,34 

55,95 

39,97 

27.30 

18.43 

12.29 

8.46 

6.05 

4.42 

Alpha 
Count 
cm~-̂ hr~-'-

.612 

.443 

.320 

,223 

.158 

.114 

.089 

.069 

,043 

.011 

0.0 

0.0 

Absorbed 
dose rate 

HJL rad hr~ 

16.220 

11.632 

8.480 

5.888 

4,173 

3.006 

2.577 

2,144 

1.473 

.376 

0.0 

0.0 

The 3,0cm eye to lens distance is typical of the operation of some 
of the systems we investigated. The 0.1cm data are included to 
obtain some indication of radiation levels at the surface of the 
glass. 

The energy spectrum at the surface of the eye changes with the eye 
to lens distance. The peak of the energy occurs around 4 Mev and 
0.5 Mev for the 0.5cm and 3.0cm distances respectively. 

887 



Discussion 

The 1700 alpha counts/min for the lens in Table 1 may be 
compared with surface count rate in Table 4 by proportions of 
percentages and correction for area. For the first lens the 
calculation is as follows; 

(1700 counts/min) (.005%) (60 min/hr)=4.76 counts hr~lcm~2 

n^i%TT6:7T55F) 
-1 -2 

In a similar way, the second lens yields 5.06 counts hr cm 
Both of these numbers are lower than that given in Table 4. The 
alpha survey instrument used to measure the count rate has a 
1.5mg/cm^ window. This window will be effective in shielding low 
energy alphas from the detector. The agreement between the 
measured and computed values is excellent considering the window 
thickness and the differences in concentration. 

About half of all incoming alpha particles are stopped and 
two-thirds of the energy is deposited in the first IBjam of the 
surface. This includes the tear layer C^im) and part of the 
epithelium. The first mitotic layers occur about 45iam below the 
surface. Even with the lens at the surface of the eye, only one 
particle will reach this depth every two hours for each cm2 of 
surface. 

All of the data was reported for 0.005% thorium. The data 
may be multiplied by 10 to obtain the results for 0.05% or other 
appropriate factors to obtain values for other thorium concentra
tions. Smaller diameter lenses will reduce the alpha flux, but 
not in a simple relation to area. 

In comparison with the alpha absorbed dose, using the data 
from Table 1, the beta-gamma component is 0.;^ rad when corrected 
to .005% thorium. At the surface, this represents a factor of 
100-1000 less. At the first mitotic cells the two dose rates are 
about the same. 

Summary 

Over 90% of the alpha radiation is absorbed before it 
reaches the first mitotic layer of the eye. From the data pre
sented, the absorbed dose in the mitotic layer may be calculated 
and integrated over exposure times. No attempt has been made to 
relate these values to exposure criteria. 
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DOSIMETRIE DES RAYONNEMENTS COSMIQUES A BORD DU TRANSPORT SUPERSONIQUE 
CONCORDE 

H. FRANQOIS (l), R.P. DELAHAYE (2), P. SIMON (3), G, PORTAL (l) 
H. KAISER (4) et P. DURNEY (5) 

Abstracts 

Dosimetry of radiation on~board the French prototype supersonic trans
port Concorde 001 was performed during the aircraft's test flights from its 
Toulouse base. 

The supersonic transport medical subeotnmittee of the General Secretariat 
for Civil Aviation directed these radiation measurement activities. Actual do
simetric operations were conducted by different specialized laboratories emplo
ying the following systems and techniques : 

1 - "Passive" integrator dosimetric systems 

a/ Nuclear emulsions in which each event is individually analyzed. 

b/ Stacks of nuclear emulsions of varying sensitivity which permit obtai
ning ionizing-particle distribution as a function of their TEL. 

c/ Radiothermoluminescent dosimeters. 

d/ Fast-neutron dosimeters. 

2 - Dose-rate recording systems. 

The authors analyze, compare, and comment upon results obtained. In addi
tion, the dosimetric problems posed by possible solar flares and their effects 
upon flight plans, are discussed. 

Conclusions are drawn relative to the possible dosimetry techniques to be 
employed in identifying radiation protection problems on-board the SST. 

Introduction 

Les avlons qui evoluent a des altitudes superieures h 15 000 metres sont 
soumis h une irradiation naturelle differente de celle habituellement observde 
dans les couches basses de 1'atmosphere. 

La trhs prochaine mise en service des avlons de transports supersoniques 
commerciaux (T.S.S,) accrottra le nombre des personnes exposees car I'efficaci-
t6 de I'icran que forme 1'atmosphere terrestre aux particules du rayonnement 
cosmique est tr&s diminu^e S 1'altitude de croisiere de ces appareils. 

Ce probleme radlobiologlque se pr^sente sous deux aspects : d'une part il 
faut connaltre le rayonnement cosmique permanent auquel 1'avion est soumis dans 
les circonstances normales, d'autre part, il faut pouvoir d^tecter sans delai 
les Irradiations anormales cons^cutives h certaines eruptions solaires. Ces der-
niferes indications doivent pouvoir §tre explolt^es tres rapidement par les Equi
pages. 

Nous risumerons dans la premiere partie de cet expose les connaissances 
acquises sur le rayonnement cosmique et nous exposerons ensuite quelles sont les 

(1) H.FRANCOIS, GTPOR^^""s~ervice TechnTque~d~'Etudes de'Protection Vt'"7e'Pollu^ 
tion Atfflospĥ rique - Section de Dosimetrie Physique - Centre d'Etudes Nucle-
aires de Fontenay-aux-Roses - France -

(2) R.P.DELAHAYE, Professeur du Service de Sant^ des Armees, Hdpital Begin, 94 
Saint-MandS - France -

(3) P.SIMON, Service des Ursigrammes - Observatoire de Meudon - 92 Meudon-France 
(4) H.KAISER, Laboratoire de Physique Corpusculaire du Centre d'Etudes Nucleal-

res de Strasbourg - France -
(5) P.DURNEY, Service Mixte de Securite Radiologique - Mortlhery - France -
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•mesures dosimetriques que nous avons entreprises et realisees a bord du proto
type CONCORDE GOT. 

I - Composition physique du rayonnement cosmique a 1'altitude de croisiere de 
Concorde 

Le rayonnement co.'̂ inique qui atteint 1'atmosphere terrestre peut avoir deux 
origines : I'une galactique, 1'autre solaire. 

A/ Rayonneroent: cosmique galactique 

Ce rayonnement est conptitue de particules de grande energie : 
- 80 a 85 % de protons 
- 15 a 19 % d'helions 

et des particules lourdes Fe, Mg, C, 0. . 
Lorsqu'ils penetrent dans 1'atmosphere les noyaux sont desintSgres au cours 

de reactions nucleaires avec I'oxygene et 1'azote de I'air et il apparalt des 
particules secondaires : neutrons, mesons,-hyperons. Le nombre des particules 
secondaires augmente progresslvement, passe par un maximum vers 18 000 - 20 000 
metres d'altitude et diminue ensuite du fait de 1'absorption atmospherique, 

Les particules du rayonnement cosmique galactique sont soumises a la distri
bution et aux variations du champ magn^tique dans le systeme solaire. Leur in
tensity varie a la surface de la terre selon le temps, la latitude et 1'altitude 

Variations dans le temps 

Lorsque les zones actives du soleil emettent des nuages de plasma, on obser
ve des reductions de 1'intensity du rayonnement cosmique galactique. Ce sont les 
rSductions de FORBUSH. 

Variations avec la latitude 

Le champ magn^tique de la terre empSche les particules chargees de franchir 
les lignes de forces sous une inclinaison superieure a un angle donnfi. 

L'intensite du rayonnement cosmique galactique est maxlmale au p81e magne-
tique et minimale h I'equateur g^omagnetique. 

Variations avec 1'altitude 

Celles-ci sont consScutives aux epaisseurs d'atmosphere traversSes. 

B/ Rayonnement cosmique solaire 
Une eruption solaire se manifeste en fait par une augmentation de la bril-

lance d'une certaine surface de la chromosphere. La dimension et 1'intensity du 
phenomena definissent assez bien 1'importance de 1'eruption solaire. On pourrait 
egalement considerer sa duree. 

La frequence des eruptions est 116e h I'activlte solaire qui est un pheno
mena cyclique. Les deux derniers maximums ont eu lieu en 1957 et en T968 et les 
minimums en 1954 et 1964. 

En juillet 1970 on a observe 500 eruptions, tandis qu'il n'y en eut que 3 
en 1964 qui eurent toutes lieu le mSme jour. 

r'ans certains cas, les eruptions solaires provoquent des phenomenes radio-
actlfs qui se produlsent au voisinage de la chromosphere et qui s'etendent dans 
la couronne solaire. Ces eruptions s'accompagnent d'Amission de particules, pro
tons et electrons, qui sont accelerSes et portees a des Energies considerables 
(de I'ordre du GeV). 

Une emission de rayons X de quelques dizalnes de keV se propage alors dans 
le milieu Interplanetaire. 

Pour 1'habitant de la terre, les manifestations des Eruptions solaires sont 
rares. Les emissions de rayons X se produlsent lors d'une eruption sur 200 et 
les arrivees de particules ont lieu pour une eruption sur 1000. Cecl est du a 
1'action du champ magnetique et de 1'atmosphere terrestre. Le rayonnement X est 
absorbe par les couches les moins denses de 1'atmosphereCvers 80 000 metres) et 
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11 ne penetre pas au-dessous de 30 000 metres. Ce sont les ions creSs qui per-
turbent les ondes radioeiectriques. 

Quant aux particules chargees, leur penetration augmente avec la latitude ; 
seules celles qui ont une energie tres eievee (quelques GeV) peuvent atteindre 
la surface de la terre aux latitudes moyennes et equatorlales. 

Aux altitudes de croisiSre des avlons supersoniques, la protection n'etant 
pas suffisante, ces evenements doivent gtre pris en consideration. 

La prevision et 1'identification des evenements solaires est faite en per
manence par des equipes travaillant en collaboration Internationale. 

De 1966 a 1968, six a huit evfenements auraient ete detectables a 1'altitude 
de vol du Concorde soit 3 4 4 pour 10 000 eruptions, 

II ~ Moyens dosimetriques utilises , 

La complexite du probleme dosimetrlque posi et sa nouveaute ont conduit les 
responsables de la sous-commission medicale "Concorde" S. faire appel aux spicla-
listes de differents laboratolres qui dans une large concertation scientlfique 
et technique utlliserent les avantages compiementaires de I'experience acqulse, 
du savoir-faire et des equipements dlsponlbles. 

Deux types de dosim&tres ont Sti utilises. Une premifere categorie que nous 
appelons des dosimfetres "passifs" qui integrent et gardent en memolre les eve
nements et une autre categorie qui s'apparente aux appareils de mesure et qui 
donne k chaque Instant du vol les indications sur l'intensite du rayonnement. 

1/ Dosimetres passifs 

a/ Ensemble dosimetrlque pour les particules chargees et les ions lourds 

Il est constitue par des emulsions nucliaires et par des matleres plastiques 
qui permettent de determiner les doses dues aux particules chargfies. 

Le systfeme dosimetrlque maintient h. I'abri de la lumifere un empilement cons
titue d'une emulsion nucliaire Ilford K5 d'une epaisseur de 100 micrometres et 
5 pelllcules de nitrate de cellulose de 200 micrometres d'epaisseur. 

Dans le type d'6iiulsion nucleaire utilise toutes les particules chargees 
qui composent le rayonnement cosmique, electrons, mesons, mesons charges, pro
tons, particules o<., ions lourds mime s'ils sont au minimum d'lonlsation, sont 
enreglstrees et laissent une trace apres developpement. 

Les cinq pellicules de nitrate de cellulose servant ensuite k determiner le 
flux des ions lourds. 

b/ Ensemble dosimetrlque pour les neutrons 

Nous avons utilise le doslmetre photographique CEA/STEPPA contenant une 
emulsion nucleaire NTA pour determiner la"dose neutron" due au rayonnement cos
mique. Sept de ces dosimetres sont places sur les sangles des parachutes des 
equipages. 

Deux dosimetres temoins sont conserves au sol. 
Le dispositif complet est renouvele chaque mois. 

c/ Ensemble dosimetrlque pour les champs electromagnetIques et les parti-
cule_s_ ionisantes 

Dans une premlfere approche du problfeme qui nous etait pose, nous avons es-
saye de mesurer la dose absorbSe due & la composante eiectromagnetlque du rayon
nement cosmique. 

Nous avons utilise des dosimetres radiothermoluminescents au fluorure de 
lithium et au sulfate de calcium et nous avons egalement embarque des empile-
ments d'emulsions nucleaires a sensibilite variable afin de determiner le spec
tre de transfert llneique d'energie des particules ionisantes. 

Nous utilisons les emulsions : 
- K5 : pour 1'enregistrement de toutes les particules ionisantes, 
- K2 : pour 1'enregistrement des particules dont le TLE est superieur 
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k 1 keV par micromfetre (dans I'eau) 
KI : pour lenreglstrement des particules dont le TLE est superieur k 

6 keV par micrometre 
KO : pour 1'enregistrement des particules dont le TLE est superieur k 

8 keV par mlcromfetre. 
Ce systfeme avait deja ete etudie et est utilise au C.E.A. pour la dosime

trie aupres des grands acceierateurs (l). II a fallu 1'adapter au probleme pose 
du fait de la faiblesse du niveau des doses enreglstrees. 

Nous avons dil etudler une methode d'effacement du bruit de fond des plaques 
nucleaires. Cette methode a etg recemment mise au point et les essais effectues 
auprfes de 1'acceierateur Saturne ont donne pleine satisfaction. 

La filtration totale correspondant aux divers emballages et supports des 
emulsions est de 450 mg/cm^ environ. 

2/ Dosimetrie par enregistrement des debits de dose 

a/ Systemes d'enregistrement du ciebit de dose dfl aux neutrons et aux 
rayonnements gamma - VAMEGA 

On a utilise un materiel appeie VAMEGA deja employe depuis plusleurs annees 
sur les avlons subsoniques longs courrlers. Ce dispositif a ete modifie pour 
assurer la mesure des neutrons. II comprend un detecteur gamma qui est un tube 
Gelger-Muller, associe a un detecteur k helium 3 entoure d'un modirateur en po
lyethylene. 

b/ Detecteur de bord AtlRE instalie sur tous les avions__Concorde 

Ce detecteur a ete congu par 1'United Kingdon Atomic Energy Authority, 
Atomic Weapons Research Etablishment (A¥RE) a Aldermaston (2). Il indique le 
debit de dose en mrem/h sur une echelle logarithmlque k 4 decades allant de 0 
a I 000 mrem/h. Il comporte egalement un affichage digital de la dose cumuiee 
en mrem. Trola tubes Gelger-Muller permettent de mesurer la dose due aux par
ticules chargees et aux gamma, un facteur de qualite egal a 1,5 etant automa-
tiquement applique ; un compteur proportionnel au trlfluorure de bore avec 
modSrateur en polyethylfene permet de mesurer la dose due aux neutrons en uti-
lisant un facteur de qualite egal a 10, Apres traitement, les slgnaux des 2 
systemes de detection entrent dans une vole de comptage unique. L'echelle de 
I'indlcateur est divisee en zones "normale" "alerte" et "action ; le niveau 
d'action etant relie au systeme d'alarme central de I'avion. La definition de 
ces 3 zones est en cours d'etude. Sur I'avion prototype, le signal de sortie du 
detecteur de bord est egalement enregistre sur I'Squipement central d'enregis
trement d^essais en vol (QS system) de fagon que I'on pulsse faire des lectures 
de duree de vol et de debits de dose a des altitudes seiectionnees. 

Ill - Resultats et discussion 

1/ Resultats obtenus avec les ensembles dosimetriques constitues par les 
emulsions nucleaires K.5 et les plaques de nitrate de cellulose 

Des le retour au laboratoire des dlspositifs d'exposltion a-la suite d'une 
experimentation d'un mois, les emulsions nucleaires Ilford K5 de 1 000 microme
tres d'epaisseur sont exposees a la lumlere blanche parallele passant a travers 
le negatif d'une grille mlllimetrique codee. La grille impressionnee sur une 
des faces de la pellicula d'emulsion nucleaire determine un systfeme d'axes de 
reference qui permet de faire toujours des mesures dans les mSmes conditions et 
dans des volumes d'un mm-̂ . Les traces dues aux particules chargees du rayonne
ment cosmique, observables dans 1'emulsion nucleaire, sont soit granulaires, 
soit continues. Ces phenomfenes sont fonctlon de 1'energie et de la charge des 
particules. 

En tenant compte de I'epaisseur avant developpement et de la grille, on 
mesure, sous microscope, la longueur en projection des traces traversant un vo
lume d'un mm^ d'emulsion nucleaire ou s'y arrStant, les coordonnees des points 
d'entree et de sortie ou d'arrgt des traces alnsi que I'epaisseur de I'Smulsion 
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nucleaire apres developpement dans la zone du volume considere. Ces mesures 
sont effectuees dans 10 volumes d'un mm^ preseiectlonnes par la grille sur cha
que emulsion nucleaire contenue dans un dispositif d'exposltion. Les longueurs 
en micrometres sont calcuiees a partlr de ces mesures. Les traces se trouvant 
dans le volume d'un mm-' d'emulsion nucleaire correspondent k des particules 
presentant une perte specifique d'energie par unite de longueur variable ou non 
le long de leur trajectolre. En considerant des pertes specifiques d'energie par 
micrometre, la sommation de ces grandeurs sur toute la longueur de toutes les 
traces nous donne I'energie totale "deposee" dans le volume d'un mm-̂ . La perte 
d'energie par unite de longueur peut Stre determlnee experimentalement par des 
mesures de granularite ou des mesures photometriques. Ces travaux ont deja ete 
faits dans le cas des emulsions nucleaires exposees a bord des cabines spatia-
les Appolo. 

Mais le temps necessaire k ces mesures est tr&s grand et Incompatible avec 
un depouillement mensuel. De plus, dfes le debut de cette exploitation, on a cons
tate que le nombre de traces continues est de I'ordre de 10 p.cent par rapport 
au nombre total et que le nombre des ions lourds est nul. Cette constatatlon a 
conduit a employer une mfithode plus rapide. 

En partant des fins de traces de protons d'acceierateurs, d'energie inltla-
le de 150 MeV, enreglstrees dans 1'emulsion nucleaire Ilford K5, on a determi
ne le parcours residuel pour lequel les traces de protons passent de I'etat gra-
nulaire a I'etat continu. Il est de I'ordre de 70 micrometres, ce qui corre^cnd 
k une energie du proton de 3 MeV et une perte specifIque d'energie de 24,2 keV 
par micrometre. Rappelons que la perte specifique d'energie des protons au mi
nimum d'ionisation est de 0,549 keV par mlcromfetre. 

En multipliant la somme des longueurs de toutes les traces contenues dans 
le volume d'un mm- par la valeur 24,2 keV par micrometre, nous obtenons la 11-
mite superieure de I'energie totale "deposee". Un volume d'un mm^ d'Smulslon 
nucleaire a une masse de 3,8.I0~~'g. Par definition, un rad correspond a une 
energie de 6,24.I0l3eV "deposee" dans un gramme de matifere. La dose en millirad 
est done egale k : •» T 

Energie totale "deposee" x 10 x 10 
-——^..^^-—^ 

Les doses maximales dues aux particules chargees calcuiees selon cette me
thode sont donnees dans le tableau I. Ces valeurs sont les moyennes obtenues k 
partlr des ID volumes d'un mm3 examines dans chaque emulsion nucleaire d'un dis
positif d'exposltion. Ce tableau indique le nombre d'heures de vol au-dessus de 
12 000 m&tres d'altitude. 

II est important de noter que sur 1'ensemble des emulsions exploitees de 
1970 k 1973, nous n'avons jamais repere de trace d'ion lourd. 

2/ Resu 1 t_a_ts_obtenuŝ  avec_Ĵ ŝ__dosimetreŝ ^ ,^—.§S.S.j:£.J-.?I!. 3]-A 

Par I'intermediaire de la mSme grille millimetrique, on determine le nombre 
moyen des traces contenues dans 10 surfaces eiementaires d'un rair. 

Pour ces films et pour les neutrons d'energie comprise approximativement 
entre I et 10 MeV, on admet d'apres les resultats experimentaux que 127 000 
traces par cm^ correspondent k 1 rad ; 1,27 trace/mm2 correspond done k 1 milli
rad. II n'est toutefols pas possible de determiner la dose due aux neutrons du 
rayonnement cosmique k I'aide de cette equivalence. En effet, les resultats ex
perimentaux ont ete obtenus avec des flux de neutrons purs, alors que les neu
trons ne constituent qu'une partie du rayonnement cosmique. L'emulsion NTA uti-
lisee n'a que 40 micrometres d'epaisseur, L'examen detailie de l'emulsion 
nucleaire K5 de I 000 micrometres d'epaisseur a permis de determiner que 90 p. 
cent des traces sont des traces de particules chargees et non des protons de 
recul. Il y a done lieu de considerer que 0,127 traces par mm^ correspond k I 
millirad, Le tableau (I) donne les doses en milllrads dues aux neutrons dans le 
poste de pilotage. 
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3/ Rgsultats obtenus it I'aide de I'ensemble dosimetrique pour les champs 
electromagnetiques et les particules ionisantes 

Trois ensembles dosim^triques sont places a bord de 1'avion : 
- un a 1'avant, 
- un autre au centre, 
- le troisifeme h I'arriere. 

^/ Dosimetres radiothermoluminescents 

Le tableau de la figure n° 5 donne des examples de rSsultats de mesures ef
fectuees h. I'aide des dosimfetres au fluorure de lithium (3). 

On constatera que les doses mesurfies sont trfes faibles et tres proches de 
la limite inferieure de detection. La duree des vols k haute altitude a etS in-
suffisante pendant nos essais ; il s'ensuit que la part de 1'irradiation subie 
lors des vols est trfes faible par rapport h celle regue au sol pendant la perio-
de d'integration (7 semaines environ). Nous estimons que la marge d'erreur de 
ces mesures est de ce fait assez grande (coefficient de variation Sgal h 40 p. 
cent). 

Pour diminuer celle-ci, nous avons decide d'utiliser lors des vols du second 
semestre 1972, un produit nettement plus sensible, le sulfate de calcium activS 
au dysprosium, Ce dernier est en effet trente fois plus sensible que le fluoru
re de lithium et, bien que n'etant pas "equivalent aux tissus mous", il nous a 
donng d'excellents rfisultats lors des mesures effectuees sur des vols de ballons 
(4) pour le compte du Groupe Europgen de Biophysique Spatiale. En effet, aux al
titudes ou sont effectuees ces experiences, la contribution des rayonnements 
ilectromagnitiques de faible energie est tout a fait negligeable. Quant k la sen-
sibilite aux particules ionisantes, elle ne dlffere guere de celle du fluorure 
de lithium (5). Nous esperons obtenir des rSsultats plus precis a I'aide de ce 
materiau (le coefficient de variation des mesures obtenues est egal a environ 
10 p.cent). Si I'on desire une precision encore meilleure, il est nScessaire 
soit de faire les mesures immediatement apres un vol prolonge, soit d'attendre 
que la frequence et la duree des vols soient suffisantes. 

b/ Emulsions nuclgaires a sensibilitg variable 

Le classement des particules en fonction de leur TLE est effectug d'aprSs 
les caracteristiques des emulsions (seuil de sensibllite) et I'aspect des tra
ces. A titre d'exemple on a admis que sur une emulsion K5, les traces correspon
dent a un TLE Inferieur ou egal k 0,5 keV par micrometre dans I'eau, les traces 
denses presentent un TLE superieur. D'autre part les protons de recul provenant 
des interactions (n,p) engendres dans I'Smulsion, ne sont pas pris en compte. 

Il est evident que ces critferes sont quelque peu subjectifs et que les spec
tres de TLE obtenus doivent gtre consideres comme une simple approche du problfe-
me. Cela est d'autant plus vrai que la precision des mesures est alteree par le 
fait que les doses regues au sol ne sont pas negligeables par rapport k celles 
regues en vol. 

Sur le tableau de la figure n° 6 nous avons reports, k titre d'exemple, les 
resultats obtenus h I'aide d'un empilement d'emulsions place a I'arrifere de 
1'avion au mois d'avril 1972. Les valeurs mentionnees correspondent aux seules 
irradiations subies pendant les vols, la contribution du rayonnement cosmique 
et tellurique au niveau du sol a ete retranchee. 

Nous avons calcule la valeur de la dose absorbee k la surface du corps hu-
maln, a partir des donnees de ZERBY et KINNEY (6) valables dans le cas d'un 
faisceau isotrope de protons qui frapperait une seule face du corps humain. II 
convient de prficiser que dans ce cas, la dose absorbee superficielle est tres 
voisine de la dose absorbee au point ou I'ionisation est maximale (7). 

On remarquera, pour cet empilement, une nette predominance des particules k 
trfes faible TLE (TLE 0,5 keV/micromfetre). II n'en est pas toujours ainsi ; ces 
proportions varient selon les conditions des vols et les emplacements dans la 
cellule de 1'avion. 
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Par contre, si I'on exclut les traces de protons de recul provenant des in-
teractiors des neutrons avec les materiaux hydrogenes, on ne denombre pas de 
particule de TLE superieur a 6,2 keV par micrometre. II est vrai qu'k I'altitu-
de de vol du Concorde il semble que les ions lourds aient deja ete absorbes 
dans 1'atmosphere. 

II est possible k partir de ces spectres de calculer un facteur de qualite 
moyen pour les rayonnements ionisants. Compte tenu des donnSes de NEUFELD, 
SNYDER et TURNER (7) celui-ci est legerement inferieur a 1,3. 

Ce resultat est donne a titre d'exemple, les experimentations ne sont pas 
encore assez avancees pour que I'on puisse faire une synthese valable des r&-
sultats en fonction des conditions des vols et des emplacements dans la cellule. 

4/ Resultats obtenusavec les appareils de detection et d'enregistrement des 
debits de dose VAMEGA et AWRE 

Pour le tableau n° 7 nous avons reporte les rSsultats maximaux moyens des 
mesures obtenues k I'aide de I'appareil VAMEGA lors d'un groupe de 18 vols au-
dessus de I'Atlantique Nord et une sSrie de II vols effectues lors de la tour-
nee en Amerique du Sud. 

On remarque que les rSsultats de la seconde sSrie sont, du fait de la dif
ference de latitude, nettement inffirieurs ft ceux de la premiere. 

Les resultats obtenus k I'aide de I'appareil AWRE sont comparables. A titre 
d'exemple, lors de la mission du 21.7.71 effectuee au-dessus de I'Atlantique 
Nord, les debits de dose equivalente mesures sont respectivement : 

- Neutrons 0,20 mrem/h 
- Radiations ionisantes et 
electromagnetiques 0,66 mrem/h 

Total ........... 0,86 mrem/h 

En aucun cas on n'a observe une activite solaire anormale. 
Si en cours d'exploitatlon normale le cas se presentait, I'altitude de vol 

de 1'avion seratt modifiee selon des criteres qui sont actuellement etudies par 
la Commission Medicale Franco-Britannique. 

En fait, ce cas devrait se presenter assez rarement. De 1966 k 1968, hult 
evfenements seulement auraient ete enregistres a I'altitude de croisiere. 

Pendant le cycle solaire le plus actif jamais observe entre 1954 et 1964, 
On trouve 38 evenements ditectables sous forme d'irradiation a I'altitude de 
Concorde. Pour le cycle actuel, a peu pr&s moitiS moins actif, on arrlvera saos 
doute a une vlngtaine d'evenements, probablement tous de faible tntensite. En 
fait, dans le cycle precedents dix evenements seulement auraient provoque une 
irradiation k un debit de dose superieur a I millirem par heure. Pour le cycle 
actuel, probablement aucun n'atteindra cette valeur d'ici a 1974 ou 1975. Qu'en 
sera-t-il ensutte ? On a peu d'eiements pour effectuer une prevision : 1'acce
leration de particules k des energies aussi elevees et le fait que la terre se 
trouve sur leur trajectoire forment des conditions assez exceptionnelles obser-
vies un nomfare de fois trop restreint pour qu'une statistlque valable puisse 
gtre utilisee. On dispose cepeadant de deux Indications : 

1 - Pendant un cycle solaire, le nombre et I'inergie de ces evene
ments semblent en relation avec 1'activite maximale atteinte au 
cours de ce cycle. 

2 - On possede des indications positives qui montrent que les pro-
chains cycles solaires vent encore, dans les cinquante annfies a 
venlr, decroltre en intensitS, 

895 



Conclusions 

Les doses regues a I'altitude de croisiere du T.S.S. Concorde sont faibles; 
nous n'avons jamais detecte d'ion lourd. 

Le problfeme des eruptions solaires a retenu notre attention. Leur frequence 
est relativement faible ; on en aurait detecte 8 au maximum de 1966 & 1968 k 
I'altitude consideree. Les appareils d'alarme place k bord des prototypes n'en 
ont jamais dScele pendant les essais. 

Note 

Ces travaux de dosimetric ont etS realisfis sous les auspices de la Commis
sion Medicale du Transport Supersonique du Ministfere des Transports Publics, 
presidee par Monsieur le Medecln General Inspecteur RABOUTET et de la Sous-
Commission Medicale Frangalse du Groupe AerorSdical CONCORDE. 

Les dispositifs dosimetriques ont ete •'..stalies dans 1'avion avec les con-
sells du Commandant TURCAT et de Messieurs JOATTON et DESTARAG de la S.N.I.A.S. 
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Figure I 
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Figure 2 
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Figure 3 
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Figure 4 
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THE APPROACH TO BiDOK PROBLEMS IN KON-URMIIffl MIKES I I SWEDEN 

Jan Olof Snihs 
Hational Institute of Radiation Protection 

Stockholm, Sweden 

Abstract 

In Sweden there aresibout 60 underground mines. These are for the mining of 
ferrous and sulphide ores and none are for uranium. Radon measurements were ma«te 
in all of these mines during I969 and 1970. By using an assumed equilibrium 
ratio of 0.5 between radon daughters and radon, the radon daughter levels were 
calculated to exceed JO pCi/l (0.3 WL) in 22 mines with more than 1000 under
ground employees and in a few mines the levels were estimated to exceed 
100 pGi/l (1 ¥ L ) . Hence, non-uranium miners were the largest group of Swedish 
workers receiving significant radiation doses. However, these workers are not 
legally classified as radiological workers. 

The results initiated more detailed measurements and research. The sources 
of radon in mines axe found to be radon-rich water, ventilation air from 
abandoned areas with caved materials and, to a lesser extent, minerals 
particularly rich in radium. In some mines the radon levels vary with the season 
with a maximum in the suraner. Ho simple correlation to the type of minerals or 
their geological properties has yet been found. 

Instructions on protective measxires against radon in mines were issued in 
March 1972. The regulations are based on a maximum of 30 pCi/l (O.J ¥L) of radon 
daughters as the average over a year. There are also regulations on the maximum 
delay period for preventative action, on ventilation, on respirators, on 
measurements and control and on medical examinations. 

Epidemiological studies on the lung cancer frequency among miners have been 
made. The period investigated was the years I96I-I968. A significant excess of 
lung cancer has been found. 

Introduction 

The first measurements on radon in a Swedish mine (Boliden) were made at 
the beginning of the 1950s, The results of these early measurements and the 
limited experience of radon problems in non-uranium mines at that time did not 
give any reason for anticipating high radon levels in Swedish mines. However, 
improved measuring techniques, continuotis progress in radiation protection 
generally and internationally observed radon problems in many uranium mines 
resulted in new measurements being initiated at the end of the 1960s. 

The first new results (from lasliden and Langsele) indicated the 
possibility that radon problems might exist in Swedish mines even thou^ they 
are not uranium mines, A few additional measurements (in Zinkgruvan and Danne-
mora) also proved that there is no simple relation between the radon concentra
tion in a mine and the geology of the minei the first approach, selecting mines 
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of interest solely from geological considerations, had to be abandoned. In 19^9 
it was therefore decided to make a rough but rapid survey of the radon levels 
in all the mines in Sweden (about 6o), 

Since I97O great efforts have been made to develop appropriate sampling 
and measuring techniques, and to initiate and carry out research on existing 
problems. As radon in mines was a new and completely •unknown occupational 
hygiene problem for most of those concerned, much effort was put into providing 
appropriate information, Yery shortly, it also appeared necessary to prepare 
special instructions for radiation protection in mines and these were issued in 
March 1972. Because of the relatively h i ^ radon concentrations found in many 
mines, it was considered necessary to consider the possibility of an excessive 
incidence of lung cancer among Swedish miners. An epidemiological study on lung 
cancer was therefore started in 1971. This report is meant to be a summary of 
some of the results of the work done on the problem of radon in Swedish mines. 

Principles of sampling and measuring techniques 

The meastirements in Swedish mines have mainly been made on radon although 
they have been supplemented by measurements on radon daughters. Radon measure
ments are performed by iaking air samples in evacuated 4.8 1 commercial propane 
containers which are opened in the mine. The sample is tretnsferred to an 
evacuated 18 1 ionization-chamber via a drying agent. The lower limit for these 
chambers is about 0,5 pCi/l with a fresh 4»8 1 sample. The samples are measured 
above ground, either in a field laboratory at the mine or at the National 
Institute of Radiation Protection (NIRP) in Stockholm. In the latter case, the 
sampling can be done by the mining staff and the containers sent to Stockholm 
by mail. 

Radon daughters are sampled and measured in the conventional way, using 
glassfibre filters. In evaluation of the radon daughter concentration, the 
method of Kusnetz' is used. As there is no good Swedish expression for ¥L the 
result is expressed in equivalent pCi/l (I ¥L is equivalent to 100 pCi/l). 
Measurements on the glassfibre filters axe made above ground in general. 

The principles ofj"_gagug®ggnts 

Three types of measurements have been made, namely! guiding measurements, 
basic measurements and checking measurements. 

Guiding measurements 

The guiding measurements were performed twice during the period 1969-1970» 
once during the winter and once during the summer. Three of the evacuated 
containers described above were sent to each mine and the mining company was 
asked to take one air sample in return air, one at a working place with "normal" 
ventilation and one sample in an unventilated drift. The samples were expected 
to be representative for the average radon levels in the mine, for working 
places and for potentially high radon levels, respectively. 

In answer to questionnaires, infoimation was given by the company about 
the place and time of sampling, ventilation conditions, presence of running 
water, adjacent minerals, number of worker etc. All results related to radon 
only. In estimating the corresponding radon daughter concentration, a. ^0 fo 
equilibrium ratio was assxamed. In accordance with the chosen Swedish 
terminology, this ratio is referred to as the "dose factor". 
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Basic measurements 

The basic measurements are made by the laboratory staff during a visit to 
the mine. The purpose of the measurements is to find the true radon and radon 
daughter concentrations, the reasons for the activity levels and the best means 
of decreasing the concentration if necessary. The sampling and measurement are 
preceded by detailed discussions between the radiological team and the represen
tatives of the employees and the employers about ventilation systems, presence 
or absence of working places in particxilar areas, suspected high radon levels, 
radioactive minerals etc. The choice of appropriate places for sampling is 
based on these discussions. 

Checking meastaxements 

Checking measurements are initiated by the company itself if there have 
been major changes in the ventilation, or when there is reason to expect high 
radon concentrations in new parts of the mine. Normally only radon measurements 
are necessary to guide possible extra preventative action. Periodic checking 
measurements are also needed as a consequence of the regulations on checking 
the exposure of the miners (see below). If the only meas-urements made are those 
on radon in air samples sent by mail to the laboratory in Stockholm, the radon 
dau^ter concentration is estimated by using the dose factor (or factors) found 
in the basic measurements if this dose factor is still believed to be adequate. 

Concentrations of radon and radon daughters in the mines 

After the guiding radon measurements in I969 aJ3.d 1970, the radon daughter 
exposure level was estimated for all mines. The numbers in parenthesis in 
Table 1 are the first estimated results. At the time of writing (May 1973) 
basic measurements have been made in 26 mines, from the guiding measurements 
most of these were expected to have radon daughter concentrations above 30 pCi/L 
As a result of these measurements there have been a few changes in the grouping 
of the mines and miners as indicated in Table 1 by the 1970 numbers without 
parentheses. This was the situation in 1970. Since then, countearmeasures have 
been taken in many mines, if not yet in all. A few mines have shut down (not 
because of radon) and a few new mines have been built and the 1973 numbers in 
Table 1 reflect the situation as it is believed to be in May 1973. It shotild be 
noted, however, that the grouping of the mines and miners is based on the 
highest representative levels found in the working areas of each mine - or of 
the parts of one large mine. The numbers of overexposed miners have therefore 
probably been somewhat overestimated. 

Radon daughter Number of mines Number of miners 
concentration 

pCi/1 1970 1973 1970 1973 

^10 (25) 26 
10 - 30 (13) 12 
30 -100 (17) 16 
100 -300 ( 5) 6 

>300 ( 0) 1 

Table 1, Numbers in parenthesis are those estimated from the guiding measure
ments 1969-1970, the ones without parentheses from basic measurements since 
1969. 

26 
19 
10 
0 
0 

(1100) 1400 
(1700) 2000 
(1700) 700 
( 140) 620 
( 0) 21 

1400 
2700 
610 

0 
0 
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Great efforts have been made to reduce the radon daughter levels and this 
work is still in progress. The countermeasures mainly consist of changes in the 
ventilation system and often new ventilation shafts have to be built. However, 
it is expected that within about a year the numbers of mines and miners in the 
expostare group >30 pCi/l will be reduced considerably. 

The measurements in I969 and 1970 showed that many mines had higher, some 
considerably higher, radon levels in the summer (May-October) than in the 
winter.19 mines with radon dau^ter levels >10 pCi/l were found to have 
summer values more than 50 fo higher than winter values and on average for all 
mines the radon concentration was twice as high in the summer than in the winter. 
The main reason is probably reduced or changed ventilation. 

Apart from the general radon and radon daughter values for the mines, it 
has also been of interest to find the potential h i ^ values in unventilated 
areas or elsewhere in the mine. Up to now 7 mines have been found to have such 
areas with radon levels exceeding 1000 pCi/l; radon concentrations of 
1000-2000 pGi/l have been found in four mines, 6OOO pCi/l in one mine, 
10,000 pCi/l in one and 20,000 pGi/l in one. There are also a few mines with 
radon levels of 300-1000 pCi/l. In some of these areas with high radon levels, 
mining work has probably been carried out. The very high radon levels appeared 
in unventilated drifts where there was water. 

The source of radon 

There are three major factors to consider when seeking the causes of high 
radon concentrations! they may appear alone or in combination. These factors 
are ventilation, water and radioactive minerals. The first two predominate, 

Tentilation 

There are two basic ventilation principless 

(a) The air is taken in via a shaft from the ground level down to the bottom 
of the mine and at each level the air is forwarded in tubes or in drifts by 
fans to the working places. This is illustrated in Figure 1 (left). 

(b) The air is taken in via crushed rock in abandoned upper parts of the mine 
or another part of the mine. This is illustrated in Figure 1 (right). 

Pig. 11 Two basic ventilation principles in Swedish mines 
shaft ventilation (left) and "crushed rock" ventilation (right). 
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There are also combinations of these principals. The advantage of ventila
tion principle (b) is that diiring the winter the inlet air becomes comfortably 
warm during its passage through the crushed rock and it then contains no air 
impurities - except radon. During the passage through crushed rock and abandoned 
spaces, the air is contaminated by radon which diffuses from radium in the rock 
and from radon-rich water in the rock. Bj the time it readies the working places 
the ventilation air may already have too high a radon concentration. Table 1 
shows that probably 23 mines had radon daugjiter levels hi^er than 30 pCi/l in 
1970. The radon soxarce has been identified for all but one of these mines and 
the result is as follows! 

ventilation air as the predominant source - I7 mines 
water and rocks in the working areas as predominant source - 3 mines 
major contributions from both the ventilation air and sources in the working 
areas - 2 mines 

The ventilation air is the predominant radon source. Sources in the working 
areas are local running water and emanation from the rock wall in drifts and 
other spaces. Ineffective ventilation with recirculating air results in growth 
of the radon concentration in the air. 

Even if the fact that the air is drawn through crushed rock is the main 
reason for the high radon levels, it is not certain that this ventilation system 
always leads to very higji radon levels. There are examples (Mimergruvan, Blot-
berget, Eisbergsfaltet) where the intake of air is by this princple but where 
the radon concentrations are not especially high (15-50 pCi/l). Contributory 
factors are probably the venting rate, the amount of crushed rock, its structure 
and radium content, presence or absence of radon-rich water, etc. As it is out 
of the fttsstion to investigate the condition of abandoned areas and spaces with 
crushed rock it is very difficult to determine the real emanating source 
unambiguously. However, work on this problem continues. 

As mentioned above, there are seasonal variations of the radon levels in 
many mines. This has been studied systematically in several mines by taking an 
air sample once a week at the same place in the mine, noijmally on return air. 
The sample has been sent by mail to the NIRP. The result from one mine is shown 
in Figure 2. 

Persberg Mine 

Radon 

150-

100" 

50-

1971 1972 

Pig. 2s Radon concentration in the return air of Persberg Mine measured once 
a week. 
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Figure 2 illustrates the seasonal variation found in some mines. The 
samples were taken at a depth of 150 m on return air. If the temperatxu?e outside 
the mine is plotted with an appropriate scale, the temperature curve and the 
radon curve will follow one another qiiite closely. It is a fact well known to 
mining engineers that the ventilation efficiency tends to decrease when the 
difference between the temperature in the mine and outside the mine decreases 
and the observed correlation to the temperature may reflect that phenomenon. 
However, one must not exclude the possibility that the variations may also be a 
result of different routes taken by the ventilation air or of an increase in 
the emanating power of the crushed rock. In a more detailed study on radon by 
means of a continuously running ionization chamber in a mine, diurnal 
variations have been observed, see Figure 3» 

o =Temp. outdoors 
--=Temp. in mine 

Fig. 3 s Radon concentrations in the intake air at a depth of 450 m in Nygruvan 
Mine measxared by a continuously running ionization chamber. The air 
has passed abandoned parts of the mine. The Figure shows March 30 
througji April 3 (upper curve) and May 4 throu^i 8, 

In March and April (the upper curve), the temperature outside the mine is 
still below the temperature in the mine at 450 m and the radon levels in the air 
are practically constant. In May (the lower curve) the nights are still rather 
cole but during the day the temperature rises above that of the mine. The radon 
concentration varies with a minimum d-uring the night and a maximum during the 
day. This result serves to prove the influence of the temperature on the radon 
concentration when the temperature outside the mine is close to that inside 
the mine. 

Water 

It is difficult to prove generally the total effect of radon-rich water on 
the overall radon levels in a mine. Nevertheless, it has been possible to show 
some correlations in some mines. In one mining district (Eiruna) it has been 
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possible to compare two adjacent mines. They have the same geology with no 
exceptional radium-containing minerals in the rock or in the ore. In one mine 
(KUJ) the radon concentration of the water is 10-20 nCi/l. The water comes from 
a nearby district with minerals containing radium of the order of 100-5000 pCi 
radium/g. The water found in that district contains up to 60 nCi/l. The radon 
levels in air in the mine are 20-40 pGi/l with the exception of some un
ventilated parts of the mine with very high radon concentrations. In the disused 
adjacent mine (Loussavaara) the radon concentration of the water is very low 
( <;0.1 nCi/l) and the radon concentration of the air in the unventilated mine 
is only 8 pCi/l. It is therefore reasonable to conclude that the water is a 
significant radon source in KCJJ. 

Radon-rich water may also cause very h i ^ radon levels in unventilated 
drifts. In KUJ a radon concentration in the air of 20,000 pCi/l was found in an 
unventilated drift. The water flow was about 50 l/s and contained 10 nCi radon 
per litre. Radon levels of that order of ma^itude in the air are quite 
possible with the conditions which exist. The practical conclusion from this 
and other similar observations is that whenever there is a combination of bad 
ventilation and a large water flow there is reason to anticipate high radon 
levels in the air. 

Minerals 

The significance of different minerals in rock and different typ©s of ore 
for the radon levels in a mine is not yet fully established. 

One parameter of interest is the radium content of the rock. However, it 
is likely that other parameters are more relevant, as e.g. porosity, presence 
of cracks, hxmsidity. Water enhances the diffusion of radon from the rock and 
wet mines are therefore subject to the double effect of enhancement of radon 
lealcage and radon release directly from the water. Radioactive minerals have 
been found in a few mines and they have caused local radon levels of the order 
of 100 pCi/l. It is also possible that radioactive minerals appear in some of 
the crushed rock causixig a high radon concentration in the ventilation air 
when that type of ventilation is used. 

Protection instructions 

The Swedish instructions on protection against radon in mines were issued 
in March 1972^, They contain a regulative part and a descriptive and 
explanatoary part including 5 chapters on physical and biological aspect of 
radon and its daughters, on geological aspects, on estimation of necessary 
ventilation air, on sampling methods and on estimation of annual exposure. The 
regulative part includes regulations on permitted radon dau#iter exposure, on 
preventative action such as ventilation etc., on measurements and checks and on 
medical examinations. An extract from some of the most important points is 
presented below. 

Permitted radon daughter exposux-e 

1, The radon daughter exposvtre shoTild be as low as practicable. If the annual 
exposure is more than 60,000 pGi»hrs/l, there is an overexposure and 
preventative action is needed. 

2. The radon daughter concentration in working places should be as low as 
practicable. For planning of preventative action an operational limit (or 
"basic value" or "derived working limit") on radon daughter concentration of 
30 pCi/l shall be used. 
Note; 30 pGi/l is by definition equivalent to 0.3 WL. 
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If the radon concentration has been measured instead of the radon daughter 
concentration and the dose factor is not known, the dose factor shall be 
assumed to be at least 0.5« 
Notes The dose factor is defined as the relation between the radon dau^ter 
concentration and the radon concentration. 

3, If the annual radon daughter exposure is expected to exceed 
60,000 pCi»hrs/l, preventative action shall be taken within the times given 
below. However, a total overexposure of 600,000 pCi'hrs/l during an employee's 
whole working time in a mine shall be avoided as counted at the latest from the 
time when the radon daughter concentration was determined for the first time. 
For estimation of total overexposure, earlier expos-ure shall be taken into 
account, if possible. 

Preventative action 

1, Preventative action shall be planned and performed without delay and in a 
reliable way, 

2, The maximum time within which preventative action shall be taken in 
continuously used working places in the mine after a basic measurement depends 
on the average radon daughter concentration during the year. Corresponding 
radon daughter concentrations and max. times are 30-60 pCi/l,3 years| 
90 pCi/1,1.5 yearsj 120 pCi/l,1 year etc. After checking measurement the 
corresponding max, times are shorter by a factor of three. 

Other regulations 

1, Any part of the mine which has higher radon daughter concentration than 
1000 pGi/l shall be sealed off by a wall impermeable to radon. Those parts of 
the mine which are not in use and which have radon dau^ter concentrations of 
100-1000 pCi/l or where the concentrations are uaaknown shall as a rule be 
prohibited areas, 

2, Interchange of employees shaJl be made if necessary to prevent over
exposure if other preventative action has not proved satisfactory. 

3, Meas-urement to check the radon daughter concentration in the mine shall be 
made within the periods specified in Table 2, 

Radon daughter 
cone e n t r a t i o n 

pGi / l 

<10 
1 0 - 3 0 

>30 -100 
>100 

Time 

2 years 
1 year 
6 months 
3 " 

Table 2, The time within which check measurements shall be made as a function 
of the radon daughter concentrations found in the last measurement. 

4, Due to the radiological hazard in mines, special medical examinations 
should be made with respect to the functioning of the lungs and possible 
pulmonary diseases. Persons suffering from chronic disease in the bronchial 
system or the limgs and persons who have tuberculosis which has not with 
certainty become inactive or with healed tubercular changes of large extent 
should not be employed in work which involves particular risk of exposiire to 
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radon daughters. Since there is a considerably enhanced risk of Ivaag cancer for 
smokers and since it is feared that this risk is greater when a smoker is 
exposed to radon dau^ters, employees should be made aware of this fact and be 
advised against smoking, both at work and at other times. 

Methods of calculating the exposure 

As there is no good dosimeter for radon or radon daughters, the exposure 
is determined by indirect methods. The method proposed in the regulations is 
that each mine is divided into zones according to the radon daughter levels, 
<10, 10-30, 30-100, or 100-300 pCi/l. It is recommended that a maximum of two 

zones should be used. Once a year the approximate residence time in different 
zones is estimated for the miners and with the aid of special tables in the 
regulations, the e3q)osure range is determined. The exposure ranges correspond 
to the sar 3 ranges as for the radon dau^ter level zones. 

Epidemiological studies on the Iting cancer rate 

When the extent of the radon problems in Swedish mines was fully 
iecoga±ze&t epidemiological studies on the lung cancer incidence among miners 
were started. There have been local studies in some mining districts, Zink
gruvan? , Boliden^, Kiruna^ and Malmberget and an overall study including all 
mining districts'. This overall study started in April 1971 and the main 
purpose was originally to find out whether there was any excessive incidence 
of lung cancer at all among the miners. The study was retrospective and covered 
the years I96I-I968. As there were no measurements on radon in mines at that 
time it was not possible, in the initial study, to make any detailed exposure-
effect co3?relations, althou^ such analysis is in progress. 

Th© study involved, firstly, a comparison bet\feen expected and observed 
numbers of lung cancers within the mining districts and, secondly, a 
corresponding comparison for the miners alone. The results are shown in Table 3« 
Appropriate corrections have been made for the age distributions in th® 
districts in calculating the expected number of deaths as based on the death 
rate in the county in which the respective districts were located. In the 
special study on miners, the expected number of deaths is calculated as being 
proportional to the number of employees and to the death rate in the district. 

Group Expected numbers Observed numbers 
of lung cancers of lung cancers 

All men other than miners 
in the mining district 125 99 
Undergroxmd miners only 6 26 
Above ground miners only 6 7 

Table 3. Expected and observed numbers of lung cancers among men aged 20-64 
years dtiring the years I96I-I968 in mining districts for non-miners and miners. 
The observed numbers of lung cancers are those which relate to cancer which 
appeared and caused death within 5 years of cessation of employment at the mine. 

It can be seen from Table 3 that there is a significant excess of lung 
cancers among underground miners. No excess is foxind among miners working above 
ground or among other men in the mining districts. The total number of men in 
the mining districts is 1365600 and the number of miners is about 13»000, of 
which about one half axe underground workers. Of the 26 observed cases of lung 
cancer, 21 occurred among miners who had worked more than 10 years undergroxind. 
Of the total of 48 miners belonging to this group (more than 10 years under-
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ground) 21 (58 %), died within 5 years of ceasing employment and 39 persons 
(81 <fo) within 15 years. 

There are obvious difficulties in estimating the true radon daughter 
exposures in a retrospective study without earlier measurements on radon 
dau^ters in the mines. Nevertheless, attempts are in progress to reconstruct 
the former ventilation conditions in some mines and more reliable values for 
the exposure may be given than are possible today. However, if the mines and 
corresponding miners are divided into two groups, one experiencing less than 
30 pCi/l of radon dau^ters and the other more than 30 pGi/l according to the 
measurements since 1969? ^̂ he distribution will be as shown in Table 4. ^ e 
numbers in Table 4 are based on very recent follow-up studies including the 
years 1961-1971. 

Radon dau^ter Ntimber of lung cancer deaths Number of Number of 
concentration Age at death (years) mines miners I966 

pCi/1 20-64 65-79 20-79 

<30 9 7 16 9 2,760 
>30 27 23 50 11 2,099 

Table 4» Observed numbers of lung cancer deaths among miners who have worked 
more than 10 years undergroimd. All but 2 of the miners aged 2O-64 years died 
within 5 years of cessation of employment at the mine. 30 pCi/l is equivalent 
to 0.3 WL, 

It is clear from Table 4 that the relative numbers of lung cancer deaths 
are much greater in the mines with radon dau^ter levels in excess of 30 pCi/l 
than in the other mines. 

Most of the observed lung cancer deaths among miners aged 2O-64 years 
occured during the last half of the period of investigation (24 of 36). The 
year of commencement of undergrotind work for the deceased miners is more 
scattereds'8 miners during 1920-50, 12 miners during 1931-40, 12 miners during 
1941-50, 3 miners during 1951-50 and 1 miner in I96I. 

By assuming as a first approximation that the radon daughter levels in 
Swedish mines found by the measurements since the end of the 1960s are 
representative for earlier years, it is possible to make some qualified guesses 
as to the exposures. This assumption is, of course, uncertain but there is some 
justification for it. The ventilation has been improved with time and it is 
reasonable to assume that this would cause the radon levels to decrease. On the 
other hand the mines are continually being deepened, and that will increase the 
amount of crushed rock and also make the ventilation more difficult, i.e. the 
radon levels would increase with time if no other factors were involved. The 
resulting effect may well have been a relatively constant radon situation over 
the last few decades. On this assumption it is possible to determine an 
exposure-effect relationship according to Table 5» The exposure ranges in 
Table 5 are caused by the radon dau^ter ranges 1-10, 10-30, 30-100 and 
100-300 pCi/l and the range of employment time for the deceased workers. 
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S s "h i.iiia*fc e d 
expos-ure , 

Range 

2 - 36 
1 3 - 112 
4 8 - 528 

170-1512 

ciinnil ai; ive 
WIM 

Average 

15 
48 

218 
696 

Employees 
underground 
(average) 

1001 
1852 
1488 

525 

Expected 
number of 
lung cancer 
deaths 
1961-1971 

1.25 
2.31 
1.85 
0.66 

Observed 
number of 
lujig cancer 
dea ths 
1961-1971 

2 
7 

15 
12 

Calcula ted annual 
m o r t a l i t y per 10"^ 
miners from lung 
cancer 
Expected Observed 

1.1 1,8 
1.1 3 .4 
1.1 9.2 
1.1 21 

Table 5. Lung cancer deaths 196I-I97I among miners aged 2O-64 years. All the 
deceased worked more than 10 years undergro'und and all except two died within 
5 years after cessation of employment. 

The last column of Table 5 is plotted in an exposxire-effect diagram in 
Figure 4 together with the results of the lung cancer studies in the USA among 
uranium miners . There appears to be good agreement. Considering the consider
able statistical errors and the uncertainty of the exposures it is, however, 
not possible to draw axxy conclusion about the dose-effect relation in the 
region of the low expostires around 100 WLM, 

The average exposure is estimated to be I63 WLM (range 9O-275 WIM 
corresponding to the radon daughter ranges mentioned above) assuming an average 
employment time of 30 years. If 1 WLM corresponds to 2 rads it follows that the 
rate of excess lung cancer is 1,7 cases per year per rad per million miners. 
The studies on uranium miners in the USA gave 0,9, on Newfoundland fluorspar 
miners 1.1 and on British underground iron miners 3.0®. 

Annual lung cancer mor ta l i t ies per ICr miners 

O Uranium miners USA 

® Non-uranium miners Sweden 

— — Expected value (Sweden) 

10 

- Q - __ 

10 102 
W L M 

T—r~r 
10 

Fig, Comparison between the lung cancer mortalities for American -uranium 
miners and Swedish non-uranium miners as a function of the radon 
daughter exposure. 95 f" confidence limits are shown for the 
mortality values. 
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QUELQUES DONNEES NOUVELLES CONCERNANT LA PROTECTION 

DES MINEURS DANS lES MINES D'URANIUM 

J. PRADEL » P. 2ETTW00G - G, MADELAINE - Y, FRANCOIS 
D6partement de Protection - STEPPA 
CoHmissariat h 1'Energie Atomique 

Abstracts 

New data concerning the safety of miners 
in uraniraa mines 

Reports will be made, on the one hand, on the first results obtained 
regarding the action of radon and its elements in an experimental uranitim mine 
at La Crouzille and, on the other hand, on the prospective use of a new por
table individual dosimeter proportionate to the exposure of uranium miners to 
radon ilfiments. 

Introduction 

Dans certaines mines d'uranitjia on a observe chez les ouvriers une augmen
tation de la mortality par cancer du poumon, Cette augmentation semble d'autant 
plus marquee que les concentrations en radon et en descendants radioactifs sont 
plus filevfies. II importait done d'intenslfier les recherches dans ce domaine 
pour mieux connattre le comportement du radon et de ses descendants afin ; 

- de fixer des normes prficlses d'une s€v6rit6 suffisante mais non exces
sive 6tant donn6 les difflcult^s technologiques rencontrfies pour abaisser les 
niveaux, 

- d'am^liorer I'efficacitg des moyens de protection utilises ou d'en 
dfivelopper de nouveaux, 

- de mettre en place un systSane de surveillance du personnel prficis, 
efficace et bien adapti aux conditions de la mine, 

C'est pourquoi en 1969 nous avons dficidfi de crfier dans une ancienne mine 
d'uranium, une mine laboratoire oft il soit plus aisfi de contrSler les difffi-
rents paramfetres expfirlmentaux que dans une mine en activity. Nous avons entre-
pris un programme de recherche dont nous prfisentons ici les principaux resul
tats actuellement acquis. 

Nous dicrivons figalement les resultats obtenus avec un nouveau dStecteur 
indlviduel mesurant I'actlvitfi des descendants du radon, 

I - Mine laboratoire 

1/ Situation et implantation 

La mine est sltufie sur la division de La Crouzille k Fsnay. Nous avons 
isol6 du reste de la mine le quartier des Tenelles qui comprend deux niveaux 
s6par6s verticalemeat de 80 mitres, Le quartier est composfi du montage d'entr€e 
d^alr M.560 reliant le jour au niveau 200 dans la galerie B.560,-̂  laquelle 
conduit en 800 m environ aux pieds des montages M, 500 et M, 501 raccordant le 
niveau 200 au niveau 120, La tfite du montage 501 dfibouche dans la galerie 
B»30I du niveau 120, La B.30I comaiuHlque avec le jour par le montage M.SOS^ Les 
laboratoires sont installfis, I'un au niveau 200, l^autre au niveau 120 en tSte 
des montages M,50I et M.SCX); lis sont ficlairfis, chaufffis, aliment^s en courant 
§l@ctrique 220 V ~ 380 V, en air comprimi, et rellfis par tfiMphone au central 
de la mine (fig.l). 

La ventilation est assurie par deux ventilatears de 18 chevaux chacun, 
Le ventilateur VI souffle I'air en tSte du montage M,560; il assure l̂ afirage 
en mettant la mine en pression; ?2 aspire dans la R.30I, au piad du montage 
M,305 et assure I'afirage en mettant la mine en depression. Un syst&me de 
trappes pennet d'ajuster le debit de ces ventilateurs. 
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Les barrages nicessaires ont ite realises pour isoler ce quartier des 
aaciens travaiix et limiter le circuit d'airage & un parcours parfaitement 
connu, 

2/ Aerage 

Nous avons defini complfetement les paramfetres d'afirage de la mine labo
ratoire, en mesurant systematiquement les dibits d'air dans chaque brancbe du 
circuit, et les differences de pression statiqu® entre chaque noeud. 

La mine est mlse ea pression ou depression par Inaction des ventilateurs 
VI ou V2e L'utllisation de diaphragmes permet de rigler les debits de ventila
tion pour des valeurs comprises entre 2 @t 10 m3/S"I environ. 

La temperature, I'hygrometrie, la vitesse de l*air et la perte de charge 
entre la base et la tfite des montages M,500 - 501 sont mesurees en permanence, 

3/ Resultats 

a/ Particules ultraflnes non fixies sur des noyaux de condensation 

Nous rappelons uniqueraent ici les rfisultats obtenus pricedemment (l) (2) 
au moyen de flitres precedes ou non par des tubes de zeieny ou des batteries 
de diffusion ; I'activite sous forme de particules ultraflnes, c'est-a-dire 
atomes non combines ou ayant fixe quelques molecules diverges, dont le coef
ficient de diffusion est compris entre 5,4.IO~2 et I0"2 cm2/s (et pour les-
quelles il paratt plus justifie d'adopter un coefficient de diffusion moyen 
d@ I,5,10~2 «Mi2/s), represente en moyenne 3 I de I'activite du Radium A suppose 
k I'equillbre avec le radon; cette activite est inffirieure k 10 %, sauf en cas 
d'arrfit de travail dans la mine o& I'on peut trouver alors des valeurs de 
I'ordre de 25 %, 

b/ Etude de 1'influence de la ventilation sur la concentration en ra
don dans la mine 

La concentration en radon est mesurfie soit au moyen de pr61fevements 
effectues dans des fioles recouvertes intfirleurement de sulfure de zinc selon 
la technique en usage dans les mines frangaises (4) soit au moyen de chambres 
de desintegration (5) de 15 litres fonctionnant a un debit de 10 l/mn per-
mettant de mesurer des concentrations supgrleures k 0,4,I0~I® Cl/1, 

Deux chambres de d6sintegration ont 6t6 placees au niveau 120 (point L2) 
et des preifevements ont et6 effectues reguliferement pour contrSler les rfisul-
tats et suivre les variations rapides amortles par les chambres de disintegra
tion, Les mesures ont ete effectuies dans differentes conditions de ventila
tion ; foactionnement en pression en utilisant le ventilateur ?I et fomction-
nement en depression en utilisant le ventilateur V2. Les differences de pres
sion entre I'exterieur et le point L2 ont varie entre - 43 et + 55 ran d'eau. 
Chaque type d'afirage a iti maintenu assez longtemps pour qua la concentration 
ait attaint une valeur stable* Certains essais ont duri 4 jours (6), 

Les resultats concernant les concentrations CRn, le debit de radon QRn 
en fonction du debit Q sont prisentes dans les fig, 2 et 3, 

On peut noter qu*& debit figal la concentration en radon dans I'air de la 
mine est plus faible quand la mine est en surpression que lorsqu'elle est en 
depression; le facteur de reduction passe de 0,5 i 0,9 quand le debit augmente 
de 2 4 10 m^/s, Ceci confime I'observation faite dans le cas d'une mine en 
activite, celle de La Chapelle Largeau, oft I'on a e« une reduction de 20 % des 
concentrations moyennes qui passaient de 3,3,IO~IO Ci/1 en 1965 la mine etant 
en depression 6 2,7 - 2,4,10-10 ci/1 en 1966 et 1967, la mine etant en sur
pression. 

On observe aussi que le debit de radon dans la ventilation au niveau du 
point LI, pout un debit de ventilation constant de 2 m3/s decrott reguliere-
ment quand la pression crolt en ce point (tableau I). 
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c/ Etude de 1'influence de la ventilation sur la concentration_en 
descendants du radon 

Dans les m&ies conditions de ventilation on a effectue des mesures de 
1'energie a totale suivant la methode exposfie par THOMAS (2). Les resultats 
exprimes en "Working Levels" WL sont egalement precises dans la fig. 3, 

On constate aussi qu'a debit egal, le niveau exprime en Working Levels 
est plus faible lorsque la mine est en surpression; le facteur de reduction est 
constant et egal a 0,7 lorsque le debit est supirieur a 3 rn^/s, 

Ces resultats ne sont probablement pas valables dans tous les cas, mais 
lis confirment que la mlse en surpression des mines d'uranium apporte une 
reduction des quantites de radon dans 1'atmosphere de ces mines, cette reduc
tion pouvant §tre appreciable dans certains cas, 

II - petecteur indlviduel pour la dosimetrie des descendants du radon 

La surveillance indlviduelle du personnel est effectuee actuellement 
a partir de mesures locales, le calcul des quantites inhaiees par chaque agent 
tenant compte du temps de travail aux differents lieux, 

Un detecteur indlviduel capable de fournir une mesure correspondant a un 
preifevement continu et representatif de I'air inhale par le mineur permettrait 
d'obtenir des valeurs plus significatives. C'est pourquoi nous avons developpe 
un tel appareil brevetfi permettant d'evaluer 1'energie a totale des descendants 
du radon (7). 

Pour evaluer cette inergie il est necessaire de mesurer separement I'ac
tivite du Radium A et celle du Radium C* qui se trouvent dans des proportions 
tr&s variables. L'appareil (fig. 4) pesant environ 150 g comprend un dispositif 
de preievement allmente par batterie permettant de collecter les descendants 
du radon sur une membrane millipore; le debit est de I'ordre de 4 litres par 
heur®. Un detecteur constitue par du nitrate de cellulose colore an rouge 
(LR 115 Kodak Pathe) est place face au filtre h environ 20 mm, Les particules a 
emises au piveau du filtre doivent traverser un collimateur & deux canons et 
des ecratis avant d'atteindre le nitrate de cellulose. 

Sur le premier canon I'epaisseur de I'ecraa est choisie de fa§on k 
arrtter les a du Radiim A et & detecter ceux du RaC' dont 1'energie residuelle 
est de I'ordre de 3 MeV. 

Sur le deuxi&me canon I'ecran est tel que I'energie residuelle des a du 
RaA est de I'ordre de 3 MeV alors que celle du RaC' est de I'ordre de 5 MeV, 

Les caracteristiques du nitrate utilise sont telles que les a de 3 MeV 
sont detectis et ceux de 5 MeV ne le sont pas. 

Le premier canon pemet done de mesurer le RaC* et le deuxifeme le RaA, 
c® qui permet d'evaluer aisement I'energie a totale des descendants du radon 
accuouies sur le filtre pendant un temps trfes long de I'ordre de la semalne ou 
mtoe du mois, 

Gr^ce a I'utllisation das colllmateurs et des ecrans les traces de 
particules apparaissent aprfes attaque chimique sous forme de taches blanches 
toutes identlques sur fond rouge (fig,5). II est alors aise d'evaluer le nombre 
de traces par la mesure du flux lumineux de longueur d'onde convenablement 
choisie qui traverse le nitrate (8), 

Les premiers resultats obtenus avec un prototype dans la mine experlmen-
tale ont montre une bonne concordance pour une dizaine d'essals effectues pour 
des etats d'fiquilibre varies avec les valeurs fournies par la methode de THOMAS. 

Actuellement quatre appareils sont en cours d'essai de longue durSe dans 
les conditions d'utllisation au fond de la mine. 
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Conclusions 

La protection, contre le radon dans les mines d'uranium ayant une impor
tance considerable, des experimentations de longue duree ont &t€ entreprises 
dans une mine experimentale. On a pu deja constater que la fraction de par
ticules ultraflnes non fixees ayant un coefficient de diffusion moyen volsin 
de I,5,IO~2 cm2/s et non pas egal a 5,4.10-2 devrait ^tre prise egale a 3 % 
de I'activite du Ra A a I'Squilibre. 

En ce qui concerne les moyens pour abaisser les niveaux de pollution, la 
mlse en surpression des mines est d'ores et deja a considerer comme efficace. 
Quant a la surveillance du personnel, 1'utilisation de detecteurs individuals 
capables d'evaluer correctement I'energie a totale quel que soit I'etat 
d'equlllbre est a prevolr au moins pour une partie des mineurs, les premiers 
resultats des essais etant satisfaisants. 

Pi^.i 
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Tableau I 

Debit de radon (10-7 ci/s) Pression (nm d'eau) 

9,2 

7,4 

7,3 

5,7 

- 45 

- 2 

+ 2 

+ 56 

Variation du debit de radon dans la mine 
en fonction de la pression 

pour un debit constant de 2 m3/s 
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Fig. 3 

J. - Concentration en radon et en descendants du radon exprimee en ¥L 
et debit de radon en fonction du debit de ventilation, la mine 
etant en depression. 

II - Rapport entre la concentration en radon ou la concentration en 
descendants du radon pour la mine en pression et celle corres-
pondante pour la mine en depression, en fonction du debit de 
ventilation. 
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LONG-TERM MEASUREMENTS OF RADON DAUGHTER ACTIVITY IN MINES 

B. Haider, W. Jacobi 

Institut flir Strahlenschutz 

Gesellschaft fiir Strahlen- und Umweltforschung mbH 

Milnchen - Neuherberg, Germany 

Abstract 

A rugged, portable filter monitor for the long-term measurement 
of Rn-daughter activity in mines with direct indication of the 
cumulative exposure is described. The monitor is equipped with 
rechargeable batteries and enables continuous or fractionated air 
sampling at preset time intervals over a period of 1 - 2 weeks 
with one battery charge. The results of continuous measurements 
over a one year-period in a fluorspar mine are discussed. 

Introduction 

A significant excess of lung cancer mortality with increasing 
accumulated Radon(Rn)-exposure has been observed among uranium 
miners in the USA and CSSR. This fact emphasizes the suspection 
that workers in mines with high Rn-content in air belong to that 
groups of radiation workers with the highest somatic radiation 
risk. Compared with this risk the surveillance of the radiation 
exposure of these miners is still not adequate. The main causes 
for this inconsistency are the complex distribution of Rn and its 
daughters in mine air, which varies with time and place, and the 
difficulties of personnel air monitoring under the abnormal work
ing conditions in mines. 

In the past air monitoring in these mines was restricted 
mainly on measurements of Rn or its daughters in single air probes, 
which were taken in more or less large intervals of time. Taking 
into account the varying air activity in a mine working area ro
bust, portable and battery-operated monitors are needed which 
enable long-term measurements and indicate the accumulated expo
sure over a long time period. Several instruments of this type 
were proposed and tested in the last yearsj~6 

With respect to their applicability in uranium and fluorspar 
mines we have studied different methods to determine the time-in
tegral of the activity concentration of Rn and its daughters. For 
the continuous measurement of Rn-gas itself we used the electro
static deposition of RaA-ions, formed by decay of Rn-atoms in a 
chamber with Rn-permeable walls. The results however have indi
cated, that the Rn-sensitivity of this method depends strongly on 
the air humidity." This method seems therefore not suitable for 
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Rn-monitoring in mines. 

For long-term measurements of the accumulated exposure to 
Rn-daughters in mines we have developed on the basis of the fil
ter method portable monitors with low-power consumption. In this 
paper the design and properties of this monitor and the results 
of test measurements in a fluorspar mine are described. 

Description of the Air Monitor 

Two types of surveying instruments were developed: A direct-indica
ting monitor with a Silicium-a-detector and a nondirect-indicating 
instrument using track etch foils as integrating a-detector. 

SAMPLING PROBE ELECTRONICS 

Protection foil 

Removable lid " ^ 

Fig. 1; 

Cross section through 
the sampling probe of 
the monitor and block 
diagram of the elec
tronics 

Figure 1 shows a schematic cross section through the sam
pling probe of the direct-indicating instrument and a block dia
gram of its electronics. The outside air is sucked in through 
slits in the sampling probe, passes the fibrous filter and is ex
hausted on the other side of the probe. The sampling probe can be 
easily opened for filter replacement. The small air blower is 
mounted in the sampling probe,* its operation voltage of 3,5 V is 
stabilized to assure a constant air flow-rate. With the normally 
used cellulose-asbestos filters (effective filter diameter 18 mm) 
a flow-rate of 2.5 liter/hour was adjusted. As a-detector a p-Si-
licium semiconductor with an active surface of 240 mm^ (0=17.5mm) 
is used_ĵ  whose surface is protected by a thin mylar foil of 
1 mg/cm'' 
face is 5 mm. 

1A 

T̂  thickness. The distance between filter and detector sur-
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After amplification and pulse height discrimination the detec 
tor pulses are counted by a combination of an electronic scaler 
and a 4-digit mechanical register. The electronic part includes 
also a timer and switching circuit for the air blower, which ena
bles automatic, fractionated air sampling in preset time intervals. 
All electronic parts are designed for low power consumption. The 
total power consumption of the monitor is about 300 mW, from which 
about 200 mW are required for the air blower. For the power supply 
rechargeable dryfit PC-accumulators are used, which enable with 
one battery charge an operation time of 8 - 9 days at continuous 
sampling and of about 18 days at fractionated sampling. 

The electronics, the counter and the accumulators are en
closed by a stable, water and dust protected metal housing, to 
which the sampling probe is flanged on. All operating elements and 
plug sockets for external connections (rate meter, pulse height 
analyser) are mounted behind a lid to prevent contamination by 
dust and undesired changes of the adjusted operation values. Only 
the mechanical register can be read through a window in the metal 
housing. The instrument dimensions are 23 cm x 12 cm x 32 cm 
(height). Its total weight is 7 kg, from which about 5 kg falls to 
the accumulators. 

In a second type of this instrument the Si-a-detector is sub
stituted by a track etch foil with the same effective diameter; 
in this type the detector electronics and the counter are omitted. 
Foil etching and a-track counting is done by the usual techniques 
and are described in detail elsewhereP 

Instrument Calibration 

For the monitoring of Rn-daughter mixtures in mines and room air 
the concept of potential a-energy concentration and the unit 
1 WL = 1.3 x 10^ (pot.a-) MeV/liter air have been introduced. As 
described earlier the described instrument was constructed with 
the aspect to determine the time integral over this energy con
centration over long exposure periods. The total number ZQJ(T) of 
a-tracks or a-pulses, respectively, counted with the instrument 
during a time period T is connected with this integral or accumu
lated exposure E(T) by the equation"; 

Bnfv 
Z„(T) = - ^ - • E(T) 

In this equation means n the counting efficiency of the used type 
of detector, f>0.99 the deposition efficiency of the,filter, 
V = 2.5 ± 0.3 liter/hour the air flow rate and p = 7.6 8 MeV the 
potential a-energy of one ^ °Pb (RaB)- or "̂̂  ̂ Bi (RaC)-atom. 

The correction factor g depends on the relative composition 
of the Rn-daughter mixture in the measured air, which varies with 
the ventilation rate Xy and the rate constant X^ for the attach
ment of free daughter atoms to particles in the considered mine 
area.^ It was calculated on the basis of the box model for Rn-at-
mospheres which was developed by one of the authors'^ and is given 
in figure 2. This graph shows that the variation range of the 
correction factor B is rather small and a constant value g = 1.05 
can be applied to most mine and room atmospheres with sufficient 
accuracy. 
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Fig. 2; 

Correction factor 3 for 
instrument sensitivity 
(see text) 

•""O 5 10 15 20 25 30 ĥ  

The counting efficiency n of the direct-indicating instru
ment with a Si-a-detector was determined by comparison with cali
brated a-sources. At the normal operational conditions used it 
results rigi = 0.18 + 0.01. With this value it follows an instru
ment sensitivity in the case of continuous sampling: 

S = Zoj(T)/E(T) 

= 0.061 + 0.011 counts per (pot.a)MeV'hour/liter air 

= 7900 + 1400 counts per WL»hour 

This corresponds to a sensitivity of -79+ 14 counts per pCi»hour/li-
ter air of each daughter nuclide in the case of radioactive equili
brium in air. The built-in scaler enables a reduction of this sen
sitivity in steps of 1/2 to a 1/128 of this value or 62 counts per 
WL'hour. In addition the sensitivity can be reduced by the built-
in timer for fractionated air sampling. The background counting 
rate is about 5 counts per hour. The lower detection limit of the 
instrument is therefore comparable with the mean concentration of 
Rn-daughters in atmospheric air. 

The sensitivity of the instrument with track etch foils was 
determined by simultaneous field measurements with both types of 
instruments. Depending on etching conditions and the used foil 
material it is about a factor 0.2 - 0.6 lower than the sensitivity 
for the direct-indicating instrument. 

Test Measurements 

Test measurements with 2 instruments of each type were performed 
so far in 3 fluorspar mines in East Bavaria.^ One direct-indicat
ing monitor was continuously in use for one year at the same work
ing area in a mine drift and was operated and controlled by the 
foreman of the miners in this area. He read off the counting re
gister of the instrument normally at the beginning and the end of 
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each working shift. The resulting time variation of the potential 
energy concentration in the mine air during this one year-period 
is shown in figure 3. The annual mean value was about 1 WL, where
as the daily mean values are varying in the range from 0.4 - 3 WL. 
Figure 3 indicates that the short-time variations from day to day 
in this mine area are rather small. However, a rather strong long-
term variation of the Rn-daughter level is observed. 

i' 

g 1 
o 
o 

MINE "E-'m UOm 

Daily mean values 
Annual mean value 

(20 Nov. 1971-20.Oct. 1972) 

J L 
Nov Dec 

1971 
Jan Feb Mar Apr May Jun 

1972 
Jut Aug Sep Oct 

F i g . _3i Variation of the continuously measured Rn-daughter activi
ty in a working areac£ a fluorspar mine in East Bavaria 
(Nov. 1971 - Oct, 1972). 

This variation is mainly due to the change of the air venti
lation during the extension of the mine gallery. During the period 
from November 1971 till about May 1972 a rather constant activity 
level pf about 0.5 - 1.0 WL was observed. In the following months 
the fresh-air supply to the driving gallery was reduced. During 
this period the air-activity increased and reached rather high 
values of 2 - 3 WL in July - September 1972. After break-through 
of a new wind gate the supply with air of low Rn-content increased. 
Subsequently the Rn-level in the working area decreased strongly 
and reched a rather constant level of about 0.6 WL in October 1972. 

The variation of the Rn-exhalation from the walls of the gal
lery due to the mining activity was probably not so significant in 
this fluorspar gallery, but might be certainly of more importance 
in other galleries, especially in uranium mines. 

In either case, these test measurements indicate the necessi
ty of long-term Rn-monitoring to get more information about the 
real cumulative exposure of miners. 

This work was financially supportea by che Ministerium fiir Bildung 
und Wissenschaft of the Federal Republic of Germany. 
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OUEHHA PAAHnAHTHBHOrn «AHTnPA HA nPE,T,nPHriTH'lX 
npn^m/iEHMncTM PE,IKHX M UBETHÎ IX HETA/I.IOB. 

IfipCHHH n . n . , E/IDBCHaH J l . T . , HaHHTaHOB ] . T , , 
/iMxaHBB J . n . , CarapHHd C . i l . , X y x / i a e s a C . A . 

' iHCTHTyr PHrHeH.^ r p y A a H npospaafiDJiBBaHMH AMH CCCP 

r . I^OCHBd, 

COH33 COBBTCHMX C OI4M ai l M CT M HSCHHX PBCnyd/ lHH. 

Suramary 
"<fhen working with natural radioactive raT-r materials of dif

ferent nineral composition and different snecific activity due 
to the type and conditions of the particular jobs the environ
ment in which nan irorks can reveal different extents of activity 
of individual comnonents of the factor of radiation. 

Surface jobs with mineral raw materials and their processed 
products are extremely typical for their dusts containing 
long-tern a-irradiators. Such dusts pollute the air environment 
of some production premises of ore-dressing and chemical and 
metallurgical enterprises. 

Under examination was the state of health in workers with 
lorg-term of service. Mo harmful effects upon the respirative 
organs which could be directly related to the radiation factor 
have been discovered so far. However the longest tern up to 20 
years was only in a small group of the examined. 

The amount of 'T'h incornorated into the workers 'lungs evalua
ted bv the T)reliminary data taken from the entire body and: the 
Tn content in the resuirated air did not exceed I50 pCi. 

The authors studied 3500 white ordinary rats intratracheallj/ 
injected ';ith dusts of various specific activity as well as chro 
nically ingalated -̂ or long terns. It has been found out that 
with a combined dust-radiation action the lowest effective doze 
to affect the lungs is close to 200 rem. 

In view of the increased fibrogenic properties of dusts 
containing radioactive elements the authors stiess the necessity 
to consider the long-term natural radioactive cont)onent of mine
ral dusts when fixing the uermissable limits of general uollu-
tion within the OT>eration zone o-f the production promises. The 
authors regard as onen the question on -nossible distant effects 
in workers with 30-50 years of service since with the length of 
service increased it is quite possible for the lungs to absorb 
doses equal to the maximum -oernissable ones. 
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IZ6 

O SOMlfBLfBXOatnAOD WaHHeaodMirBJHH kMHOShMHOdX 3 HXHaUlMdaUOHt, 
VCJOHHCMtlBHtfeO H CJCBaiTHU - BOdCXHBCp MMh 

-PHHQWCH MOV-eX H H B XO katfEC B XB M 8 XOtfa ITO DU XISH X B H dUQ JB l/g E h XRHMLWECB 
O aHHSlf BBXOtr'BdLJ SXMBBXaCO RQOXh 'OJOX Bl/tf OH hO XBXOCtfa H CUHg BkH 

-atfoitrgEH BHOSJO cjCHhBoaw HX-21. ^ wxooHaHXHe MOH=ii/8t"'A BHSCOA CJOH 

_t''CXOH H 'MUEHE SIfA IHk HBH 'HXOOHBHXHB HGHHl/atfA HOHt'odndu CV.'U/OX 
ysLTPu kSHHeBCESLrouoH o ' HMHBactr'ai/aoH aviaohexoou HOHhhgo Hdy 

°CJ0B3LfRU 
aHO0 BH BdoxHe0 cjOHHCHheHt/ed aHHBMua HXMBBHB 'MBhAt/o „yMrnt/'Ax„ 

MisHsireadaH BH axshoed a ewBtf HXOAU 'HifMi/OBeou ng andoxGH 'BXHak. 
-HdauoHE MHBOLfoA BHHairgAjAoA BLfb" qooi/BHawndu HWBH ^Qq^ ycHHaaxo 
.-OAHOM H1.(H BXHHBMdOX ' B XMdOX Hddac!) HOBBgotf XHHHaaXOOAviOH XBhO BE 
Mai/f u xnwaAb''ai/ooH HXOOHBHXHB ycHsi/ayA aHHahHi/aa/;; 'j/MdofH /^H'^ 

'p-Ot"'^ c^' lAiaHHShMt/acA wRHHaaxooAHOH aa A oinxocHSHXHE PCHst/atfA 
WH MBtpAoHdu 0 PuuAdj HOBOXHdeuoi/ M HcacHOHdnii soxBdxHahHOH H 

tfAo XHhiewdab OQMHLOX XRH<HU-8W8E0HL''sd XllNhMlfEBd Hl/HU HO Hl/P 8 C E H l/CUO H 
uaMHatfsBB kiRH'^LreaxBdxedxHM kiRHxedwoHl/o o xexHakHdauonfc a koxe Hdy 
•cH^ixocHaMXHeoHb'Bd XH 0 HEbao a 'Mairiiu xHHHi/BGaHMw XHhiBwaab'coMMdox 

XHkHdcaxoBdoHtr'Adx axoyoao xRHHajoxeu uHHShAtH ou BMHeaDfai/ooH 
SRHHi/exHawHdsuoHe HHafaaodu oRdH xRHtfcdcuosg xRi/ag oygt, B|-| 

•MdcHHCHHu ugi, - oi/yrnHaadLj BH 'sxAij-'EOB 
kiowaexRyRa a BHOOOX aMHEwdBfLO ou M ei/ax ojaoa aHNhxahO BH HHH 

-adawEH XRHSLfsxHdBBtfad'j kiexBxsi/Atad ou BoaariiaeaHHatio 'XMhogec XHH 
-JBLf B UHCOX CJOHHBBOdMdOUQOHHH CaXOahMl/OV, 'HOhOk O JHk (j [, 'UiCt/BH 

o JHW OZ oi/pniPB8du BH aoxedxogAooHg aaxoshMi/OH kOHhoxAo a Bndcx 
aMHBmdab''a3 'XMhcged xRHHeacVai/ogo suuAdj HornHtropaH a HHHU XAH 

-JHXOOtf LfHQ 'Xai/ [,2 Cb' - WBXO H HHIH LfCg H B H CH 'edOXHB^ C J OH H O HiiB Htf 
-Bd WaHaXOHStfEOB 0 HEBBO uAwBdU a HXHBBXOOU Rg Cl/Rg OHWOk) aRdCXOH 

^BHHBXHtf acHBjdo RHodoxo CO aoxHa4)(te XHbiaBtrwadaou oirHabRB SH XHH 
-ogBd xHHHBaodMmBXO Bsacdcfe BHHHOXODO aHHShAtM M aoi/i/Bxaw XHHtfad 

HxooHHaL'fiiHkiodu xbHXBMdutfsdj BH xHtnaexogBU 'tiHt/ ei/oHh EH uuAdj 
XRHHLfBHOHOOaiiJOdu XRHbHUEBd MXO OWSB B &Lf OgB £ MaHBOdA aHH&HHBd^ 

•HMaXOMatfECB WOH 
-HOHilBHtfeO ykiQXOHh,, HdU BHBd B HH B 8 Od MhAfH H BUtf MkRk HtfOXgCS H RHBH 

-EHdu aRdoxoH *X8X ariiHHaw BHHahAugo XBEOV Hdu XMHJ&U BHBd aHHeaoH 
-HMHEOa HXHBOl/oAgO xAjCW BROOXOH 'aOdOXHB(p XMHBX Hb-'BdO HOXMtfOXBH 

Rl/RU OXh "WCX O SHHaHiOt/CUt/'adU Hl/BBREBHORS « < , a CH HHtfAd XRBOHBOA 
XHhoged BH BMaxoMafEca ojcHHOHhBHb'Bd BHaloCai/ocu XHrnaeaMHaVio 

'Hsi/axBBOtfai/ooH b'bd CXH 'aai/og wax 'eci/i/Bxaw XRHxaah M XHHtfad 
HxooHHauTiiHkodu HMxaMduVadu yai/HU XRHHaurii ikodu BXH8HCUUCH CJOHBHX 

-HeoHb'Bd-OHHaaxoaxo& Mt/od SHHatio H o&daxHH HIBH HsxbHou 'Awoxfcoy 
•t-^'x H WMHBBHdexBE 'aHaoxxHTii 'aoxedxHatiHCH aHb'caotf' cu HMhedauo 

aRHHaifOHhOjcHw 'xBHHdges;. XRHHi/axHXBjogo BH aDi/t/exaw xHHxaati M 
XMHtfad aoxBdxHatiHOH BHHatriBjogo XBfoxaw XMXAO Hdu xogsd RbHa aoa 
*XBDa=ldBH XRXRdHXO 8 XBHHBXO XRH h emOdBti) BH HlUgBO bOXBOOHXC WBX 
-OgBd WMHBX VI • yOl/aXBhAl/EM-BpHl/B XMhAs MHiC J1/Ob' 'MMH8hl8kOU XRHHBB 

-xofcaeMcdu H HOE xHhogsd XRdoxoHaH Ab'aoo CHAnriiAb-'EOB XHbaBHEbdjBE 
*XBLfRU a BHHBwdatoo acHHBOXoou OHdaxHBdex OHHagcoo HHXogedadau 

oja HwexwAtfodu M wa-^dRO wRH^LfBdaHMw o xogsd XHHWSEBH UUY 
'HWBE&j H MWBi/GEOdee HwHH8MXHBOHt/ed Rtfado 

HOHniAtfEOa WaHHaHSbdjBL BOSXBtfhfLacdUOO XSWCW XRCOXOH aHHaHtrouRB 
'RXCgsd HHai/BHHB BtfAdX HHSOiroA BMHahAEM StfCX 0 '(j/HdfflH oi_Ll,.u 

Otf J/MdCIH , , 0 I, .U XO) BCXHSwaiffc XRHSHXHBOMtffcd-CHHaaXOaXOa B'^dRO 
kOHSl/BdaHHW WCHtfOXOH B BHHBWdefOO BCH'=IU"8X H h B HE8 H BH tSOXOkOaj-l 

•BHBdA H BHdox efHO aoxHawai/e xRHaHXHecHtfed-CHHsaxoaxoa xBtf 
-Acj xRWBB^iBJogo H xRwaBaRgotf a wsMHBwdatfoo BHSi/aoi/oAgc Bou-t/Bxaw 

XHHtfad MXOCHHSl/riRWOdU XBMXBHdutfadU BH tiXOCHObUO UBHHDMheMb'Bd 



8S6 

'HMdox HMHstfaawaAuou tfoHdau cxh 'BWHBX OHSi/soHexoA oi/Rg nHHeaotfaira 
-OH xRH=ufBXH8WHdauoHe BOXBxqi/Aead MMhei/ouBdxoHe HHHeaoHoo BJ-| 

"BOOMl/g 
H Bb'<=SI/M(j)hXHl/ AtfOXSW OU XRHHetf 8HiOQBdgO HdU HHahAlfOU 'S-l7 'OHd 

BH aRHHab'saHdu 'Hdiawedeu aHHoahHXOHXBxo aRHaoHOjj '(g "OHd) 
XRHXOaHW XRHRLfOdXHOH A AwoaOHBX OHhHJOl/BHB Ol/RQ ^^13 '(HHdSO 2) 

cleg ooz uAhiDiBmRaadu AEotf BH BdxowoaH 'wojAdti' g "(^ 'OHd) HHdao 
5, XHHXOaHW H (y^) BIJ-QdXHOH OJOHOahMJOLfOMEMq) OJOHXOBdeOa XHHXOHHW 

A aoBOHBX W8h 'amHH OHHaaxoahiAo CUHQ OSj_g HHdao XHXe XHHXOBMW 
A 'BBhAiro woHtfo a '£ H 2 XHHdao a BUHASU BH deg QOZ ^smnuog seotf 

Hdu HBH Hex *aoooahodu XRHXOSHW ewEHHejdo a XMhiHtr'oxoModu qxooH 
-WOU'O XCHAdHdXOHOWSb' MHHAOHJ '(S'fr 'OHd) XRHXCBHW MHEMW HXOOHSlfSXMW 

-tfOtfOdU SMHaWHHO OHahBWXO BHdox MOHHOAatf HOXOHh H BHdox CMSOHHOAetf 
o BHOMdnh HaoBwo BMHHHi/a GjOHHSirgAjAoA NHHeaotfairooM Mdjj 

•xHHXoaMw XHHjay wowdeooi/AHHiado^wMif HHHShHi/aaA 
M (g 'OHd) eeodsi/HoowasHU edaxHsdex woaojsho BBUOQ a sooi/ewedRe 

oxh *deg ggZ ^ HOHEHi/g «HEOtf yatngo xsho BE BHexoMatrEoa eirehBH 
xo wehuoaw Q[,-s|, H HSI/RU exoHoao XRHHSJOXBU BHHSUHOK aodoxowaH 
OHBhawxo exHauiHdsuoHo g •aoi/eA XHHOBHHXBCJJWHI/ woxai/H xRHtfHCftJWHi/ 

HHhBeHXewEBI/U *BXHl/OMXHOdg H eXMXHOdg OJCHOahMHOdX 'BEOHHOHOW 
-88HU 0_!OaOJBhO-OHEA(t>!}JHtf O jahlOiAdHOOSd JOdU OgBtrO HHEHEHdU Hl/MSBRB 

HMHBaOtfaifOOH SMHOahHJOl/CqjdOWOXeU •BHHhHirj H BHHEMir RXCl/OMHCHHWB 
1̂ , 0 ou MOHShaW BHHahCHl/HB "^XOOH 8 HO HSXH H BOXSBWHHO 'BGHirag XRWHd 

-oaxoedsH M XRHdswwAo *MXOOHaHXMB MOHRi/sb'A Msmqi/ogHBH HBI/RU CHHOXO 
-HatfEOB XRxAnjdaatfou 'XRHXOBMW HHBHX HOHhOuair a ( z '3Hd) eHMi/odu 

-HOHO aaxoahHUOH aoHxairoogB BoxaBaHhHi/aaA AHodo am Awoxe y\ 
•BXH8WMdaU0H6 Bl/ehBH XO WBhBOaW 21- W BOXaBl/BBOOU 

*(%S6< ^^xooHdaaoxoof) CBHirxahxo OHHagooo OXH 'exBdxHshHCH CM=iifHu 
O XBHdaO 'HXOOHBHXHB OU »XRH h H JO IfeH B B M HEX *HXOOHaHXMB HOH 

-HuatfK Hsmsi/ogHBH MWBLfRU HWRHtfAd o XHHdao a HBH BoaahiCMeb'fmfgBH *HH 
-BHX MOHhOjair Boaa ojoxAo aMHShMuaaA xaAdndxaHOwal/ i, 'ond *HBX 

^HXOOHaMXHB 
HOH'^i/str'A XH HMHahHi/aeA sdaw ou MBUHU HxooHHajcdgHCi) BMHai/noA BB 

-xaqifsxayHao SRHHairoHhOJOHW Hireb' Hai/axBEBHOu XRHHBEBHAarnRa EM SHJ 
-OHW W0XH8H0UWOH WRHHOHhBHtfBd HOBBgOtf XRHH8 8 XOO AHO H XahO BE WHHHai/ 

-HoA o yai/Ru aw xsx M nat/Ru XRH'^ITedsHMW xRHanxMBOHtfed-OHHaaxoaxos 
HXOCHH8JOXBU HOHRUBXHHBedO MHHahAEM W0H«1!/BXH 8W MdSUOHe Hdy 

'BHBjdo OJOHOBhHXHdH HBH 'OJOHjaU HaHBHX MMHaHaWEH 
XMH08hHJOirO(})dOWOXBU M XHHO Bh MWHXOM g B MHBB Ctfei/OO M RXBXHLfAESd SWHBX 

B *XRHXOaMW MHEMW HXOOH Hlf 8 XH Wl/CtfOdU 'HQOdH M 0H08 h HdS 0 MdSU HaiT 
-8XBEBH0U BHHHOXOOO 'BMHeXRlf OJSHITiaHa MHhWHAtp 'aHHweHMb* 8 XRHXOS 

-Hm Birsx Boaa exoodndu aouwax uHHahAEM ou SRHHEf MueaoaxogooouQ 
RHMhMLfea Hcxe oiHHai/BBRQ "deg (j[j2 " BBHEMi/g BEob* BoXBBuaB aMHjair 

BH HOEOtf HOHBHXHa(4}4)e-OHSUBWMHMW MHBXOyab'ECa WGH H OMtlB MtfedSlf RU WCH 
-HBBOdMHHgWOH Hdu OXh 'HLfHaBRB B MHBaOb'aLfOOH BRHRlf eXHSWHdaUOHE 

•J/Hd(HH n_Oi-'" XBHaOt/oA XRH HS aXOffC 8 E HCdU 
B yahiDiBniHaedu SH 'MXOOHBHXHB HOHsirBtfA yoHEBd HWBaxoahiaa HWRHanxHE 
-OMtfBd HWRHHaaxoaxoa o XHtacHexoged '\IHI/ BXHBXHOH ojoH^ifBHOHOoscpodu 

cjaHxatr-os aooahcdu a REOII' yoHhHjot/BHB BMHBb'Eoo CH'^XOCHWOWBOH 
'^toBireaoxHMb' sehAi/o woHXsdHHOH wctfwBH a 'REct/ yoHdewwAo BHMhHi/ag 

•astrog H deg QSZ ^'^ *deg XMHRI/OHOSH xo - sHHjai/ BH Eotf XRHHstnci/jou 
XRHhMl/EBd aHC(iJ BH MHBXOHab'EOa XRH H O HhB HtfeaaLf RU XMHOShMHOdX HUBV 
-ow "^toei/BBBb^Eoo XBHactroA XRHSLfsxHawMdauowe a *woEBdgo WHHBX 

•HURU BXH8HOUWOH O JCH HOMhB Htfed SMnBHl/B SOCUBUBBRa 
GJOdOXOH 8HO(t) BH 'BOOShodU O JOHOBh HXOHH CH OWB SHU XMHJ8U B BHXHB 

-eed tiuV ojoHhOXEXQctf 'saxoahHi/OH - Baxoabiaa jw SI-US "^lOOirHUOHBH 
XHHjau- a HHaedxBE AhHow H Rgoxh 'wax o pW/jw OOt'-OOE yoHBBd enedg 

-RB Bl/Hg 'MHWdstf'BE 88 BXHBMhHCpCpeOH M Hl/RU MXO OHOdaUO Htf WOXBhA O 
adawBH a BxAtfEoa =ixooHHai/FiueE •.woaoHBXoA XRHHOMhbi/ejHH mshiowou 
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*ZZ6i- *XBtfEHwoxe '69-ydH MxooHOBuoeag yoHHOHhsMb-'Bd RwdOH '9 
•£961 'b'BdjHMHa[/ * „BXH8c|)(ije ojCHoahMjoi/OHewdeq) MHHSho yoHHaaxoah 

-MUCH RXHawSLfE,, AwOHSHB l/Sg * [/' y ou »dMXHh b'UMCphXHI/ H OOHtfg 's 

'b9fal, 'z:0££.9Z hi oaxoRi/sxab-' 
-Mao aoHodoxay • aatiyaoHO^j'^'U * BBHoaoi/g'x*i/ 'asHeai/Byy |/| 'f 

•9U-901. 'tjJ-3 '^96!, 'BBHOo^, ' ^eHHtiMtray^ oe-bfEH 
'aaxotfOBEHOou BH waHHeaofcBdpoeirRu o Bgsdoy,, "go g 'xexeHMgwow 

XRHSLfaxHxejcgooHdoj BH b'Ad XMHoahHU-i/BxawMuou yaoawndu XRHSMXHeoHtf 
-Bd HMHShBHE WOHO 8 h HHS H J H J Q^ B 8 CH X8hOH ' V * 1 ' b BHO BC Lf 3 » X • [/ •£ 

'Q<^6i * UOq-SUTllSB/i *XI3UTIOO 
uoTq.Bip-Ba jvas^sjj •sauxtu tuntWBjn jo sansodxe uoxq.BxpBii 'g 

'L961 '¥sn 
'buTUXEi xunxuBan ux SpjBZBi uoxcj.'Bxp'Ba jo X^-IJUOQ sqcj. aoj. aouBptnb 

pssxASj: g oil xfOunoQ UOX%MXJ'B\I xvj.3-gB^ si|Cj. JB q.j:odey jjBq.g ' |, 

• BH4)BdjCMi/gHy 

•BXHaHOUWOH OJOHBHX 
-HB-e$=ii/B ojstnAaMwoji/ob' ny-Ru a MhHu-BH wcxahA o bo=»XBaMi/aeHBXoA RH 

.wtrob' SRdoxoH 'HHOE yshogBd sxAb'Eoa MXooHHSURUBe Malmgo yanaodA XRW 
-nxoAuob* uoxHiriQBOBH *yHHBaogadx XHMoshMHBMJHjatngo wSMHatfCHU-goo BXAH 
-jHXOOtf RXRg xawow •^xooHoeuoeag BBHHOHhBHtfBd (j/Mdoiw g.Oi-H sBucg 

an) HXOOHBHXHB HOHsu-atrA MOixBw HWBaxoahiaa o xexcged H'dy °£ 
•deg OOZ XHnmt/og 

'EOf BXHBXHOH O JOH <H Lf BHO HOOaCp OdU XBLf Qg BE XMhOpBd HWMMJSir aHH8h 
-AirCU OHWOWECa XBHBOI/OA XRHHSaXOtfOaBHOOU a HBH HBX *WHHOBUO-OHHOHh 
-BHb'Bd H BOSXMOOHXO RHHLfOtf 'XSdXHahHOH MHaOXMdBUOt/ HBH MWMHBX * MW 

.BBXoatnaa HWHHaHXHBOHb'Bd-OHHaaxosxoa o xoged RtfMa aRdoxoHaj-i 'z 

'tiegooz 
BHBBd MHBXOyab'ECa WOHHOHtlBMtfBdai/RU WOHHSaodHHHgwOH Hdu ORdH 

XRHtfodouoag XHi/ag annjau BH BEOI/ BBHaMXHacj)(j)e BBH'=iirBWMHH|^ ° j, 
IHVOSHB aHincHAtfat/o meu 

.atfo OHWow yHHBaotfai/ooM XRHHaVaaodu HMHsaoHOO BH woEBdgo WMHBX 
• HHH 

-almawou xRHHaaxotfoBEHcdu sxAb'eoa a KEI/RU PMHescdHwdcH kOHoshHHSHj 
-HJ Hdu BXHSHOUWOH O JCH 8 HXHBC H^Bd XBl/HU 8 BMHSWdstfOO BXahA MXOOW 

-HtfoxgoBH wcaxosi/Bxab'Hao sxRg xawow *deg QOZ BBHaed •eECtf BBHBHX 

.H8(|)(|)e OHRl/BWHHMW aXHaWHdBUOHE B HWBH BGHHS1/8 OHB XO A WHXE 0 HEBBO g 
•gdsg {j£l BHBBd XBLf Qg BE Bl/BHOOdSU UUtt "[jVU 'WSX O BXOBWg 

•BXHeXHOM OJ 
-CHSLfBHOHOoattiodu oj8Hxai/-[js aMHShax B deg OLEl BXBdxHahHCH ojcaox 

-Mdeuoi/ aaxofcaEModu HOU B 'deg nOE •^i.ejHxootf xawow *BXBdXHahHOH 
OJOBOHOHdMh aBXOb'OaEMOdu BH XRXBHBE 'XHhOgBd HWHHJBl/ B B H H ahlOl/JOU 

"BEctf OXh 'OHahAi/ou waxAu wHHxahOBd RHOE yahogBd exAtfEca MXOOH 
-H81/RUBE ysHBOdA XRWHxoAuob' HMHSt/ui/goo Hdu Bb'jox ' xau 2'S o^' 8't? 

xo xeifBtfaau a BoxntfoxBH Bwaaoi/ah Bi/tf *8MHjaif a XMriisBuou 'BXHdBuoi/ 
M BHCMdHh aoi/edsHMw-HHHaHHti'aoo XRHtfodndu MI/RU BEXODO a ojahiBtr'cxa 
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A RADON DAUGHTER MONITOR FOR USE IN MINES 

A. C. JAMES and J. C. STRONG 

National Radiological Protection Board, 
Harwell, Didcot, Berks, U.K. 

Abstract 

A self-contained monitor for the measurement of airborne RaA, RaC and the 
working level, WL, in the shortest practicable time and with a minimum of cal
culation is described. The ratio of two gross alpha-counts gives, directly, 
the ratio of airborne alpha-emitter concentrations, RaC'tRaA, after collection 
on a filter. This is achieved because the contribution from airborne RaB to 
the measured alpha-activity is minimised by choosing short sampling and coun
ting times. The RaA concentration is derived from the first alpha-count, 
during air sampling. WL is derived from the second alpha-count. No back
ground correction is recqulred. Systematic errors in estimated (quantities are 
small. With a total measuring time of eleven minutes, the limits of detection 
are approximately 1 pCi/litre for RaA and 10"'̂  for WL. 

Introduction 

A radiation hazard from the short-lived radon daughters in uranium and 
other metal mine atmospheres has been convincingly shown.1 Most of the 
epidemiological studies made in this context have used the working level (WL) 
as the unit of exposure. 1 WL represents the concentration of radon daughter 
activity in an atmosphere, and is defined as any combination of the daughters 
(RaA, RaB, RaC and RaC) in one litre of air that results in the emission of 
1.3 X 105 MeV of potential alpha energy in decaying to RaD. The unit is 
numerically ecjual to the total alpha-energy arising from the decay of 100 pCi/ 
litre each of RaA, RaB and RaC, but does not depend on the state of daughter 
disecjuilibrium. Nevertheless, it is often useful to know the RaA concentra
tion and state of daughter disecjuilibrium as well as the WL. The concentra
tion of the first daughter, RaA, because of its short half-life, responds 
rapidly to the radon gas concentration. This information can be valuable, for 
example, in locating a poinr of injection of fresh radon and/or daughters into 
an airstream. With the location of such a point, corrective action can be 
considered. In this case, a quick, on-the-spot assessment is very helpful, as 
additional measurements may be indicated. For this purpose, the RaA and RaC 
concentrations adecjuately describe the state of daughter equilibrium, whilst a 
measurement of RaB adds only little useful information. 

A prototype radon daughter monitor (RDM) has been developed with the above 
points in mind. We have chosen to measure only the RaA and RaC concentrations, 
hence the counting procedure and the calculation of results have been greatly 
simplified. Both sampling and measurement normally take only 11 minutes and 
results can be calculated using a slide rule. An important feature of the 
method is that electronic recjuirements are simple, amounting only to the 
scaling of gross alpha-activity. 
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The Radon Daughter Monitor 

Fig. 1 is a photograph of the prototype monitor. The instrument is por
table and weighs 5 kg. 

Mechanical details 
Air is drawn through a glass fibre filter (GF/A, Whatman UK) at 10 litres/ 

min. The carbon vane pump (LIO, Rotheroe & Mitchell UK) is battery powered. 
Sampling rate is monitored and all components are mounted in a sealed case. 
Alpha-counting _ 

Alpha activity on the filter is detected by a 450 mm diameter surface 
barrier diode (ORTEC) mounted in the filter holder. The front electrode of the 
detector has been specially thickened to 0.5 mg cm~2 of gold. This reduces 
sensitivity to chemical contaminants that might be picked up from mine air. 
Scaling 

A charge sensitive pre~amplifier and an amplifier with an adjustable 
threshold are used. The discrimination level is set for a particle energy of 
800 keV in Silicon. This effectively rejects beta-pulses from RaB and noise 
picked up from the pump motor. Integrated circuits and a binary display are 
used for two decades of scaling logic. Four higher decades are counted and 
displayed by a mechanical register (Landis & Gyr UK), A maximum count rate of 
1000/sec is attained by this arrangement. Power for the circuitry is supplied 
by a battery of mercury cells, with a separate dry battery for the display 
bulbs. 
Operation of the monitor 

Operation is controlled by a single switch, the sampling and counting tlrtes 
being measured by a watch. 

The Sampling and Counting Scheme 

We have chosen a procedure that is simple to use underground. Thus, 
sampling times are restricted to 2, 5 or 10 minutes, Ê Sî l. sampling and coun
ting times are used. A fixed, one minute, delay between the 2 alpha-counts 
reduces the likelihood of timing error. 
Conversion factors „ 

Mercer's general formulation of radon daughter decay was used for cal
culations on a digital computer. Computations were checked against published 
data3»4. 

Fig. 2 snows the build up of alpha-activity for ecjual sampling and counting 
times when ecjual airborne concentrations of radon daughters are collected on a 
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f i l t e r . RaA con t r i bu t e s almost h a l f of t he t o t a l a l p h a - a c t i v i t y during samp
l i n g . At sho r t time i n t e r v a l s , both during and a f t e r sampling, t he cont r ibut ia i 
from RaB i s sma l l . 

•SI: ^ 

l a 

3000 

2000 

mo 

3000 

- 2000 

1000 

10 0 5 
TIME INTERVAL (MIN) 

Pigijxe 21 Upha a i s in tegra t ions ftom 1pCi/l , each of HaA, EaB and HaC, saarpled 
a t 10 l . /min and oolleoted on a f i l t e r . Disintegrations a J t e r sampling 
re fe r t o equal sasspling and ooimting times with a l-minute delay in 
•betvreen. The emrelopes of the ourves give t o t a l alpha d i s in tegra t ions . 

In order to estimate the desired unknown concentrations, RaA and RaC, from 
only 2 gross alpha-counts, some assumption must be made about the RaB concentra
tion. We have assumed that the ratio RaB/RaA is a unicjuely defined function of 
the ratio RaC/RaA, 
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Figure 3 : Belative a c t i v i t i e s of daxsghters 
and parent radon as a function 
of g3?owth t ime, according to tvro 
theore t ica l models of growth. 

Figure k' Ratios of radon daughter a c t i v i t i e s 
for two theo3?etioal growth models. 
Plot ted points are r a t i o s measured 
i n U.S. -uranium mines. 

The RaB approximation. F i g , 3 shows the growth of radon daughters from 
p a r e n t radon under 2 d i f f e r e n t c o n d i t i o n s . The 'Mine Tunnel ' model-' descr ibes 
growth during de-emanation of radon a t a uniform r a t e from the wal l s of a mine 
t u n n e l . Air i s moving through t h e t u n n e l , thus growth t ime i s ecjuated to t r a n 
s i t t ime . The ' I s o l a t e d Radon' model^ desc r ibes growth i n s t i l l a i r . F i g . 4 
shows t h a t a d i f f e r e n t func t ion r e l a t e s RaB/RaA to RaC/RaA in t he 2 models. 
Measured values of t he se r a t i o s , from U.S. uranium mines^jV^ a re a l so p l o t t e d 
i n t he f i g u r e . The measured va lues a re b e t t e r r ep resen ted by t h e 'Mine Tunnel ' 
model, b u t they do tend to f a l l below t h i s ( s o l i d ) curve . Rol le° found t h a t 
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s i m i l a r , r e l a t i v e l y sma l l , depar tu res from the simple model are p red ic ted when 
'young' and o l d e r a i r mix i n a mine, e . g . downstream of a j u n c t i o n . P l a t e - o u t 
of unat tached daughters on tunnel wal l s can a l so d i s t u r b t he daughter ecjui l ib-
r ium. However, t he measurements p l o t t e d i n F i g . 4 i n d i c a t e t h a t daughter 
ecjuilibrium i s adecjuately descr ibed by the s o l i d curve. We have assumed t h i s 
to be g e n e r a l l y t r u e . The curve i s a good f i t of the r e l a t i o n s h i p s 
RaC/RaA = (RaB/RaA)2. 

Calcula ted f a c t o r s . P i g s . 5-7 show t h e f a c t o r s c a l cu l a t ed to r e l a t e 
ecjuilibrium r a t i o , QC/QA, RaA concen t r a t i on , QA, and WL to alpha-counts r e c o r 
ded by the RDM. Curves a r e given fo r both growth models. Fu l l computer tabu
l a t i o n s a r e a v a i l a b l e from the a u t h o r s . These allow for t he s l i g h t l y lower 
count ing e f f i c i e n c y observed f o r RaA than fo r RaC with GF/A f i l t e r s ^ . The c a l 
cu la ted f a c t o r s have been v e r i f i e d by comparing l abo ra to ry measurements with 
the RDM and simultaneous measurements by t he modified Tsivoglou methodlO, 

0.5 0.6 0.7 0.3 0.9 W 1.1 1.2 1-3 U 1.5 U 17 

COUNT RATIO (IfllQ) 

Figwoe St CJurves r e l a t ing the measured r a t io of two alpha-counts to radon daughter 
r a t i o , Q c / ^ , for different sa i^ l ing t imes. Equal oo3mting eff iciencies 
for RaA soA RaC are assumed. Solid curves assume 'Mine Tunnel' model, 
dashed curves ' I so la ted Bn' . Inset shows percentage systematic error in 
estimate of QC/Q^ i f the wrong model chosen. 

Systemat ic e r r o r s . The p o s s i b l e e r r o r s caused by depar tures from an 
assumed model a re sma l l e s t fo r s h o r t sampling t imes . In F i g s . 5-7, t he i n s e t 
f i gu re s show the magnitude of sys temat ic e r r o r s t h a t would a r i s e when sampling 
i n s t i l l a i r , i f t he 'Mine Tunnel ' model were assumed to ho ld . These a re a 
func t ion of t h e t r u e QC/QA. Reference back to F i g . 4 shows t h a t s i m i l a r l y 
small e r r o r s would have been recorded fo r t he values measured in uranium mines. 

S t a t i s t i c a l p r e c i s i o n . F i g . 8 (a , b & c) shows the ca l cu la t ed coeff ic ients 
oj' v a r i a t i o n i n es t imated q u a n t i t i e s fo r a range of a i rborne daughter concen
t r a t i o n s . F i g . 8 (a ) a l so shows t h a t a r e a l i s t i c background alpha-count of 
1/mln has a n e g l i g i b l e e f f e c t on the p r e c i s i o n of es t imat ing Q^. Therefore , 
n e g l e c t i n g background, the p r e c i s i o n in an expected va lue , say Q^, can be c a l 
cu la ted as S(QA = l ) / - ^ a » S i m i l a r l y , t h e minimum d e t e c t a b l e concen t ra t ions , 
corresponding to a c o e f f i c i e n t of v a r i a t i o n of 0 . 5 , can be ca l cu la t ed from 
these cu rves . For high radon daughter c o n c e n t r a t i o n s , the maximum counting 
r a t e of 1000/sec l i m i t s the sampling t ime . A two-minute sample i s advised 
fo r concen t ra t ions i n excess of 3 WL. 
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Figure 7s As Fig. 6, hut showing factors 
3:«lating count a f te r saarpling, 
I I , to working l e v e l , ¥L. With 
a 5-minute sample and Q O / Q A ^ O . 3 , 
the factor i s almost constant . 
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Figure 8i S t a t i s t i c a l precision in estimates of (a) Qi, (b) WL and (o) QO/QA as a 
function of daughter equilibrium for 2 , 5 and 10 minute sampling t imes. 
I n (a) two s e t s of data are given; for QA = 1 and 100 p C i / i , Dotted 
otanres show the effect of 1 count/min background when QA = '' Poi/ l» 
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Comparison with Other Methods 

The table displays for comparison statistical precision, number of counts 
recjuired for a measurement, total time and the siibsecjuent computation for our 
method (RDM) and 4 established methods. Two of these methods6,10 give in
dividual daughter concentrations. The other two are presented as rapid methods, 
giving WL only: The Single Gross Alpha Measurement Procedurell (SGAMP) and the 
Instant Working Level Meter-'-̂  (rWLM). Statistical precision for the RDM 
compares favourably with other methods, whilst the monitor offers significant 
advantages in field use. Under conditions of disecjuilibrium, both the RDM and 
SGAMP are subject to systematic errors. These are of the order of 10% for the 
SGAMpll. 

TABLE 1 

CX3MPARXS0N OF METHODS FOR MEASURING RADON DAUGHTER CONCEMTRATICMS» 

RaA 

RaC/RaA 

WL 

No. of asunts 

Time 

Ctomputation 

Spectro^et^ - - -

_+ 5% ± 12« 

*_6% i 12% 

+ 3% ± 3 % 

2 3 

35 min 35 min 

Simultaneous 
equations 

SGAMP ^„„ 
(Kusnetz) ™ ^ " 

+ 1% _+ 11% 

1 2 

16 min 4 min 

Slide Direct 
rule Readout 

RDM 

^ 6 % 

+ 9% 

i 1% 

2 

11 min 

Slide 
rule 

'Calculated coefficients of variation for 100 pCl/1. 
each of RaA, RaB, RaC. Sampling flow rate 10 l./raln, 
except IWLM (3 l./min). Counter efficiency 0.2. 

Field experience with the RDM 
The monitor has undergone continuous development based on underground and 

laboratory comparisons with established methods. Development has reached the 
stage where the pump and counting system function reliably underground, even 
in very humid conditions. Good correlation has been obtained between routine 
measurements of WL with the RDM and the standard Kusnetz methodic. 

Conclusion 

The radon daughter monitor described gives a rapid, comprehensive and 
sensitive measurement of radon daughter activity. Ease of measurement is 
achieved with only small and acceptable systematic errors. The complexity of 
the instrument has been reduced to a minimum. 
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E4D0N EMMTIOI STUDIK IN JADUGUDA 
UHAIIUM MINE 

A.H.Ihan and M. ifeghavayya 
Health Physics Div i s ion 

Bhabha Atomic Hesearch Centre 
Bombay-400085. India 

A b s t m e t 

Badon gas emanating from t h e rock sur faces iB the major source of radon 
i n uranium mines and v e n t i l a t i o n i s the only e f f e c t i v e nieans of keep i i^ the 
radon l e v e l s w i t h i n t h e accep tab le l i m i t s . Q u a n t i t a t i v e e s t i a m t i o n of t h e 
radon e s ^ i » t i o n r a t e s i s t h e r e f o r e e s s e n t i a l f o r c a l c u l a t i n g t he f resh a i r 
requirements of a working f a c e . 

Measurements of radon emaretion r a t e s have been c a r r i e d out i n l a b o r a 
t o r y and i n the uttierground mine. In l a b o r a t o r y , the uranium o re sample i s 
enclosed i n a l a r g e a i r - t l ^ h t g l a s s c o n t a i n e r , fiadon from the sample d i f fuses 
out andaccumulates i n t h e a i r volume of t h e c o n t a i n e r . Samples a r e p e r i o d i c a l l y 
drawn from the c o n t a i n e r and radon a c t i v i t i e s a r e determined. The radon emana
t i o n r a t e i s then computed from the a c t i v i t i e s obtained a t d i f f e r e n t ^ m p l i J ^ 
i n t e r v a l s . 

This paper d e s c r i b e s i n d e t a i l the s t i d i e s conducted in the l abo ra to ry 
a M i n the uranium mines* Resu l t s obtained a r e presented and compared with t he 
emanation r a t e s publ ished elsewhere i n l i t e r a t u r e . 

fhe n»Jor r a d i a t i o n hazard i n a uranium mine o r i g i n a t e s from the s h o r t 
l i v e d radon - progeney, concen t i a t i ons of which nfiinly depend on t t e t of the 
p a r e n t , radon-222. Formed w i t h i n t h e o re body, radon en te r s mine atmosphere 
by d i f f u s i o n through t h e rock s u r f a c e . The r a t e of emaiBtion i a cha rac t e r i s ed 
hj the ore gmde aM p o r o s i t y of t h e rock^ »2. Suction e f fec t caused by lower
ing of t he atmospheric p ressu re i s ano the r a d d i t i v e f a c t o r ^ . Although under
ground water^ and broken ore p i l e s a l s o c o n t r i b u t e s u b s t a n t i a l l y to the radon 
content of a min® d r i f t , t he i » i n supply comes from the continuous d i f f u s i o n 
through t h e ore body. V e n t i l a t i o n p lays t he most e f f e c t i v e ro l e i n reducing the 
a i r b o r n e r a d i a t i o n l e v e l s underground. Knowledge of radon emanation r a t e i s 
t h e r e f o r e e s s e n t i a l f o r an e f f i c i e n t and economic des ign of a uranium mine 
v e n t i l a t i o n system. 

This paper d e s e r i o e s t he e f f o r t s beij%- made a t Jaduguda t o es t imate t h e 
radon emanation r a t e i n t he luranium mine. The present i n v e s t i g a t i o n s were 
confined to study t h e dependence of eimimtion r a t e on the grade of o r e . Simple 
labowi tory and f i e l d methods have been d e s c r i b e d . Enianation r a t e s obtained i n 
Jaduguda Uranium Mine have been compared wi th those repor ted i n l i t e x u t u r e from 
e lsewhere . 
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Itoboratogr acperiments 

S n a i l p i eces of uranium o re were placed i n g l a s s j a r s of appioximately 
one l i t r e c a p a c i t y , and were covered wi th a i r t i g h t l i d s provided with a s top 
cock. The gas emars t i r^ from t h e ore samples was allowed to accumulate i n t he 
f r e e - a i r - s p a c e of t he emarfttion j a r s . Hadon l e v e l s w i t h i n t he j a r s were usua l ly 
fouM t o reach measuiable concentwi t ions i n 5 t o 6 hours a f t e r s e a l i i : ^ . The 
^adon bu i ld -up i n t he j a r fol lows aa exponent ia l p a t t e r n , and reaches a 
cons tant concen t r a t ion va lue a f t e r a per iod of about a month. I n o rde r t o 
e s t a b l i s h t h a t our measurements were done during t h e near l i n e a r region of t he 
bu i ld -up curve , t h e bu i ld -up was followed and was found t o be f a i r l y l i n e a r 
w i t h i n t h e f i r s t 5 d a y s . Al l our sampl i% fo r emanation s t u d i e s were done 
w i t h i n t h e f i r s t two d a y s . Samples of a i r were drawn from t h e j a r a t des i r ed 
i n t e r v a l s d i r e c t l y i n t o evact»ted s c i n t i l l a t i o n f l a s k s . A i r drawn from the 
emanation j a r during sampling was replaced by in t roducing radon f r ee a i r . 
Sampling from each jscr was repeated a t s u i t a b l e intei^vals and the concen t ra 
t i o n of radon a t each sampl i i^ i n s t a n t was e s t i i » t e d by measuring the a c t i v i t y 
i n t he s c i n t i l l a t i o n f l a s k a f t e r a l a p s e of about 2CX) minutes , 

*i'he r a t e of d i f fus ion of radon through \mi t su r face a r e a of t h e ore 
p i ece i s teimed as t h e a i a i » t i o n I&te, *J*, I t can be c a l c u l a t e d us ing the 
fo l lowing f o m u l a s i ^ g e s t e d by Thompkins e t a l ^ . 

K(Cg - 0 ^ e - ^ ^ ) ^ 

3600 ^ 
.(1) 

Where K « 2—Xt" ^ d e p l e t i o n f a c t o r , 

0.J - radon concen t r a t i on i n th® a c c u a i i a t i o n volume a t 
i n s t a n t t.| f C i A ? 

©2 = T&don concent r a t ion i n t he accumulation volume a t 
i n s t a n t t ^ j C i / 1 , 

A s decay cons t an t of ^"^^Hn, h" 
2 

A «r esana t ing a rea of rock su r f ace , cm 

Y s Badon accumxalation volume, 1 . 

P ie ld S^periments 

For f i e l d measurements underground, ho l e s of 34 mm d ia and 1 t o 3 metre 
l e i ^ t h were d r i l l e d i n t he o re body. Holes were t h o r o ^ h l y washed t o remove 
l o o s e p a r t i c l e s of ore d u s t . Af ter f lush ing with compressed a i r t he ho l e s were 
sea led wi th rubber s toppei« provided with a s t o p cock, Mdon emaaa t i i^ from 
t h e Inner sur face of t he rock was allowed to accumulate in t he d r i l l h o l e . 
Samples of radon were d i r e c t l y c o l l e c t e d i n pre-evacuated s c i n t i l l a t i o n f l a s k s 
a t known t ime i n t e r v a l s . Yolume and sur face a r ea of the d r i l l ho le were 
measured* The concen t r a t ions of radon obtained w i t h i n the ho l e s a t d i f f e r e n t 
sampling i n s t a n t s were used to e s t i n a t e t he radon emanation r a t e tising the 
r e l a t i o n shown i n equat ion ( 1 ) . 

BMAMATIOI RAIB DATA 

Eadoa esena t ion r a t e s of twenty one ore samples from d i f f e r e n t a r e a s 
of t he mine were measured i n the l a b o r a t o i y . Grade of o re i n r e spec t of each 
sample was estimated r a d i o m e t r i e a l l y . The ore grades thus obta ined were grouped 
i n t o d i s c r e t e c l a s s e s f o r s i m p l i c i t y , f o r ins tance^ a l l va lues from 0«070 t o 
0»090 were considered as 0»08 and those from 0,090 to 0»110 a s 0 .10 and ao on« 
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The mean of eaenation ra tes of the samples corresponding to the different 
groups of ore grade a re presented in Table-1, 

Table-1 

Itedon I tenat ion Mies of Uraniisn Ore Samples 

Grade of ore Badon Emanation Bates(j) 
» % °a> X 10"^^ Gi/cm^ sec. 

0,02 
0.04 
0.06 
0.08 
0.10 
0.12 
0,14 
0.16 
0,20 
0,24 

Range of Js 0. .10 X 10' 

0,10 
0,41 
0.14 
0.25 
0,67 
0,35 
0.32 
0.85 
0.12 

- ,0,61 2 
" * ' t o 0,85x10 °Gi/cm .sec. 

For f ie ld measurements, d r i l l holes a t 15 locations in the mine were 
chosen and the en®natlon i^tes were es t i sa ted . Hock samples were chipped off 
from arouM the individual holes and the ore grades were es t iaeted. The value 
of J obtained for different groups of ore grades around the d r i l l holes are 
given in Table-2, 

fable-2 

fiadon anam.t ion Hate i n the Mine 

Grade of 03?e 
i% U30g) 

0,02 

o.a 
0,08 
0.10 
0.12 
0,16 
0,18 
0.20 

Eai^e of J i 

Radon Wm.i»tion l a t e ( j ) 
16 2 

X 10" Ci/cm . s e e . 

0 ,13 
0.37 
0.36 
0.19 
1,20 
1.18 
1.35 

1^ 1-69 . . 2 
0 .13x10- ' ° t o I .egxIO" Ci/em s e c . 

DI3GUSSI0M 

The radon enBimtion ra tes obtained in labo3:«tory experiments are 
generally lower than those obtained urrier actual mining coal i t ions . The 
deviations in the two ra ises vary from a fac tor of 1,3 to 2. This variat ion 
nay be at^ibuted to a variety of reasons. One is that the ore pieces used in 
the laboratory studies were veiy simll as compared to the massive ore body 
inside the mine, SecoMly, since the mine employs exhaust type of vent i la t ion , 
the barometric pressure under ground i s depressed in comparison to tbat 
outs ide. The difference in the pressure i s of the order of 32 mm of water 
gauge. I t has been reported that reduction of pressure increases the easna-
t ion of radon^. 
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Contrary to expectations, the attempts made to establish a precise 
r e l a t ion between the ore grade and essinatlon ra te did not yield at^r conclusive 
resu l t in respect of laboratory experiments. Although no def ini te explai^tion 
could be given for t h i s ano3mly, i t i s l i ke ly that the violest forces a t work 
during b l a s t i ^ might have a l te red the rock charac ter i s t ics to vaiying degrees 
and hence the inconsistency. In cage of the undergrouM experiments, however, 
the eisaimtion ra t e did appear to follow the ore grade, as may be seen from 
Figure-I , 

As the atmospheric concentrations of radon in oxir mines are generally 
fouM to be well within the permissible l im i t s , a comparison of ei»nation rat® 
in Jsuiuguda mines with those elsewheire imj be of i n t e r e s t . For t h i s reason, 
emanation x«ites prevalent in American mines and in some so i l s have been 
compiled in Table-3, 

Table-3 

CoiQ>arative Values of Emanation Bites 

Area/Countries Badon asanation Sate J , 
—16 2 

X 10 Ci/cm .sec . 

Jaduguda Mines, India 0,13 to 1.69 

Hew Mexico,USA,(lines)^ 500.00 

Southern Utah,USAp(Mines)^ 150.00 
/ ^6 

Socorro,New MCTico(Soil) 0,90 
Pslindaba,South Africa(Soil)'^ 0.14 
TaHings used as back f i l l in 14.20 

Jadugiada 

This comparison shows that 2®don emanation ra te in Jaduguda mine is 
much lower than those obtained in American mines. Though the ore gi^de in 
American mines are presumably higher than that in our mine (0.07^ ^'^a^* 
t h e i r emanation arates are too high to be accounted for by the ore grade alone. 
I t i s known that in New Mexico uranium occurs in sand stone aai in Utah i a 
shales , Thes® rocks are highly porous as compared to our densely packed 
arehaean and metamorphic rocks. The s o i l s of socorro and Pelindaba, thot.^h 
having lower uranium and radium concentrations, have radon eB»Eation ra tes 
comparable with that of Jaduguda mine. Thus, the porosity appears to affect 
the en»natioa ra tes of radon subs tant ia l ly . 

Bate of radon eaanation was determined by the authors from coarse 
uranium mill t a i l i n g s , used as backfill in the mine. The rate was 14,2x10*^^ 
Ci/cm*^.see. The radium content of these sands was of the order of 60 pCi/g 
while that of the ore of grade 0,075^ %^Q i s about 200 pOi/g. The emamtion 
r a t e of t h i s ore as seen from B'l^ure-I i s 0,41x10'*''^ Gi/cm?sec. The emanation 
l a t e from the saM i s thus about 35 times that of the ore aeppite the raidlum 
content belQg only about one t h i rd . The emaEetion x&t@ from the t a H i r g s would 
therefor® be about a hundred time grea ter than that from the ore when nonml* 
ised to equal radium content. The porosity of the sand was about 5C^ while 
the porosity of the ore was about 0,5/^, The porosity ra t io of the sands to 
the ore i s therefore the same as the en»i»tion r a t i o s , indicating that 
porosity plays a f a r more important role in radon @i«nation than the ore 
gwade alone. 
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DISTHIBroiOI OP AIIBOMB ACTIVITY IN 
A OEAIIUM MIM, USING COBWSm 

Gi r idha r J t o and I .P.Bappen 
Heal th Jhys i e s Div i s ion 

Kxabha Atomic Research Centre 
Bombaj-400085, Ind ia 

ABSfHAOf 

Cobwebs found i n the d i f f e r e n t s e c t i o n s of the uranium mi l l a t Jaduguda 
were observed t o t r a p dus t p a r t i c l e s i n t he r e s p i r a b l e s i z e range(about 6 ( ^ 
respi i« ible)» As such t h e s e were t aken to r ep resen t the dus t p a r t i c l e s inhaled 
by t h e workers , fhe dos t co l l e c t ed from t h e cobwebs were analysed f o r u ( n a t ) , 
ioniws (230Th)j radium (226i^) and polonium (2^0po) . The r e s u l t s i n d i c a t e t h a t 
equ i l i b r ium i n t he a i r b o r n e a c t i v i t y e x i s t s only in t he i n i t i a l s t ages of 
ope ra t ionss v i z dur ing crushintj and s c r e e n i n g . In o t h e r s e c t i o n s of the mi l l 
t he equ i l ib r ium i s fouid t o be d i s t u rbed t o d i f f e r e n t d e g r e e s . 

immmGTioN 

f o r a r e a l i s t i c e s t i i aa t ion of i n h a l a t i o n hazaM as soc i a t ed wi th 
uranium o re m i l l i n g j t h e a c t i v i t y f z a s t i o n of t h e cons t i t uen t l ong - l ived alpha 
e m i t t e r s i n r e s p i r a b l e dust must be known. This may be aacompliahed by sampling 
and ana lys ing the a c t i v i t y content i n the r e s p i r a b l e f r a c t i o n of the a i rbo rne 
d u s t . 

I t was observed t t o t cobwebs present a t t h e p lant s i t e t i a p very fin® 
dus t p a r t i c l e s * The purpose of the presen t s tudy i s t o detennine ttie s i ze 
d i s t r i b u t i o n of t h e p a r t i c l e s thus t rapped amd t o e s t i i i e t e the r e s p i r a b l e 
f r a c t i o n t o dec ide whether t he dust on cobweb can be taken t o represen t the 
dus t inhaled by t h e workers . Fu r the r cobweb samples co l l ec t ed from d i f f e r en t 
o p e r a t i o n s i t e s have been aiaalysed ehefflieally f o r the ind iv idua l l o i ^ - l i v e d 
a lpha e m i t t e r s t o s tudy the d i s t r i b u t i o n of alpha a c t i v i t i e s in the a i rborne 
d u s t , 

BXgSBIMSBTAL DBPAILS 
The Cobweb 

The cobweb fouM a t t he p l an t a r e mostly woven by an orb weaving 
s p i d e r "Mic ia the ia G i a c i l i s " , fhe cobwebs have the following p r o p e r t i e s ! 

Diameter of the net 
Splial s|»cing 
lumber of support thread 
Diameter of support thread 
Diameter of spira l thread 
Shape of the f xaiie 

-
-
• 
-
». 
-

25 - 30 cm 
3 •» 5 cm 

22 - 28 
1,25 " U75 pM 

1 - 1,5 )ffli 
hexagon 

The cobwebs were c o l l e c t e d from d i f f e r e n t u n i t s of the p lan t l i k e 
Crushicg and Screening , S r l M i n g , Dewater i i^ , f i l t r a t i o n aM C l a r l f i e a t i o n i 
P r e c i p i t a t i o n and lecove iy and f a i l i n g s Treatment p l a n t . Five samples were 
c o l l e c t e d i n each a r e a a t i n t e r v a l s of t h r e e months. 
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I t e r t i d e Size Measurements 

The dust adhering to the cobweb samples was stripped usir^ d i s t i l l ed 
water to which a few drops of 0,01 I sodium hydroxide was added. An aliquot of 
the dust laden l iquid was transferred to an A.O, Spencer Bright l ine Countii^ 
Chamber, After about t h i r ty minutes delay (for complete s e t t l i r g of the 
suspended dust) the dust par t ic les were sized using May's type g ra t i cu le s . On 
an average more than two buMred pa r t i c l e s were sized in each ease, 

Bstination of Respira-ble .gractioa 

In order to i»ke the necessary calculat ion to estimate the respirable 
fraction of the dust collected on the cobweb we have followed the method 
suggested by Schulte^, The respirable fract ion i s obtained as a product of 
the mass frequency and the corresponding lung deposition factor obtained from 
the LASL curve. 

Chemical Analysis 

The sample was dried aM weighed. Organic material was oxidised by 
repeated treatment with cone, HNO3, leached and taken up in 4 I n i t r i c acid. 
Sstimation of U (na t ) , ^^Ojj^^ 226;^ ^j^^ 21 Op^ ^^^^ carried out takir^ sui table 
al iquots of the prepared solution. 

Percentage d i s t r ibu t ion of the long-lived alpha a c t i v i t i e s were 
determined by taking the ra t io of the counts due to the individual isotope to 
that of the t o t a l , 

ESSmTS 

Size Distr ibut ion and Bespirable Fraction 

The dust pa r t i c les obtained from cobwebs were found to follow 
log nonaal d i s t r ibu t ion , Hepresentative data on the size d i s t r ibu t ion and 

respirable fract ion are given in Table 1 and 2 , 

Table-I 

Size Distr ibution and Bespirable Inaction 

"fr^uency ""lui^ Bipo- "leipirabrS' 
s i t i on % Fraction 

( M a Curve) 
Diameter 

Projected a 
Dp(pa) 

Aerodynamic No, TEssT" Hemarte 

0,68 

0,10 

1,55 

2,20 

3,10 

4,40 

6»25 

0.75 

1,18 

1,67 

2.36 

3.33 

4,73 

6,70 

56 

61 

54 

27 

12 

4 

1 

1,2 

5.2 

13,0 

18,3 

23,1 

22,1 

16.8 

100 

100 

100 

80 

55 

30 

10 

1,2 

5,2 

13.0 

14.6 GMAD-1.07 

12.7 ^e - S,77 

6,7 MmD-2,85 

1,7 

CM4D s Count Median Aerodynamic Diameter 
MMAD = liiss Median Aerodynamic Diameter 
0"g = Geometric staMard deviation 
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t a b l e d 

S t a t i s t i c a l Mramete r s and Bespirable F w c t i o a 
Of Cobweb Dust a t D i f f e ren t Operat ional Stages 

"Geometric" 
Standard 
Devia t ion 

Opera t ion Bulk Densi ty 
of the d i ^ t CiAD HH4D, 

% respirable 
Sehulte Regresaton 
Method' graph^ 

Crushing and Sereenirg 2,7 

Grindir^ 2,7 

DewateriHg 2,7 

f i l t r a t i o n and Clarif icat ion 2,7 

Precipi ta t ion and Becovery 5,4 

Ta i l i i ^ s treatment 2.7 

1 .08 

0.99 

1,12 

1.18 

1,67 

1,22 

1,79 

1.95 

1,79 

1,69 

1.94 

1,72 

2,99 

3.75 

3.00 

2,70 

6,24 

2,95 

51.4 

44.0 

59.9 

57.6 

14.5 

55.0 

58 

48 

58 

65 

25 

60 

Distr ibution of lK>Hg"liyed Alpha Emitters 

Percentage contribution of loi^-^lived alpha a c t i v i t i e s in a i r durir^ 
different operations are given in Table»3 and shown in Pigure»-1. 

Table-3 

Activity Distr ibution of loi^»lived Alpha Emitters 

Operation Percentage of gross long-lived alpha emitters 
_ ^ ^ _ p , ^5^5" ^2ES ^~2TU^ 

Crushing and screening 

Grindii^ 

Dewaterii^g 

39,50 

45.50 

58.00 

F i l t r a t i o n and c la r i f i ca t ion 72.00 

Precipi ta t ion and recovery See. 91.00 

Tailii^-s treatment 30.50 

20,50 

16.50 

15,00 

11.50 

6,90 

21,70 

20.30 

20.30 

12,00 

6.40 

1,10 

23.90 

19.70 

17,70 

15.00 

10,30 

0.80 

23.90 

DI3C0SSI0M OF RBSPLTS 

For calculatii:^ the respirable fract ion of dust txapped in cobweb, 
the sehulte method has been followed and the resul ts have also been verified 
by an a l t e n a t i v e method^j following a theoret ical curve between MMAD and 
arespirable f iaet ion for given standard geometric devlation(Table-2). 

Chemical analyses of cobweb dust collected from different stages of 
operation indicate that during the i n i t i a l stages i . e . crusfaii^ and screenii^ 
radioactive equilibrium exis ts in the airborne activities{Tafale-3|Pig.1). 
Airborne uranium ac t iv i ty in th is section i s about the same as the rest of 
the ladionuolides of i n t e re s t . But during subsequent operations, uranium 
ac t iv i ty i s predominant as compared to the r e s t . 

947 



Higher values of uranium in the airborne dust during gr ind i i^ and 
dewaterlng stages i s probably due to the addition of recycled iron cake and 
s lur iy containing signif icant amoimts of urani i» . 

After leaching of the crushed ore w)st of the a c t i v i t i e s except uianitti 
remain with the waste cake which i s separated during f i l t r a t i o n aM sent for 
t a i l i ngs treatment. One would expect airborne uianium in th i s section to be 
less than the other three alpha emitters ooni&ides^d. But in p » c t i c 8 th i s was 
fouTKi not to be the case. 

The predominance of uranium at the stages coming a f t e r f i l t r a t i o n i s 
easi ly explained, since the solutions and sol ids handled are r ich in uianium 
as compared to other alpha emit ters . But i t i s seen that the airborne uranium 
is higher also in the f i l t r a t i o n section contrary to expectations. This i s 
possibly due to cross contamination from precipi ta t ion and recovery areasi 
since both the sections are housed in the same building without par t i t ion 
betwen them. During t a i l i ngs treatment which is separately housed, as 
expected uranium values are l e s s than radium, polonium and ionium. 

COMGLUSIOM 

Cobweb dust samplii^ provides a long-term a i r sample of par t ic les that 
are most l ike ly to be Inhaled by the workers. This has an edge over the 
conventional a i r sampling techniques with cyclone or other size dlscrimir»tirg 
devices, which are sui table only for grab sampling and hence are inadeqtmte 
as far as a v e r s e conditions are concerned. Analyses of cobweb samples for 
lo i^- l ived alpha emitters give fa i r ly good idea about the ac t iv i ty d i s t r i bu 
t ion duri i^ different stages of operation. 

Since the (MPC)^ for gross loqg-lived alpha a c t i v i t i e s depends on the 
s t a t e of radioactive equilibrium of the constituent nuclides in a i r , we propose 
to revise the existing (iPC) value on the basis of the above f ind i i^ s , 
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AN INSTANT WORKING LEVEL METER WITH AUTOMATIC INDIVIDUAL 
RADON DAUGHTER READOUT FOR URANIUM MINES* 

Iteter G. Groer*, Donald J. Keefet , William P. McDowellt 
and Richard F. Selman* 

* Radiological and Environmental Research Division 
t Electronics Division 

Argonne National Laboratory 
Argonne, Illinois 

Abstract 

The Instant Working Level Meter (IWLM) evaluates the Working Level 
and the individual Rn-daughter concentrations in an uranium mine atmosphere 
within five minutes. The instrument is portable and fully automatic. The WL 
and the RaA, Ra B and RaC concentrations (pCi/liter) are displayed in digital 
form. Calculation of these quantities is performed by a pre-programmed CMOS 
calculator chip using the counts observed in the instruments three channels 
(RaA, RaB + C, R a C ) . The Rn-daughters are collected on a membrane filter at 
a flowrate of 12 l i ter/min. a-spectroscopy is performed with a silicon surface 
barrier detector, the (3 + Y ~ counts are detected with a plast ic scintillator plus 
PM tube. No assumptions about Rn-daughter equilibrium are made. Only con
stancy of the Rn-daughter concentrations during the time of sampling (2 minutes) 
is assumed. The unit is entirely solid state with exception of the photomulti-
plier. The range of the instrument is 0.01 - 100 WL. 

Introduction 

1-3 
The commonly used methods to determine the WL (Working Level) and 

the short-lived Rn-daughter concentrations in uranium mine atmospheres suffer 
from several shortcomings. It takes a minimum of 17 minutes to complete the 
measurements using the fastest of these methods and in the most frequently 
used procedure the Rn-daughter equilibrium and the influence of the build-up 
time of the activity on the resulting WL is neglected. The first attempt to solve 
these problems'* produced an IWLM (Instant Working Level Meter) which was 
capable of automatic WL determination but was limited by the low air sampling 
rate and the high y -sensi t ivi ty of its (3 -detector. The pseudo-WX due to Y -
background has been reduced by about a factor of fifty in the instrument d e s 
cribed in this paper. This was achieved by increasing the sampling rate to 
12 l i ter/minute, use of a thinner scintillator (0.003 In.) and shielding of the 
(3-detector. 

This research was sponsored by the U . S . Bureau of Mines under Contract 
No. H0122106. 
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Description 

Mechanical Assembly 

A schematic drawing of the air sampling system is given in Fig. 1. 

After a one minute background counting period and a two minute sampling 
period, the filter paper tape (Gelman, Acropor, pore size O.Sjj.) is moved from 
the air intake by spring tension to position the active area betwe'en the a-
detector (ORTEC, silicon surface barrier detector) and the (3-scintillator (NE 
102). After a delay of three seconds, the two minute counting period starts 
automatically. After this period, the WL and the RaA, RaB and RaC concentra
t ions in pCi / l i ter are read out on command. After completion of the measurement 
the active spot is moved from the counting position and discarded. We found a 
self-absorption of 0.4% in the filter paper (Gelman, Acropor) using the method of 
J. Shapiro^. A carbon vane pump (GAST) driven by a printed circuit motor 
delivers a sampling rate of about 12 l i ter/minute. A tachometer senses the 
revolutions per minute and is part of a feedback system ensuring constant flow-
ra te . 

Electronic System 

The electronic circuitry consists of three major subsystems: the de t ec 
tion subsystem, a control-computer subsystem and a power subsystem. (See 
functional block diagram.) The detection subsystem is further broken down into 
the a-detection channel and (3-detection channel , the pump motor regulator and 
drive circuit , the high voltage regulator and the solenoid actuator for the paper 
drive system. 

Detection Subsystem. The a-detection channel consists of a surface 
barrier detector, a high gain charge sensitive preamplifier, a pulse amplifier, 
and a single channel analyzer to separate RaA from R a C . The overall a-
detection gain is 5 volts per pC. 

The p-detect ion channel consists of a 10 stage low noise high gain 
photomultiplier, a NE 102 scinti l lator, a high gain charge sensitive preamplifier 
and a discriminator. 

Power Subsystem. The power subsystem consis ts of 13 rechargeable Gel 
cell batteries and a connector which selects either individual cells for the 
external charging circuit or combines the bat ter ies into the power pack which 
consis ts of an 18 V, 3 Ah battery for operation of the pump, a 6 V, 3 Ah battery 
for the digital components and ± 12 V, 1 Ah batteries for the linear components. 

Control-Computer Subsystem. The control section of the control-com
puter subsystem consis ts of a CMOS driven sequential control circuit which 
applies the timing pulses for the fully automatic operation. 

Also included in the control section are three burst generators, one for 
each output (RaA, Ra (B+C) and RaC)^ used to generate double pulses for each 
single input pulse during the background counting period. These doubled back
ground counts are subtracted from the normal sample count through the use of 
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up-down counters (accumulators) to compensate for the y -background. Gamma 
shielding i s achieved through the use of a lead shield (see Fig. 1) and by 
positioning the batteries around the detector section. The control section also 
controls the input gating, signal routing and digital resets of the computer 
section to provide the proper compensated two minute sample count to the 
accumulators. 

The computing subsystem is essent ial ly a pre-programmed buss oriented 
digital processor. This processor accepts digital data from the accumulators, 
combines it with various stored constants and from this data calculates Working 
Level and the individual Rn-daughter concentrations. The processor consis ts of 
a MOS calculator circuit , a program memory, a constant memory, a system clock 
generator, accumulators, calculator driver, display driver, and display as 
shown in Fig. 2 . 

The entire circuit except for the memories is assembled from CMOS 
digital integrated circuits which offer very low power consumption and high 
immunity to electrical no ise . 

In order to understand the operation of the circuit , a brief explanation of 
it's component parts follows: 

1) The program control section consis ts of two programmable read only 
memories (PROM's) which store the program s teps , a program counter 
which advances once for each program step, and a 4 line to 16 line 
decoder which t ransla tes part of the digital word from the memory into 
individual commands such as add, enter accumulator A, enter constant 
5, multiply, e t c . The data l ines from the PROM's are also used to 
select the location of a particular constant in the constant memory. 

2) The constant memory consis ts of two PROM's which hold the 12 con
stants required for the calculat ions; a memory address register which 
locates and clocks out the constant requested by the program; a set 
of clock controls; and a set of transmission gates which tie the mem
ories to the data b u s s . The constant consis ts of six information 
words which may include a decimal point. The use of PROM's allows 
a field change of constants should changes in counting efficiency or 
flowrate alter the equations. 

The information is entered onto the data-buss in a bi t -paral le l , digit 
serial fashion. The system clock provides the timing information 
required to serialize the data . In a particular timing sequence, CO 
through C15, the clock pulse 0 1 steps the program memory register 
to the next location. If the command at this location cal ls for entering 
data from an accumulator, the constant memory or the flowrate correc
tion switch, then clock pulses 02 through C15 enter the data into the 
calculator. If the new program step called for an operation such as 
multiply or add, then this operation would be entered into the calcu
lator at time C I . When CI appears for the second time, the program 
again advances and new data is entered or a new operation performed. 

The clock generator consis ts of an oscillator driving a binary scaler 
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whose output is decoded in a 4 line - 16 line decoder to generate 
clock l ines CQ - C15. These lines are then routed to the proper 
locations in the system. 

The data buss is terminated in the calculator driver card which shifts 
the voltage levels from those required by the PROM's to those 
required by the calculator circuit . After the level shifting, the data 
buss is decoded in a 4 line to 10 line converter to obtain digit 
information for the calculator while a separate conversion is performed 
to obtain the decimal point information. These decoded data are then 
used to control information inputs to transmission gates which enable 
the calculator inputs . The calculator is interfaced to a Light Emitting 
Diode (LED) display for the presentation of data . 

Theory and Calibration of the IWLM 

The WL is a linear combination of the short-lived Rn-daughter concentra
tions as shown in the following equation: 

WL = 1.052 x l O " ^ N „ + 5.908 X 10"^ (N„ + N_,) (1) 
A B O 

Therefore, the three unknowns N/^, N B , N Q (atoms/liter) have to be determined 
to evaluate the WL. This is done by relating these quantities to the counts 
observed in the three channels of the instrument, as shown below: 

A = 0.580386 E^ V N^ 

B + C = (0.036204EB + 0.0015e4Ec) VNA + 
+ (0.098134EB + 0 . 0 0 6 9 4 1 E Q ) VNg + (2) 
+ O.lSlOOOEc VNc 

C = (0.001584N^ + O . O 0 6 9 4 1 N B + 0. 131000 NQ) E^V 

A = a-counts in RaA - channel 
B+C = P+Y -counts from RaB and RaC 
C = a-counts in R a C - channel 
V = flowrate (liter/minute) 
E^ = detection efficiency for RaA and R a C 
EB = detection efficiency for RaB 
EQ = detection efficiency for RaC 

The numerical coefficients in (2) follow from the laws of radioactive series decay. 
The half-l ives used are: 

RaA: Tj^/2 ^ '^•^^ ™i"-
RaB: 1^/2 = 26.8 min. 
RaC: T i / 2 "̂  ^^'"^ ™^"' 

For example, the numerical coefficient (0.580386) in th j equation for A follows 
from: 

(1 - exp (-X^tB) )exp (-X^/20) (1 - exp ( - X ^ ^ D ) ) A A (3) 
with: 

X^ = decay constant of RaA = 0.227621 
tB ~ 2 min. sampling time 
t-T) = 2 min. counting time 
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The first term in (3) describes the bui ld-up, the second the decay of the RaA 
activity during the 3 s ec . delay and the third the accumulation of counts during 
the counting period. The analogous coefficients for daughter and granddaughter 
products are more complex and are not given here. E^ is determined by compari
son with a calibrated hemispherical gas-flow proportional counter. EB and E Q 
are calculated in the following manner. First N^/ Ng and N Q are determined 
from the a-counts observed using the following equations: 

N^ = 0.926838 E A V A ( 5 ) 
NB = (-0.879403A(5) - 11.12606C'(5) + 2.752840C'(30) ) EAV (4) 
N Q = (0.049957A(5) + 4.232080C'(5) - 0 .25I541C'(30) ) EA V 
A(5) = RaA counts observed during five minutes starting three 

seconds after the end of the two minute sampling time. 
C'(5) = R a C counts observed during the same time interval as above. 
C(30) = R a C counts observed during thirty minutes starting three 

seconds after the end of sampling. 

The numerical coefficients in (4) follow again from the laws of radioactive series 
decay. Since their derivation is straightforward but lengthy, it is not given 
here. With N^, Ng and N Q known Eg and E Q can be determined from the follow
ing equations: 

BC(5) = ( 0 . 1 2 7 9 0 7 N A + 0 . 2 3 6 1 3 8 N B ) VEg + 

+ (0.010200 NA + 0.028418 NB + 0 . 311000 N Q ) V E Q 
BC(30) = ( 0 . 9 8 I 7 2 2 N A + 1 . 0 5 0 6 2 8 N B ) V Eg + 

+ ( 0 . 3 8 5 8 9 5 N A + 0 . 4 7 8 1 1 6 N B + 1 . 2 5 6 9 5 9 N Q ) V E Q (5) 

BC(5) = total |3 -counts observed during five minutes starting three 
seconds after the end of sampling. 

BC(30) = total p -coun t s observed during thirty minutes starting 
three seconds after the end of sampling. 

With EA, Eg and E Q SO determined, equations (2) can be inverted. Prop
erly scaled the inverted equations give the Rn-daughter concentrations in 
pCi/ l i ter and the WL as a linear combination of A, B + C and C . These inverted 
equations are programmed in the calculator subsystem of the IWLM. It is clear 
from this description of the calibration that the IWLM determines the Rn-daughter 
concentrations and the WL without any assumptions about Rn-daughter equi l i 
brium. Since all weighing coefficients are strictly proportional to 1/V, a flow-
rate variation can be easi ly corrected for. This correction is accomplished by 
setting the ratio (calibration flowrate/observed flowrate) on a thumb wheel 
switch indicated in Fig. 2. Recalibration of the IWLM, if used at different 
elevations or with different flowrates, is therefore unnecessary. 

Tests 

We tes ted a prototype IWLM in the experimental Dakota Mine in 
New Mexico. The resul ts are shown below: 
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est 

1 
2 
3 
4 
5 
6 
7 

WL 

0.88 
1.44 
1.11 
1.47 
0.71 
0.32 
0.52 

IW 
RaA 
(p( 
173 
231 
219 
292 
110 
74 
89 

LM 
RaB 

3i/li 
85 
129 
104 
149 
69 
33 
62 

RaC 
tre) 
68 
140 
92 
105 
63 
21 
28 

a-Spectroscopic Method 
(See Eq, (3)) 

WL 

0.83 
1.51 
1.12 
1.44 
0.76 
0.31 
0.40 

RaA 
(pC 
171 
233 
217 
296 
142 
76 
90 

RaB 
i/li 
80 
150 
109 
146 
73 
30 
38 

RaC 
tre) 
66 
137 
91 
107 
64 
20 
29 

Kusnetz 
Method 

WL 

0.85 
1.58 
1.12 
1.43 
0.71 
0.31 
0.44 

WL, RaA and RaC concentrations determined by the IWLM and the spectro
scopic method are in good agreement. The same is true for the RaB concentra
tions in most c a s e s . The reasons for deviations like in Test 2 and 7 are not 
clear. More tes t s are needed to clarify these discrepancies. 
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Fig. 1 Detection, air sampling and paper transport mechanisms of the IWLM. 
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Abstract 

A 15 cm -dla 0»1 cm thick lal detector and an Ar-CHA propor
tional counter with a 300 cm2 window are used for in vxvo mea
surements of SlOpb, 239pu and 241 Am content in human Fo^» The 
subject's background was determined from the correlation of the 
counting rates in two channels^ e«g* for 21 Optt 30-55 and 1 GO-
ISO keY, respectively* The detectors were calibrated on MI an
thropomorphous phantom with a thickness of the tissue absorption 
layer varying from zero to 4 cm» 

Calculation methods for nuclide content in critical organs 
and cases illustrating different types of radionuclide distribu
tion in human body are gi-ven» 

Introduction 

The amount of internally deposited radionuclides in personnel 
is accepted by present-day international and national standards 
as one of the basic criteria used in the sphere of radiation 
protection* However, the evaluation of human body burdens of in
corporated 210pt,,239Pu and 241 Am is materially complicated by 
the difficulties involved in obtaining data on the distribution 
of these radionuclides in individual critical organs. The diffi
culties Involved in detection are due to a number of factors and 
particularly, to the low-energy radiation of radionuclides asses
sed. The possibility of obtaining such information is determined 
to a large extent, by proper choice of techniques of in vivo and 
calibration measurements which depend on the pattern of radionuc
lide distribution among and in the subject's organa* 

There are three main types of iistribution of the above radio-
nulcides in human organismi lung^ osteohepatlc and a combined 
one* The specific pattern of distribution is determined by th© 
rhythm and route of the nuclide administration, the chemical 
form of the deposited compound and some other factors» The com
bined type of radionuclide distribution is the most general and 
complicated one, as far as direct measurements are concerned* 

Many important aspects of in vivo assessment of low-energy 
radionuclide content in human body have been discussed in the 
paperŝ '̂ « This work deals with the methods and illustrations of 
measurement procedures for 210pb, ^39'Su and 241 Am for different 
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patterns of their distribution in th© body. 

Equipment 

The unit comprises a detection system and a measurement panel 
with channels for registering energies in the ranges of 10-25s 
30-55, 35-70 and 100-150 ke¥. fhe detection system consists of 
two proportional 7»5 cm Ar-CH4 ga© filled countersvî Ith a 300 cm 
window each and two scintillation counters with 15 cm-dia 0.1 cm 
thick crystals of lal(Tl). The counter window panes are made of 
0.03 cm-thick beryllium plates* The counters are mounted in an 
iron chamber 2x1»5^1»5 m with a wall thickness of 15 cm. Th© 
scintillation counter background is 20 cpm (10-25 ke¥) and 65 cpm 
(35-70 ke?)» The proportional counter background is 3 cpm (10-
2-5 keV)» The counter sensitivity is characterized by the magnitu
de of calibration coefficients (see Pig«1). 

Prediction of the Subject's Background 

The sensitivity and accuracy of in vivo measurements of low-
energy internally-deposited nuclides are determinedi to a great 
extent jby the individual subject's background level and precision 
of its measurement. It is impossible to measure directly the spe
cific background in a given contaminated subject because the con
tinuous distribution of pulses of the diffused radiation of high-
energy radionuclides 40KJ 137Cs, etc. and the photopeak of the 
low-energy radionuclide measurei^ e»g« 210pbj 239pus 241^ are 
registered in the s^e energy int'erval. We suggested a method of 
prediction of the subject's background which is based on the pro
bable correlation between the background counting rate in the 
main channel where the photopeak of the nuclide measured is re
gistered j and the background counting rate in the reference chan
nel, where this peak does not occur« The correlation between the 
background counting rates in these two channels was derived from 
our measurements carried out in a group of people of the diffe
rent build and with different body contents of high-energy radio
nuclides » The experimental data processed by the method of least 
squares were approximated by the following equations 

where l"*̂  - expected background counting rate^ cpm, in the 
main channel in the energy Interval of E1-E21 N - registered 
counting rate in the reference channel in the energy interval of 
S3 - E4 - 100 - 150 keVi a and p - parameters whose numerical va
lues for different energy intervals are given in the Table 1 

Radionucl ide 

210pb 

'"^Wa 
241iffl 

S^-Egke? 

30 - 55 

10 - 25 

35 - 70 

P o s i t i o n of 

Over ches t 
Ovel? s k u l l 
Over ches t 
Over s k u l l 
Over ches t 
Over s k u l l 

De tec to r a 

42,5 
14.80 

9 .7 
0.19 

18*6 
11.5 

/> 

1.37 
O.SO 

0.19 
0.33 
1.33 
0.88 

Methods 

Since the radionuclides of lead, plutonium and americium are 
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generally deposited in the lungs, liver and skeleton. The detec
tors were placed over the lungs and the liver in front of the 
subject's chest and over the frontal bone of the skull^ a loca
tion most convenient for skeletal measurements. 

The body contents of 210pb and 241 Am were measured by scinti
llation counters, while that of 239Pu - by both scintillation 
and proportional counters. 

The set of equations for the values of the activity of the ra
dionuclide deposited in each of the critical organs isi 

^t-,t%-£'-i ' a =1,2,3,4) (E^.i) 

where JL - the counting rate of the detector over the i-organ, 
which is determined by the measured nuclide radiationi qj - the 
desired activity of the radionuclide deposited in the j - organ; 
£LJ - calibration coefficient which is numerically equal to the 
counting rate measured by the detector over the i-organ for unit 
activity of the radionuclide in the j-organ of the phantom. The 
indices used of the equation set (Eq.1) are s 1 - the right long 
2 - the lungi 3 - the liver and 4 ~ the skeleton. 

The value 34 includes the counting rate measured over the 
skullJ while £4^-the same for unit activity of the radionuclide 
content in the entire skeleton. 

Radionuclide quantum radiation was measured in the intervals; 
10 - 25 ke¥ for 239Pui 10-25 ke¥ and 35-70 ke¥ for 24lAm and 
30-55 ke¥ for 210pb. The calibration coefficients B-q (Fig«1) 
were obtained by means of an anthropomorphous phantom which com
prised the skull,trunk and arms and legs. 

Since th© actual distribution of deposited radionuclides in
volves the values of £41? £42 and £43 close to zero, these va
lues were disregarded in the calculations, too. 

Solutions to the equation set (Bq.1) were found from qj =A|/A 
where A is the determinant of the system and AJ is the deter
minant of the undetermined value qj. 

The fourth equation was excluded from the set of equations 
(Eq.1} and the teims containing £14, £24 and £34 - from the 
three first equations^ when 23ypu content was calculated^ on the 
assumption that the X-ray radiation of 239Ptt is nearly complete
ly absorbed by skeletal bones. 

In assessing 210pb or '=41 Am, the counting rate 34 determined 
by ̂ the measured radionuclide radiation was found to be equal to 
that registered by the detector less the background value. In 
the-measurements of 239pu content this equation may be upset due 
to the presence of the impurities of 241Am, the energies of the 
X-ray lines of which lie within the range of 239Pu radiation.In 
such case, the values ot 1± were obtained from the expressions 

™ - v-" Am Am 

^^°^^ p'̂ 'j ̂ yoo-â ) (Eq*2) 
where Ii - the counting rate detected over the i-organ less the 
background value i qjAm - the amount of the activity of 24lAm de
posited in the j-organi £rr(io-25) - calibration coefficients in 
the interval of 10-25 ke¥ obtained experimentally as a result of 
insertion of 24lAm-emitters into the phantom organs. ¥alues for 
qjAm were computed from the data of measurements of the gamma-
radiation of 241 Am in the energy interval of 35-70 ke¥. 

In ¥lvo Measurements Examples 

Case of Lung Distribution of ^^^Am 
Pour people were exposed to the radiation from an americium 
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source as a result of a failure of containment during experimente. 
The nuclide was inhaled in the form of insolible americium dio
xide. 0.4 to 2«2 nGi24lAm was found in the lungs. Pig«2 shows 
the spectruroof 24lAm radiation recorded over the lungs of one 
of the subjects three months after the exposure. Distinct gamma-
spectra recorded over the subject's head were detected at the 
beginning of measurements only CPig«3). As they were not detect
ed after repeated decontamination measures had been taken, it 
was an indication of the surface contamination of the skin and 
hair. Therefore, it provides evidence that it was a case of lung 
distribution of 24lAm. 

Case of Osteohepatio Distribution of Pb 

The measurements were carried out in a group of volunteers 
who took a hydrochloric acid solution of 2T0pb, at pH == 3» The 
gamma-spectra recorded over the subjects' head and liver are 
given in Fig»4 and 5« The activity Q deposited in the whole ske
leton was assessed with due regard to the equations Q »q-k(t)j 
where q is the activity deposited in the skulli k(t) is the coef
ficient of conversion of the skull activity to that of the skele
ton which allows for both the ratio of the masses of the skull 
and the whole skeleton and the nuclide distribution la the com
pact and trabeoulate tissue portions of skeletal bones. The va
lue k(t) varies with time from 16*5 on the first day of radio
nuclide administration to 12*3 on the 100th day, owing to the 
continuous re-distribution of bone-seeking elements. 

The measurement results showed the skeleton/liver ratio to 
be 3 to 4 in the average of four subjects on the 100-th day of 
210pb administration, which points to the skeletal distribution 
of lead chloride in human body# 

Case of Combined Limg-Osteo<-Hepatlc Bistrlbutioa of 

Measurements in aan usually fail to produce statistically 
significant spectra of plutonium and americium radiation* Such 
spectra, howeter, may be obtained by long-term measurements, 
if the thickness of the muscular, fat and skin tissues of the 
subject is not great. Fig#6 shows the spectra recorded by a scin
tillation counter placed over the lungs, liver and skull of the 
subject. The peaks of the pulse amplitude distribution corres
ponds to the energies of 17 ke¥ and 60 ke¥, which indicates at 
the incorporated plutonium and americium. Pig.7 shows the spect
ra obtained by means of a proportional counter placed over the 
skull and the right lung of the same subject* It also shows 
three characteristic peaks which make it possible to identify 
the X-ray radiation of plutonium with energies of 13»6 ke¥, 17»4 
ke¥ and 20.4 ke¥ respectively. The said spectra provided evi
dence that this is a typical case of the lung-oateo-hepatic type 
of radio-nuclide distribution. 
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THE METHODS OF ABSOLUTE CALIBRATIOH OP EQUIPMENT FOE 
MEASUREMENTS OP Pb-210, Pu-239 MB Am~241 IE ElMA^ BODY 

E.Dolguirev, G»II»Kaidanovsky, N.V.Porozof, V.P.Shamov 

The Institute of Radiation Hygiene 

Leningrad 

USSR 

Abstract 

Calibration of detectors designed for in -vivo measurements of 
^lOpbj 230pu and 241^m in human body was~made by means of an 
anthrcpomoKphous phantom. Absorption of low energy photons (13 -
60 keV) in materials simulating various biological tissues was 
studied. The calibration coefficients for the fat tissue (Z=5«9) 
were 3 times as high as those for the muscular one (Z=7«4)s when 
the tissue thickness was 2 citt« In this comaectionj the distribu
tion and ratio of the said tissues in human body vrere studied, 
using a group of 30 men. In calibration phantom measurements , a 
tissue equivalent materialsimulating the biological tissue with 
22^ of fat tissue and 78^ of muscular one was used. Detectors 
have been calibrated for measurements in the energy bandss 10-
25 ke¥ 239 Pa, 30-55 ke?, 210pb, 10^25 keV and 35-70 ke¥ 24lAm 
mid tissue absorber thicknesses in the range from 0»5 to4 cm. The 
effect of such factors as variations in the shape and location 
of body organss radiations of isotopes deposited in the skeleton 
and some others was taken into account* 

Introduction 

The interpretation of the results of in vivo measurements of 
the body 210pb, 239pu and 241Am depends on"TEe~choice of calibra
tion coefficients appropriate to a specific subject* Detectors 
may be calibrated^ using (a) volunteers who take a safe dose of 
the assayed isotope 1*2^ or (b) anthropomorphous pantoms. The 
dalibration made on volunteers may provide sufficiently realistic 
coefficient values which allow for both the complex structure of 
the bone and soft tissue shield and the actual distribution of 
inhaled aerosol throughout the lungs» 

Jowever| such factors as the availability of volunteers, the 
choice of isotopes to simulate a given radionuclide as well as 
the possibility of modelling of nothing more than a particular 
case of the radionuclide distribution in the lungs limit the 
scope of this direct- method of calibration. 

This paper deals with the further development and improvement 
of the phantom calibration technique which can provide numerical 
calibration coefficients for the deposited radionuclide distribu-

969 



tion of the lungs-liver-skeleton pattern. 

Phantom Design and Tissue Equivalent Materials 

The basic criteria used in the phantom development v;ere its 
tissue equivalence in the 10-100 ke¥ radiation band, modelling 
of different types of radionuclide distribution and simulation 
of different thicknesses of the tissue absorber in the region 
of the chest. 

The complete phantom assembly consists of component phantoms, 
of the skull, chest and arms and legs. A natural human skull is 
used as the skull phantom and hollow polyethylene cylinders simu
late the extremities. 

The chest phantom assembly comprises a thin (0.2 cm) plexi
glass shell, containing a human thoracic skeleton and man-made 
organs (the lungs and liver). The free space of the shell is fil
led with the tissue equivalent material. The shell front wall is 
movable and it is provided with an attachment for setting it at 
a desired distance from the phantom sternal ribs. The front ymll 
and the phantom base are supplied with portholes for filling the 
tissue equivalent material and artificial organ replacement* 

Phantom Pilling Materials 

The muscular and fat tissue and the skin are the main consti-
tufents of the human tissue covering the thoracic cage. The calcu
lated values of the mass absorption coefficients for these tissues 
(cm2/g) at 10-100 keY shown in Table 1 (Columns 2, 3 and 4) sug
gest that the fat component should betaken into account in the 
selection of the tissue equivalent material. (The skinj as far 
as its absorption properties are concernedj may be assumed to be 
similar to the muscular tissue). 

Table 1 

^s.^^ T issue 
\ . 

I n e r g y X . 
band \ s ^ 

10 
15 
20 
40 
50 
60 

100 

P e c t o r a l 
muscle 

5*249 
1.633 
0.789 
0.259 
0.221 
0.201 
0.170 

Pat 

2.406 
0.815 
0.409 
0.217 
0.195 
0.184 
0.161 

Skin 

4.854 
1.499 
0.722 
0.237 
0.199 
0181 
0.151 

Mean 
t i s s u e 
s h i e l d 

4.579 
1.356 
0.684 
0.247 
0.212 
0.195 
0.166 

Tissue 
equ iva l en t 
m a t e r i a l 

4.520 
1.357 
0.673 
0.243 
0.209 
0.195 
0.163 

The experimental testing of the fat and muscular tissues for 
their absorption properties were carried on the phantom, which 
was alternately filled with materials simulating each of these 
tissues. Attenuation curves for the X-ray radiation of 239pu 
emitters uniformly distributed throughout the lung model were 
obtained. The experimental results given in Table 2 are consist
ent ?̂ ith the data in Table 1 and support our suggestion. 
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Table 2 

Tissue thickness, cm 

The ratio of photons v/hich passed through 
the"fat"to those which passed through the 
muscles'.' 

1 

1.4 

2 

3 

3 

6 

4 

10 

The ratio of the thicknesses of the fat and muscular tissues 
covering the thoracic cage in the region of the lungs was measu
red in 18 male corpses and was found to vary from 34/66 to 10/90, 
the mean value being 22/78-

Table 1 (columns 5 and 6) gives values of the mass absorption 
coefficients for the experimental mean tissue consisting of 22% 
fat and 78% muscles and the tissue equivalent sugar and magnesi
um oxide based material. The electrDnic densities of this materi
al and the simulated tissue are 3'24.1023 and 3»32.1023 electron/ 
gram, respectively* 

The models of organs , l»e» the lungs and liver, were made 
of the tissue equivalent material to conform to the average size, 
shape and density of their human prototypes. The model shell 
was capron. The lung model shell was filled with a cotton fabric 
soaked in a llaCl solution to reproduce the desired values of 
Z=7.4 andjo=0.27 g/cm. The same material was used for filling 
the liver and chest shells* The experimental coefficients of 
self-absorption of 239pa radiation in the lungs and liver were 
found to be 3»4 and 5»^, respectively. 

Measurement of Soft Tissue Thickness 

Owing to a considerable attenuation of low-energy X-ray radia
tion in the tissues, the accuracy of calibratiofa coefficients 
selected for the measurements in the monitored subject is materi
ally dependent on the precision of measurements of the thickness
es of soft tissues covering the thoracic cage. 

To develop techniques for oieasurement of soft tissue thickness
es, radiograms of tissues in a special saggital plane ¥/ere made. 
Previously, the ratio of the average thickness across this sec
tion dj to the mean thickness of thes soft tissues across the 
whole area covered by the detector d̂  was obtained in corpse mea
surements. 

The equation d^/dg^ 1.05+0.12 holds for this ratio in a wide 
range of W/H variations of 0.37 - 0.52, where f/ - weight , kg*, 
H - height, cm. 

The subject's posture proved to influence the thickness of 
the tissue shield in the chest region. The smallest thiclmess of 
the soft tissues over the lungs vras found in in vivo measure
ments to be, when arms are raised and placed WeEJE^the is-ck. of 
the subject's head. It was shown experimentally that, for this 
posture,the absorber thickness decreases by 0.48 cm, as compared 
with a pose ?/ith arms at sides, which is consistent vjith the va
lue of 0.5 cm, given in fhis posture was accepted as standard 
in all subsequent measurements. 

The measurement data for soft tissue thicknesses in 26 sub
jects were related to different parameters of the body and ap
proximated by means of functions, such as d - f (1,1,0,C-|, C2) t 
wihere C,Ci,C2 - circomferences of the chest, waist and hips, res-
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peotively, cm; W -weight, kg, H - height^ cm. These parameters 
were measui?ed simultaneously with radiograms being taken- The 
dependence of d on the selected parameters is best approximated 
by the equations 

d = 118 W/H-k^ • kg - 39.2, where k-j = C/Cg, kg =0/03 

The graph shov/ing this relationship is given in Fig.1. 
0.^5 

^ ST" 

q40 

y^' 

/oV"° 

< = . / / 

yy 
i"'-^ D / 

/ 

/ 

r=Qa45 

'''•'̂^ 1.0 1.5 2,0 2.5 d,cm 3.0 

Pig»1. The correlation of soft tissue thickness d and para
meters \¥/H, ki and kg* 

Thus, simple measurements of the body parameters make it pos
sible both to assess the thickness of the soft tissue layer co
vering the thoracic cage and to choose suitable calibration coe
fficients. 

Calibration Procedure 

The lungs,liver and skeleton are the chief sites of 210pb, 
239pu and 241Am deposition in human body. Suitable sets of ca
libration coefficients are required for the assessment of bur
dens of these radionuclides in the said organs on the basis of 
in vivo measurements. 

100 point emitters of kno?m activity were placed unifoimly 
alternately throughout the models of the lungs and liver. The 
distribution of 2T0pb or '-'+1im emitters in skeletal bones is 
given in Table 3. Measurements in the four points, ise* the left 
lungs the right lung, the liver and the skull , were carried out 
for each insertion of the emitters into one of these models* 

ate was registered at 10-25 ke¥ for calibration 
39Pu, 10-25 ke¥ and 25-70 ke¥ (241Am) and 30-

The pulse count 
with respect to 
35 ke¥ (2l0pb). 

The data of the standard calibration of Hal scintillation 
counter (S=177 cm^and h=0.1 cm) for a 1#7 cm - thick soft tissue 
are given in Table 4. 
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Tqble 3-

Distribution of activity in the skeleton 

Bones of s k e l e t o n 

Sku l l 

Chest Cage i 
1.Sternum 
2.Ribs 
3- .Clavicles 
4 .Scapulae 

¥ e r t e b r a l Column 
1. C e r v i c a l 
2 . Thoracic 
3 . Lumbar 
4 . Sacrumu 

P e l v i s 

Ai-ms 
1. Rad i i 
2 . Ulnae 
3 . Hands 

Peet 
Femora 
T ib iae 
Peet 

T o t a l 

Weight 
%% 

14.1 

15*3 
1.2 
9.1 
1.2 
3»8 

9.0 

1,4 
4»2 
3 .4 
2 , 0 

7 .8 

16*2 
5»9 
4 .4 
5.9 

35»6 
15.7 
14.2 

5«7 
100 

Quant i ty of 
sources 

11 nCi 

50 

38 
5 

14 
12 

7 

27 

56 
20 
16 
20 

126 
56 
50 
20 

1 2 9 7 

2nCi 

210 
16 

126 
16 
52 

210 

A c t i v i t y 
nCi 

550 
588 

44*8 
352.8 

44.8 
145.6 

418 
55 

154 
132 

77 

297 

616 
220 
176 
220 

1385 
616 
550 
220 

3855 

The sets of calibration coefficients for soft tissue thick
nesses from 0.5 to 3»5 cm for scintillation and proportional coun
ters are given in our paper "Dosimetric Monitoring of Content ofthe 
Radionuclides with a Low Radiation Energy in the Human Organism" 
The total eri'or for calibration coefficieiits (Table 4) due to 

the variations in the organ shape, the different location of the 
organs in the phantom the detector displacement with respect to 
the phantom front wall^ the counting statistics and the precision 
of emitters' calibration is 16% for 239BUI 8% - for 210pb and 
6% - for 241 Am. 

The error due to the assumption of the uniform distribution 
of the assayed radionuclide throughout the organ vi/as determined 
separately. The values of calibration coefficients for different 
patterns of radionuclide distribution in the lung model are 
shown in Tables 5 and 6. 
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Table 4 

C a l i b r a t i o n F a c t o r s f o r Homogeneous D i s t r i b u t i o n cpm/nCa/d=1«7cm 

Source position 

Left lung 

Right lung 

Liver 

Skeleton 

Counter position 

left lung 
right lung 
liver 

left lung 
right lung 
liver 

left lung 
right lung 
liver 

left lung 
right lung 
liver 
skull 

Radionuclides and energy 
band 

239pa 
-TD=Z5~~ 

0.120 
0.004 
0.04 

0,004 
0.120 
0.006 

0.003 
0.016 
0.040 

210pb 

-3X7=55 

3.1 
0.7 
0.2 

0.7 
3.1 
0.4 

0.8 
1.4 
1«8 

0.22 
0.22 
0.15 
0.40 

24lAm 
^RJ=Z5^ 

8.5 
2*5 
0.7 

2.5 
8.5 
1»6 

2.1 
3*3 
5.9 

—J5^=T0r' 

40.0 
8.4 
2.0 

8.4 
40.0 
5.0 

10.0 
18.0 
22.6 

3*6 
3.6 
1.7 
7.5 

Table 5 

C a l i b r a t i o n F a c t o r s (cpnv^nCi, d=1^ cm) f o r 241 Am 35-70 ke¥ 

Position 

•Rmitters 

Left 
lung 

Detectors 

Left lung 
Right lung 
Liver 

Emitter distribution in the lung 

Uniform 

40.0 
5.4 
2.0 

Upper part 

35.0 
7.9 
1.2 

Lower part 

43.0 
8.7 
2.3 

60% in 
lympha
tic 
nodes i 
40%-uni 
form 

42.0 
8.3 
1.9 

Table 6 
C a l i b r a t i o n Fac to r s (cpm/nCi, d -1 .7 cm) f o r ^3%u/10-25 ke¥ 

Position 

anitters 

Left 
lung 

Detectors 

Left lung 
Right lung 
liver 

Jtoitter distribution in the lung 

Uniform 

0.120 
0.004 
0.004 

Upper part 

0.085 
0.003 
0.001 

Lower part 

0.130 
0.003 
0.005 

60% in 
lymphat ic 
nodeaHOfo 
-uniform 

0.105 
0.003 
0.003 
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ASSESSMEMT OF PLDTOMIM IN HIMiK LUNGS 
WITH THIN Nal(Tl) DETECTOR SYSTEMS 

E.G. Sharma, S. Somasundaram, (Mrs.) T. Surendran, 
D.K. Kapur and S.P. Garg 

Health Physics Division (BBMS) 
Bhabha Atomic Research Centre 

Bombay 400 001, India 

Abstract 

The development of detector systems for assessment of inhaled 
Plutonium-Americium dust deposited in human lungs by direct detection 
of ext'cfnally emitted low-energy photons, is a continuing programme at 
Trombay. This paper describes the work done with thin Nal(Tl) s c i n t i l l a 
tion detector systems. The background data inside Trombay s teel room in 
different low-energy bands for crystals of thicknesses 1, 2 and 5 mm are 
presented. To study the capabi l i t ies of three detector systems, each 
consisting of a set of crystals of the same thickness, a r e a l i s t i c chest 
phantom of an Indian adult was designed and employed. The chest phantom 
was constructed from a r i b cage of an Indian adult enclosed in a hard 
polythene cover provided to simulate the chest prof i le . Measurements on 
absorption and sca t te r ing of low-energy photon ^^l, 22 and 60 ke?) by 
four constructional materials were made to verify their degree of 
equivalence to human t issue and granular sugar was used as t issue 
equivalent nater ia l in phantom construction. The counting efficiencies 
and l imits of detection of three detection systems for point sources of 
Plutonium distr ibuted in the central plane of each simulated lung of the 
designed phantom are reported. 

A few normal subjects were counted with one detector system and the 
increase in background in low-energy region was investigated. The 
natural radioact ivi ty of the subjects was monitored with a (20.52 cm d ia . 
X 10.16 cm thick) Nal(Tl) crystal in a 50 cm Arc Chair. Finally, the 
effect of body build of a subject on the counting efficiency of plutonium 
i s commented and our future programne i s briefly indicated. 

Introduction 

At the Bhabha Atomic Research Centre, Trombay, we have an on-going 
programme of design and development of systems for in vivo assessment of 
plutonium and other transactinide elements deposited in the lungs. This 
paper (1) presents the resul ts of our studies on the su i t ab i l i ty of 
Trombay-produced thin Nal(Tl) crj^stala for t h i s application, (2) describes 
the design and construction of a chest phantom and i t s use for calibration 
of the Pu lung monitor, and (5) compares our resu l t s v/ith those of other 
laboratories using !Ial(Tl) detectors , as reported in the l i t e r a t u r e . 

Evaluation- of Trombay-Produced Nal(Tl) Crystals 

The Trombay-produced Nal(Tl) c rys ta l s , used in the present study, 
are of 7'6 cm diameter and 2 and 1 mm thick. They are canned in Al and 
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are provided wi th 1 mil t h i ck Al f o i l r a d i a t i o n entrance window and 5 ™i 
t h i c k g l a s s o p t i c a l window. They were coupled to se l ec t ed low-noise 
Dumont 6363 phototubes and t h e output from the phototube was fed through 
an PET p r e - a m p l i f i e r t o a 400-channel pulse he igh t analyser f ab r i ca t ed i n 
our l a b o r a t o r y . 

A t y p i c a l pulse he igh t spectrum of a Trombay-produced Pu source , 
obtained with these c r y s t a l s , showed tha t the L X-rays of U are not 
resolved and exhib i ted a peak a t an.average energy of 17 keV, A small 
peak a t 60 ke? pointed to the presence of 241 Am i n the source , the ^ 4 1 ^ 
concen t ra t ion being about 0.5?S of . the t o t a l Pu alpha a c t i v i t y . The 
energj ' r e s o l u t i o n a t 1? ke¥ was est imated to be about 50?^s compared to 46^ '̂ 
obtained wi th a Harshaw i n t e g r a l assembly Model No. 16 KBS 5M/5A Q X 
(10,16 cm d i a X 5 mm th ick Nal(Tl) c i y s t a l , having 1 mm Be r a d i a t i o n 
ent rance window and 2.54 cm th i ck quar tz o p t i c a l window) Fig.1 shows the 
background s p e c t r a of low-energy r a d i a t i o n s i n s ide the Trombay s t e e l 
room^, observed with the t h r ee d e t e c t o r s . The histogram depicted 
r e p r e s e n t s ten point ave rages . The Harshaw assembly showed the lowest 
background r a t e s i n the energy bands of i n t e r e s t . These s p e c t r a l measure
ments have ind ica ted the a spec t s in which Trombay-produced c r y s t a l s r equ i re 
improvement to be s u i t a b l e fo r Pu de tec t ion '^ . 

Construction of Chest Phantom 

Speight e t a l5 had suggested some t i s s u e - e q u i v a l e n t ma te r i a l s fo r 
c o n s t r u c t i o n of ches t phantoms. Due to n o n - a v a i l a b i l i t y of Lincolnshire 
bolus and Mix D and the handl ing problems of wa te r , i t was decided to t e s t 
t h r ee pz-obable c o n s t r u c t i o n a l m a t e r i a l s , v i z . masoni te , perspex and sugar , 
f o r t h e i r degree of t i s s u e - e q u i v a l e n c e . The e f f e c t i v e atomic number (z) 
and e l e c t r o n d e n s i t y (n) f o r t i s s u e are quoted as 7•35 and 3»32x1023 
r e s p e c t i v e l y and fo r water as 7»42 and 3^36x10 -̂  r e s p e c t i v e l y . Perspex 
and masonite have much h igher va lues of Z and n than t i s s u e or wa te r . The 
ha l f -va lue th icknesses for wa te r , sugar , perspex and masonite were found 
as 6 . 0 , 6 . 0 , 7.C and 5«25 mm r e s p e c t i v e l y a t I7 keV, and I 4 . 0 , I4 .O, 16.75 
and 12 mm respec t ive l j^ a t 22 ke?^ . The e f f e c t s of foi'ward s c a t t e r i n g by 
almost equal th icknesses of the four m a t e r i a l s as measured by energy s h i f t , 
degrada t ion of s p e c t r a l r e s o l u t i o n and v a r i a t i o n of the ra, t io of coun t - ra t e 
i n the 24-43 keV energy band to t h a t i n the 60 ke¥ peak (43-5 - 76 keV) 
were a l l found to i i d i c a t e a s i m i l a r i t y of behaviour between water and 
sugar"^. Sugar was, t h e r e f o r e , chosen i n the cons t ruc t i on of the phantom. 
lio at tempt was made to s imulate the presence of f a t i n the chest r e g i o n . 

The ches t phantom was const ructed from a tho rac i c cage with c a l a v i c l e s , 
scapulae and shoulder blades taken out of the cadaver of an Indian a d u l t . 
The whole r i b cage fixed a t the bottom to a perspex sheet was f i r s t enclosed 
i n a frame of t h i n perspex s t r i p s . A hard polyethylene sheet was used to 
cover the frame to get the chest p r o f i l e . All measurements wei"e matched 
to a s u b j e c t . The v e r t e b r a e contained a copper rod to keep them firmly 
a t t a c h e d . T h i s , however, would not a f f ec t the c a l i b r a t i o n fo r Pu, s ince 
the bone i s e s s e n t i a l l y a dark body for low-energy photons . Two symmeti^ic 
polyethylene bags v/ere f i l l e d with saw dust (dens i ty 0.5 g/cm^), each 
weighing about 450 g . These were shaped to a human lung and in se r t ed 
ins ide t h e r i b cag-e. P r io r to t h i s i n s e r t i o n , point sources of Pu deposited 
on perspex (1 mm th ick both s i d e s ) were stuck to a f i l t e r paper which was 
spread l o n g i t u d i n a l l y i n the c e n t r a l plane of each simulated lung . The 
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presence of other parts of the respiratory t r ac t and the heart were not 
simulated. Granular sugar was f i l l ed inside the polyethylene enclosure 
surrounding the r i b cage, to provide simulation of t i s sue . The chest 
phantom thus constructed had a circumference of 83 cm. The to t a l ac t iv i ty 
of Pu incorporated in the simulated lungs was 2,5 uCi. 

Multi-Crystal Arrays 

The phantom described above was employed to obtain the counting 
efficiencies and the minimum detectable a c t i v i t i e s for Pu in lungs for a 
multi-crystal array geonetry simulated with a single detector . The 
mul"!;i~C25^stal arra^y was selected with a view to achieve a large coverage 
of the frontal area of the chest phantom. The six crystal array chosen 
i s shown in Pig. 2 together ivith the phantom out l ine . Each crystal array 
consisted of detectors of the same thickness. Thus, three mult i-crystal 
arrays were studied to assess the capabi l i t ies of these systems and to 
evolve an array system of Trombay-produced crystals to count suspected 
cases of internal contamination by Pu and Am. 

Table 1 gives the resu l t s with our systems and compares them with 
data of various Pu-lung monitors employing th in Nal(Tl) s c in t i l l a t i on 
detectors as reported in the l i t e r a t u r e . The systems compared are those 
of Swinth & Griffins'*, Ishihara et a l ^ . The f i r s t column l i s t s the 
various monitor parameters. In the net-spectrum of radiat ion from point 
sources of plutonium distributed in the central plane of each lung 
longitudinally of the chest phantom we observed that attenuation of I3.6 
and 16,9 keY resu l t s in shif t ing of the 17 keV peak to about 20 keV, The 
presence of 241 Am was indicated by peaks at 29 keV (26 keV -f escape) and 
tken at about 57.5 ke?. A major conclusion drawn from Table 1 is that Pu 
lung monitors employing th in Nal(Tl) crystals in different configurations 
are not capable of achieving the MDA for plutonium desirable for routine 
monitoring. We achieved the best resul ts ?/hen 2 4 1 ^ ^g used as a t racer 
for Pu. The use of 241.^ IQ certainly not valid for soluble Pu. 
Nevertheless an immediate estimate of lung burden of Pu for a subject 
involved in an accident may be derived on this basis i f isotopic composi
t ion of the contaminant i s known. The MDA quoted for our systems are for 
very low 241 Am (0.5<;i; of to ta l alpha ac t iv i ty ) content in Pu. 

The MDA quoted for the multi-crystal arrays are a l l based on the 
s t a t i s t i c a l c r i t e r ion only, i . e . three t ines the standard deviation in 
background ra te for a given time of counting. Each subject would 
increase the background in the low energy region of the array, depending 
upon the level of internal contamination by other radionuclides and the 
thickness of the detectors employed. For the 5 nim crystal array, we 
observed liiat a subject with 125 gm K and 1 nCi '57cs increased the 
background by 20 cpm (12-25 ke?) region and by 120 cpm in (43'5 - 76 keV) 
band. '-^'Cs and K contents of the subjects are determined by whole body 
counting in 50 om arc chair using a 20.32 cm x 10.16 cm Nal(Tl) detector . 
Collection of these data i s continuing with a view to derive some useful 
corre la t ions . 

The counting efficiencies and Wk for Pu for the three six crystal 
arrays reported in Table 1 are thought to be valid for humans having body 
build and d is t r ibu t ion of Pu in lungs similar to that of phantom. Several 
methods to correct the cal ibrat ion factor for differing body builds have 
been proposed" ' ' . We have found i t advantageous to use the concept of 
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Taole 1 

COMPAflAJTlTE DATA OP VAfilOUS fu-LONG MONITORS EHPLOTIKG THIH !ifel(n) SCIHSIIXATIOH DEIECTOSS 

Monitor Parsjaeters ^ I n t h and Griffin Ishihara «t aX Our laati-CiyataX Array 

1 . Detector size employed and gBoiastiy 
used 

2, Phototubes coupled 

5, Riototube Noise predoainauMe 

4 . Total Sensitive Detector Area 

5 . Energy Bands used to cover 

(a) Pu- X-ray 1? KeV pfaotopeaJs: 
(b ) Aiii-241 gaffiffia 

6. Energy Resolution at 17 Ke? level 

7. Backgrouai counta per laio 

With d i s t i l l e d water phantom 

Calibration phantom arui source 
posi t ion 

Counticg eff ic ient^ for Pu-239 
in l u n ^ counts per sec/nCi 

10. Minimus Detectable afflount of Pu 

t 1 . Contribution from degraded 
Gs-157 and £-40 gamasas 

Array 3f -d 
four boxes < 
DOices p:;3itior.ed • 
reo l imng ajo '^ct 
b-'lo* tne ''oc of 
or*e on »•»>: sids 

-^aKTl) {2" di3 X 1 m each) Single (8" x 4 am) N a l ( n ) 
on the centre a r i a of the 
phantom and a t a distance 
of 1.4 cm from the top 
pla te to the c rys ta l face 

tectors eacn. Two 
Kne chest of the 
•3r boK edge 2" 
s.. The othfr 
'*ie arapi ta 

Lew noise 2" 
separaseiy 

Below 10 KeV 

157nca^ 

crysta l 

(a) (13*6 to 25*6 KeV) 
(b) (13.6 to 66.5 KeV) 
both X-ray and gaiaaa covered. 

(a) Pu Ch.- 56.2^2.9 
(b) Pu-i-Am Ch.- 204.6+2.8 

(In 4" thick Pb shield lined with 
Cd amS Ca) 

fa) 74*5 cpia 
(b) 588.0 cpa 

Alderson Eemab phantom f i l l ed with 
water* Plutonium (720 ppra Am) mixed 
with luag equivalent aiaterisl kept 
m lung cav i t i e s 

(aj 0.641 r10"5(Pu ch) 
(b) 4.58x10" (X-ray mid Aa gaimas) 

(a) A9 nCi 
(b) 67 aCi 

j 20 tain counting tiree 

Human aubjecta add in 
(a) PU Ch.- 65.2 to 130.2 opffi 
(b) Am Ch.- 458 to 798 cpm 

(10.16 ca 2 5 aa) i (7.6 ca s 2 «a»)j (7.6 ca z 1 as) 
Three s ia l t l -orys ta l arrays stadied each eonsiasin^ 
of a set of s i r c rys ta l s of the SBsam thicioaeep, 
simulated with a s ingle detector* Detector 
arrangement r e l a t i v e to phantoa i s shown i n Fig42» 
Crystal face in every pos i t ion re^ i ins horizontal 
with the silniBiua distance fxOB phantoa sorfaoa 
being 1 c a . 

Single 1" d i a VMP/ll/170 
20th Century Electronics 
without l i g h t guide 

Below 15 ICeV with no l i gh t 
guide 

(10.16 ea X 5 B») Hal(Tl) 

(7.6 CM X 2 Bsa) Sal(Tl) 

(7.6 ca X 1 Bffi) NalCTl) 

Below 12 Ke? for a l l 

; BCA-8O55 through 
2.54 cia of quartz pipe 
Duaont~6565 tfarougii 
0.30 ca of g lass 

: Duffiont-6563 t h c o u ^ 
0.30 ca of g lass 

(a) (16 to 31 KeV) 
(b) (35 to 75 KfiV) 

154,8A ca_ for 5 »» o iys t a l 
57-1 ca for the other two. 

(a) (12 to 25 KeV) 
(b) (43.5 to 76 Ee?) 

67.556 with no l i gh t guide *465^, 5C^, 48^ 

(a) Pu Ch-- 51.2 
(b) Am " - 135.0 
(With no l i g h t guide) 
(in shielded chaaber 20 
Iron + 5 aa of Pb) 

*(a) PU Ch.- 84.0 , 204.0, 132.0 (For s ix c iyatsa 
,b) Am Ch.- 105.0, 246.0, 234.0 1 array 

In shielded 
ohaabfir 20 ea Iron -t- 3 ^ of Ph. 

Phantoa of Lucite sheets Chest phantoa fron haoSLn r i b cage. Tissue 
c lus te r of p t . aouxces placed equivalent material used i s granular sugar, 
in the atcdel of human lungs Point -eouzrees d i s t r ibu ted longi tudinal ly ixi 

the cent ra l plane of eaoh aloolated lung. 

(a) 1.34110"^ 
(b) -

(a) 6.2 nCi of Pu-259 
(b) 

»(a) Pu ch. 3.85x10"^» 3,46x10"'j 1-65x10' 
For s ix c rys ta l array each. 

100 

A subject with I50 gK and 
4 nCi of Cs-137 adds in 
(a) Pu Ql . - 12.6 cpm 
(b) l a Ch.- 75*6 cjaa 

»(a)Pu Ch. 12 nCii 28 nCi; 54 nGi and 2.44, 
\ a in 10, 8 nCi i f Am i s used as a t r a c e r . (For 

count- Trombay Pu) 
ing time. Por s ix c rys t a l axTsjf each aM counting t ia» 

of 100 Bin. 

For 5 =0 detec tor array only} a. subject with 
125 gK and 1 »Ci of Cs-137 contr ibutesi 
(a) Pu Ch.- 20.0 cpm 
(b) Am Ch,- 120.0 cpa. 

*Th8 three successive values are for 5 sos, 2 Tsm and 1 DHQ thick detectors 
respect ive ly . 
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OUTLINE 

effective tissue thickness (ETT) which is defined as the thickness of a 
tissue equivalent material that produces for a point source of Pu, the same 
overall attenuation of X-rays as would occur in a subject having Pu deposited 
in lungs. ETT takes account of self-absorption of Pu X-rays in the lungs 
and the attenuation in tissue overlying the ribs. Since our Pu contains 
traces of 24"!Am, we determined the variations in the ratio of count-rates in 
Am and Pu peaks with different thicknesses of overlying water for a point 
source on the axis of a thin Nal(Tl) crystal at a fixed distance of 10 cm. 
Calculating the same ratio for the phantom, we found ETT for the phantom as 
6.5 cm. This value was also confirmed by the observed shift of the 60 KeV 
peak of 24lAm. 

Our future programme of work in this field will Include development of 
phoswich detectors and improvements in the methods of calibration. 
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IN VIVO MEASUREMENTS FOLLOWING EXPOSURE TO ''̂ X̂E 

AND ASSOCIATED DOSE ASSESSMENT PROCEDURES 

Frances Fry 
Atomic Energy Research Establishment Harwell 

Graham Tyler 
Experimental Reactor Establishment, Dounreay 

ABSTRACT 

133 
Information is presented on the retention and distribution of Xe m 

the human body as determined by in-vivo counting. Calculations by other 
workers have shown that for exposure to 133Xe gas the critical dose is that 
to the skin. It is shown here, with reference to three ca,3es, how measure
ments of the body content of ''33xe made by in-vivo counting can be used to 
estimate skin doses* 

By reference to actual recent cases attention is drawn to problems 
caused by ''53xe intakes in the interpretation of external contamination 
and plutonium-in-lung measurements. 

INTRODUCTION 

133 235 
Xe is produced in the fission of U with a total yield (direct and 

by chain) of about 1%, It decays with a half life of 5*27 days to stable 
'''3Cs by the emission of beta particles of maximum energy 0,'^h MeV, gamma 
rays of energy 8I KeV are emitted in 35«5/̂  of the disintegrations and caesium 
K X-rays of 30 KeV energy are emitted following 56?o of disintegrations. 
Xenon, a noble gas, which is present in the atmosphere with a partial pressure 
of about -8 mN/m2, is in general chemically inert but appears to combine 
specifically with haemoglobin (1)« 

133 
Xe has been used extensively m medical science for the investigation 

of lung function; information on the procedures and computations of the 
retention of 133Xe when used for this purpose have been presented by Matthews 
et al (2)» Measurements of the distribution and retention of "̂ 33x6 in the 
body following both experimental and accidental inhalation in a laboratory 
manufacturing '33xe for medical application have been reported by Venner and 
Devell (3)» Guillot iS) has reported on retention experiments with ''33xe, 
131mXe, 125Xe and also stable xenon isotopes. The International Commission 
on Radiological Protection (5) state that the primary hazard from 133xe is 
from external radiation from submersion in a cloud and calculations of internal 
doses arising from inhalation of radioactive noble gases presented by Whitton 
(6) confirm this. 

133 Because it is a gas it is possible for Xe to leak from nuclear reactor 
fuel elements into operating areas» Whilst the reactor is operating any 
^33X6 will usually be accompanied by other fission product noble gases notably 
°°Kr (tl 2»8h) whose daughter product °°Rb is a solid emitting energetic beta 
particles; the leak will therefore usually be rapidly detected by conventional 
filter paper air samplers. Because of its longer half life however '35xe may 
be released a day or so following reactor shut down virtually without the ooRr. 
If the release is a slow one which leads*to more or less uniform contamination 
of the air in the reactor containment conventional external radiation monitor-
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ing will adequately detect and assess the hazard. Sometimes however the 
release may be very localised and although when the activity is dispersed 
throughout the operating area the resultant radiation level is very low, 
significant doses may be received by individuals in the immediate vicinity 
of the release as vre will show later. 

THE UPTAKE AND RETENTION OF ''̂ X̂E IN THE HUMAN BODY FOLLOWING 
INHALATION 

133 As stated by Matthews et al (2) the uptake of Xe into the body 
is a function of its solubility in blood. However this apparently straight
forward situation is complicated by the presence in the atmosphere of 
naturally occurring stable xenon. The solubility of a gas in a liquid is 
a function of the partial pressure of the gas and since the normal atmosphere 
contains xenon at a partial pressure of about 8 mN/m^ the body will be 
saturated with xenon at this partial pressure. 

Vfe have made measurements of the retention of 33xe in persons who have 
been exposed to 133xe in a reactor environment* Some had been exposed to 
low level uniform concentrations during reactor operating periods and some 
to small localised clouds of high concentration following reactor shut down. 
Measurements made from 1 to a few hours following cessation of exposure to 
low level uniform concentrations showed the half life of 133xe excretion to 
be about 2 hours* Measurements on persons exposed to small high concentration 
clouds were made over a longer period up to about 80 hours after exposure and 
showed retention curves very similar to those reported by Venner and Devell (3), 
viz an initial rapid excretion phase lasting about k hours during which the 
half life is less than 1 hour followed by a slower elimination rate with half 
life of about 6 hours for the remainder of the period. 

DISTRIBUTION OF ''̂ X̂E IN THE BODY FOLLOWING INHALATION 

We have made measurements of the distribution of xenon-133 in the body (l) 
after exposure for several hours to low-level contamination and (2) after 
exposure to a small cloud of high concentration. Profile curves, obtained 
one day after exposure, are shown in figure 1» Some differences between the 
curves may be attributed to differences in the scanning techniques. Curve (1) 
was obtained by scanning with a collimated detector above the supine subject 
whereas a more finely collimated detector, located under the body, was used for 
scan (2). The 'depressions' in counting-rate in scan (2) could be due to 
absorption of the 80 KeV gamma-rays in bone. The 'depressions' in the counting-
rate from the chest could be due to attenuation in the ribs and the decrease in 
counting rate at about 110 cm could be attributed to absorption in the pelvis. 
These effects would not be so marked with the wider-angle collimator particularly 
as it was used above the subject. The maxima of the distributions occur at 
60-80 cm from the top of the head and could indicate accumulation of xenon-133 
in liver. Neither plot shows the large as.prec.zion. in the chest region noted 
by Venner and Devell (5) in a scan made some hours after an accident inhalation. 

CALCULATION OF SKIN DOSE FROM IN-VIVO MEASURS!4ENTS 

133 The critical tissue dose from exposure to Xe is that to the skin. If 
however the '-̂-̂Xe is released in the form of a small cloud normal external 
radiation monitoring devices will often not give a correct indication. Under 
those circumstances however it is possible to calculate a skin dose from 
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(I J 1 day aftsr exposure 
for ««veral hours to 
air contaminated at 
low ievei—reactor 
operatins 

(2} 1 day after exposure 
to o small cloud of 
high concentration — 
reactor shut down 

60 SO too I20 I40 
Distance from top of head (cm) 

FIG1 DISTRIBUTION OF Xc IN TWO SUBJECTS 

in-vivo measurements. Although the calculation will be subject to considerable 
error it should be sufficiently accurate to decide whether or not an over 
exposure had occurred. This is illustrated by the f6l'*»owing cases. 

Case 1 

A technician L, removing a thermocouple from a shut down reactor, was 
working at a glove box containing a mixture of reactor blanket gas and purging 
argon at a pressure just above atmospheric when a glove was snagged and torn 
releasing some of the gas mixture. In vivo measurements were carried out 
on the technician and his assistant who was standing about 2m away at the time 
of the incident. These both showed ^^^Xe but the intake by the assistant 
was only V/o of that of the technician^ confirming that only a small cloud of 
gas had been involved. In vivo measurements were made on the technician over 
the period k-73 hrs after the exposure sho'./ed a retention pattern similar to 
that obtained by Venner and Devell (3) after controlled inhalations; for the 
period ^10 hrs the fall was more rapid by about a factor of 2. By extra
polation and interpolation of the retention curve we estimated a body content 
of about 9 mCi of ̂ 33xe at 1 hr and 300 liCi at 10 hours after exposure. The 
Venner and Devell plot (3) shows th-it for controlled inhalations the retained 
amounts of the inhaled activity at those times are h% and 0.5?̂  respectively. 
Applying these factors to our estimated body content we obtained estimates 
of 200 mCi and 60 mCi respectively for the initial inhaled amount. In view 
of the more rapid fall from k hours to 10 hours in our case we chose the higher 
figure as being a more correct estimate (perhaps even a little on the low side)^ 
If the activity was breathed in during some unknown but short period of time, 
t hours (it is not necessary to know this time), whilst the subject was 
breathing at the standard man rate of 1 m3 per hour, the activity concentration 
in the cloud would have been 200/t mCi/m5, On the assumption that the radius 
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of the small cloud of gas was about equal to the range of the beta particles 
(80 cm) conventional calculation showed the beta dose rate to a plane in the 
centre of the cloud to be 20/t ren/hr. 

The gamma dose rate from a cloud of this size would be several orders of 
magnitude lower and was ignored. When we eliminate our unknown exposure time 
(t) we obtain a skin dose of 20 rems, V/e were therefore able to say that, 
despite a film badge recorded dose of only 0.5 rem gamma and O.̂ f rem beta, the 
tecJinician probably received a dose to the skin of his face of more than the 
13 week permitted dose (15 rem) but less than 1 year's permitted dose (30 rem) 
and appropriate administrative action was taken. The most significant internal 
organ dose from this inhaled quantity was calculated from the information given 

by Vlhitton (6) as I.3 rem to the tracheal mucosa-which is much less significant 
than the skin dose. 

Case 2_ 

Several men became internally contaminated with mixed fission products 
during removal of a fuel element two days after reactor shut-down. 

The most highly contaminated man, subject G, had a body content of 
12»8 p.Ci of 33xe 21-J hours after the release. Measurements made during 
the following three days indicated that ''33xe was being removed from the body 
with an effective half-life of 8,7 hours (biological half-life 9»3 hours): 
this is in agreement with Venner and Devell's retention curve at this time after 
inhalation (3)« 

By extrapolation of the retention curve we estimated a body content at 
10 hours of 32 p.Ci '-^^Xe^ According to Venner and Devell's data (3)t 
retention of '33xe -at 10 hours is 0,5^ and we therefore estimated the initial 
body burden as 6,4 mCi, It is probable that most of the intake occurred in 
a short period of time since the mê 'sured general air levels were high 
(>3 nCi/ml) for about an hour and then dropped to 0,6 nCi/ml and it is also 
probable that a cloud of much higher concentration existed close to the source 
for a shorter time» As before we assumed that subject G's initial body 
burden was acquired in a short period while breathing at 1 m3/hr, then cal
culation of the P-dose rate at the centre of a cloud of gas, as above, showed 
that subject G may have received a skin dose of 0,6 rem. This is less than 
the 13~week permitted dose, but greater than the dose to any internal organ. 
The most significant internal dose was kO mrem to the tracheal mucosa and the 
corresponding lung dose was 8 mrem (6), 

Case 3 

Xe vras also identified in subject M» 2^ hours after a release of mixed 
fission products which occurred during removal of a rig from an operating 
reactor* The total body content of 133xe at this time was 0.5 V-Ci, Several 
measurements made during the next few hours indicated that xenon was being 
removed from the body with a biological half-life of 2 hours. However, a 
further measurement made three days later suggested that there was some long-
term retention greater than that predicted by the Venner and Devell retention 
curve. The faster clearance may correspond to removal of xenon from the 
water-containing tissues and the longer-term clearance may represent elimination 
from the less well-perfused fatty regions of the body. 

The initial intake was estimated by extrapolating the measured value at 
2^ hours to 1 hour after intake, with the observed half-life of 2 hours, and 
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then applying Venner and Devell's figure of k% retnetion at one hour. This 
suggests that subject M's initial intake was 20 ]iCi, The P-dose to the 
skin of the face was estimated to be 2 mrem and internal doses to body organs 
were negligible. 

INTERFERENCE FROM INTERNALLY INCORPORATED 133 XE WITH HEALTH PHYSICS 
MEASUREMENTS 

133 Internally incorporated Xe gives rise to relatively small internal 
dose commitments as indicated in Caoe 1 above where the highest internal organ 
dose from an initial intake of 200 mCi was calculated as 1,3 rem. However 
incorporated •̂''Xe in much smaller amounts can lend to misleading results being 
obtained from health physics measurements as is illustrated by the following 

two occurrences. 

i. The technician referred to in Case 1 above monitored his body immedia
tely after the incident and believed him^elf to be highly contaminated 
(about 200 X dwl). Several unsuccessful attempts at decontamination by 
showering v;ere made before a health physicist was consulted who suggested 
that internally incorporated '33X6 was the most likely cause; gamma 
spectrometry of a blood sample confirmed this. Later concurrent in-vivo 
counting and monitoring with a cont mination probe showed that an internal 
content of 300 p.Gi gave rise to a counting rate at the surface of the bo€-
(using a thin walled, 30 mg/cm'̂ , Geiger Muller tube of dimensions 14 cm long 
and 1,5 cm diameter) of 10 cps equivalent to approximately 2 dwl of skin 
contamination, 

239 
11, A laboratory worker who normally worked in a laboratory handling Pu 
went into a reactor operating area to view an experiment on .his way to keep 
an appointment for a 239pu-in-lung measurement. This raensurement was made 

10 2 0 30 4 0 SO 6 0 7 0 
Pu l se height ana lyser—'Channel No 

F |C.a . PROPORTIONAL COUNTER X-RAY SPECTRA 
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using a gas filled proportional counter of the type described by Taylor (7), 
The initial result, which was assessed by the total counting rate in the 
17 KeV '̂ ŷpu channel, caused some concern as it was equivalent to more than 
100 times the maximum permissible lung burden. Examination of the spectrum 
from the counter however showed peaks at about 30 KeV and 5 KeV and ''53xe 
was suspected, 

A further count using a scintillation detector indicated a body content 
of about 0.6 TxCi of '33x6 and a repeat measurement with the proportional 
counter a few days later showed no activity in the plutonium channel. A 
plot of the spectrum from ''33xe in the body as given by the proportional 
counter together with a spectrum of 239pu for comparison is shown in FigureZ 

CONCLUSIONS 

In-vivo measurements made on men exposed to air contaminated with 
xenon-133 in nuclear reactor environments show retention patterns similar 
to those reported (2), Elimination of xenon-133 is a complicated function 
of time, indicating that many body compartments are involved in the uptake 
and retention. Uptake, retention and also distribution within the body 
may vary depending upon the partial pressure of the inhaled xenon. Profile 
scanning measurements suggest that the distribution within the body is 
different for the two modes of uptake discussed. The reasons for this are 
not readily apparent, but some of the differences bet-.'een the two profile 
curves may be due to different scanning techniques. 

133 The critical dose from exposure to Xe is that to the skin but, as we 
have shown, the results of in vivo measurements of the body content and 
elimination rates may be used to calculate this dose, 

133 
Xe incorporated in the body in amounts which give rise to trivial 

doses of radiation can interfere with health physics me.TSurements and 
health physicists for reactor areas should be aware of the possibilities, 
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In-vivo monitoring of nuclear fuel workers 

C. POMROY, J. GORDON and E.G. LETOURNEAU 
Radiation Protection Bureau, 
Department of National Health and Welfare, 
Ottawa, Ontario, Canada KlA.lCl 

Introduction 

As well as being a major source of uranium, Canada possesses a sizable 
uranium processing industry. Several plants located in Southern Ontario 
fabricate fuel rods for use in the Canadian nuclear power industry and also 
for export. 

Working conditions in these plants are specified by the Atomic Energy 
Control Board, and monitoring of workers by means of criticallty badges and 
urinalysis is performed by the Radiation Protection Bureau and the Ontario 
Department of Health. 

Urinalysis results frequently show evidence of uranium ingestion, but 
the relation of this to total body burden is uncertain and a direct, in-vivo 
method of body burden measurement is required. 

Cofleld (1) made such measurements using a standard whole body counter 
in a steel room, and Quastel et al (2) of this Bureau made similar measure
ments, together with extensive urinalysis and other biological measurements, 
on 15 uranium workers. This study confirmed that body burden could not be 
accurately estimated from daily urinary excretion. 

Unfortunately, the use of a conventional whole body counter means that 
the subjects have to travel to Ottawa, a distance of 250 miles from the major 
uranium processing plants, and while this can be arranged for small sample 
populations it is obviously impractical for the plants' total exposed work 
force. It was therefore necessary to move the equipment to the plants, and 
the present study was undertaken to see whether a portable system would have 
sufficient sensitivity to be useful. 

Theory 

The usable radiations from U-Nat. are as follows: 

U-238 - none U-235 - 185 keV (54%) 

Th-234 - 63 keV (3.5%) Th-231 - 84 keV (10%) 
93 keV (4%) 

Since the subjects to be monitored had long exposures to uranium it was con
sidered reasonable to assume secular equilibrium of the ingested material, 
which being of refined reactor grade had a very low content of radium or 
radium daughters. It was therefore decided to use the low energy radiations 
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from the thorium daughter, for which a 20 cm diameter x 3 mm thick NaT cry
stal, already available, would have a high efficiency. The response of this 
detector to a U-Nat. phantom is shown in fig, 1 as a broad peak extending 
from around 50 to 90 keV. The detector has negligible sensitivity to the 
185 keV gammas from U-235. 

SCO-

MT IRAL URAMUta SPECTRUK) 

"**V 

. . " " • 

90 

Fig, 1 Response of 20 cm x 3 mm Nal crystal to U-Nat. phantom 

The phantom used for calibration purposes was a Remcal (Alderson 
Research Laboratories Inc.) phantom, with 9.2 g of uranium oxide dust in 
the lung cavities. The dust was sprayed onto adhesive coated paper tissues 
which were then made to adhere to the inside of four polythene bags. One 
bag was introduced Into each of the four lung cavities and inflated with 
air. The basal lobes contained about four times as much uranium as the 
apical lobes. 

The remainder of the phantom was filled with water and the net count 
rated observed was 3.86 cpm/mg U-Nat., which with a background of 3000 cpm 
gives an Ŝ /B ratio of 0.0049. 

Using the formula of Altshuler and Pasternak (3), the minimum signifi
cant measured activity is 12.4 mg and the minimum detectable true activity 
is 24.8 mg, these figures being for a single 10 min. count. The crystal 
is also sensitive to scattered radiation from Cs-137 and K-40 to the extent 
of 8 cpm/nCi Cs-137 and 0.5 cpm/g K. For a normal 70 kg adult with a body 
burden of 5 nCi Cs-137 and containing 180 g K this would amount to a count 
rate of 130 cpm. Since the thin crystal is not sensitive to the primary 
radiation from either Cs-137 or K-40 it is not possible to measure each 
subject's content of these isotopes directly. The count rate from them has 
instead been considered part of the subject background, which is discussed 
further below. 

Description of apparatus 

The detector is a 3 mm thick by 20 cm diameter Nal (Tl activated) 
crystal coupled to 3 low-noise PM tubes. Each PM tube has its own H.V. 
supply, but the signals are collected by a common cable and fed into a singl 
preamplifier and thence to the amplifier which is an integral part of the 
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Technical Measurement Corporation pulse height analyser. The date is recorded 
by either a TMC parallel printer or a Tally paper tape punch. 

The settings of the H.V. Supplies are adjusted by placing a small uranium 
source on the crystal axis at a distance of about 40 cms. and switching on one 
H.V. supply at a time, and adjusting them so that the three spectra overlap 
as precisely as possible. 

The detector is housed in a stainless steel cylinder which is lined with 
1/8" lead and supported on a counterbalanced stand. See fig. 2. 

Fig. 2 Detector, counterbalanced stand and lead tent 
with near-side panels removed. 

The shielding is based on a design by Eisenbud et al (4) and consists 
of 1/8" lead sheet fastened to pljrwood and placed over a tent shaped frame
work. A sheet of 1/8" lead is placed under the mattress on which the subject 
lies. 

The effect of this shielding is to reduce the subject backgroimd in the 
30-100 keV region from 9,500 cpm to 3,000 cpm. 

This equipment is portable, the total weight being about 600 lbs. Two men 
can load it into a station wagon in about 30 mins. and on arrival at the count
ing location, the system can be unloaded and assembled in about an hour. A 
room about 10 ft square is sufficient to house the equipment and the counting 
bed, located away from any active area. So far no imduly high background rates 
have been encountered, despite the fact that the plants visited process large 
quantities of radioactive material. 

Subject Background 

Preliminary work in the laboratory indicated that the background count 
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on a subject inside the tent varied considerably, depending on his size and 
shape. This variation was much more than would be expected just from differ
ences in Cs-137 and K-40 content. Therefore forty Radiation Protection Bureau 
staff members were studied and their backgrounds were measured together with 
their height, weight and "chest thickness", i.e. the front to back measurement 
of chest thickness made at inspiration. The latter measurement was chosen as 
the simplest one to give some index of the bulk of tissue under the detector. 

A series of empirically chosen expressions combining the three anthropo
morphic parameters were analysed using a least squares method, for their corre
lation with the observed count rate. The expressions were of the type X = 
(W/H) log C or X = exp (W/H) etc. and the correlation coefficients were all 
quite similar at arotmd 0.84. The highest coefficient, 0.851, was obtained 
with the expression X = (VlMyfC which yielded an equation for Y, the subject 
background; Y = K (3517.4 + 259.46X) where K = correction factor to allow 
for differences in ambient background between our laboratory and other counting 
locations. A plot of Y vs X is shown in fig. 3, which includes the 95% confi
dence limits for a single estimate of Y given a value of X. 

4500| 

Fig. 3 Plot of observed subject backgroxmd count-rate 
vs X where X = weight/height x̂ /chest thickness. 
(The 95% confidence limits are shown) 

In terms of cpm these confidence limits represent ± 120 cpm on a typical 
subject background of 3000 cpm (K being significantly less than one at the 
plant where the bulk of the subjects were counted), whereas counting error 
for 10 min. count = 17.3 cpm. This error is more or less equal to the cotmt 
rate expected from 30 mg U-Nat., the maximum permissible body burden. This 
means that only burdens in excess of the maximum permissible can be confi
dently detected. In an attempt to improve this situation, a more detailed 
multiple regression test was run on the data. This analysis was carried to 
the point where an equation containing six terms was derived, but the corre
lation coefficient associated with this equation was 0.8631, which was not 
significantly greater than with the much simpler equation originally chosen. 
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Other corrections 

In dealing with radiations at 100 keV or below, tissue absorption must 
be taken into account. On the assumption that the uranium is located in the 
lungs or pulmonary lymph nodes, it is necessary to make some estimate of the 
thickness of tissue overlying these organs. Deane (5) has measured this thick
ness ultrasonlcally and correlated it with the weight/height ratio of each 
subject. His formula is as follows: 

T (thickness (mm)) = 0.071 + 0.512 W (weight (kg)) 
H (height (m)) 

Ramsden et al (6) did a similar study, and obtained a different formula, which 
Included a smeasurement of the chest circumference (C) 

T (cm) = 15.3 W (kg) - 0.01 C (cm) - 3.55 
H (cm) 

We were not able to obtain an ultrasonic device and make actual measurements, 
and so T was calculated both ways and the mean taken, for each subject. As 
there were differences between the thicknesses obtained with the two formulae, 
In some cases as much as 25%, a mean value was taken. This was used to read 
off the appropriate absorption correction from fig. 4, the error associated 
with this procedure being estimated as ± 4%, due to the relatively small slope 
of fig. 4. 

Newton et al (7) in their work 
on the measurement of plutonium in 
the Ixmgs, took into consideration 
the self-absorption of the lung 
tissue itself, but for the present 
work, in view of the absorption 
curve in fig. 4 this has been ignorei 

Collection of data 

In the fall of 1971 a brief 
visit was made to .a uranium pro
cessing plant in Southern Ontario. 
This was the first trip with the 
portable equipment and the main 
object was to see whether it could 
be transported and set up easily, 
and would be stable In operation. 
The time from arrival at the plant 
to counting the calibration stand
ard was about li hours, and frequent 
counting of the calibration standard 
indicated that the response of the 
system was very stable. 

The plant management in8,de a small room 10' x 10' available to us in the 
administration area of the building and the subjects arrived after a shower 
and change of clothing. The subjects were 3 workers who had been studied 
five years earlier by this laboratory (2). 

The subjects were counted supine with the 8" detector in contact with 
the chest surface. The counting time was 10 min. 

The results from this preliminary study, while showing some counts above 
the background of a normal subject, were calculated without the benefit of 
the subject backgrotmd equation subsequently developed, and were therefore 
considered merely an indication that the system could work and that a further 
field trip to study a larger sample of workers would be justified. 

u « 

Fig. 4 Relative transmission of 
U-Nat. radiations in 60-
90 keV region in water. 
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Such a trip was undertaken some time later, and involved a larger nuclear 
fuel processing plant. This plant contained a large stock-pile of uranium and 
there were some misgivings as to what the backgroimd count would be. It turned 
out however to be not significantly different from that at the other plant. 

A total of twenty-four subjects were counted, with results as shown in 
table 1, calculated on the assumption that only D-Nat., in equilibrium, was 
present. 

Table 1 
Results of Measurements .in Nuclear Fuel Workers 

Subject # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

^ Errors ( 

2 
Countin 

^ Correct: 
using t: 
describe 

x ^ 

H ^ 

2.47 
1.79 
2.15 
1.93 
1.87 
2,36 
2.42 
2.09 
1.76 
1.71 
2.17 
1.7'̂  
1.57 
2.20 
1.74 
1.87 
2.68 
2.36 
2.97 
1.89 
2.36 
2.07 
1.90 
2.07 

estimate 

z, error 

Lon fact 
Lssue th 
=d in te 

Estimated 
background 
c.p.m.-'-

3056 ± 125 
2927 ± 121 
2995 + 122 
2953 ± 121 
2941 ± 120 
3035 ± 120 
3046 ±123 
2985 ± 123 
2920 ± 120 
2912 ± 122 
2999 ± 123 
2919 ± 122 
3075 ± 121 
3005 ± 123 
2917 ± 120 
294] + 120 
3097 ± 123 
3035 ± 120 
3151 ± 128 
2945 + 120 
3035 ± 120" 
2980 ± 122 
2948 ± 120 
2983 ± 123 

d from fig. 

only 

or read from 
ickness calci 
xt. 

Observed 
count rate 
c.p.m.2 

3298 ± 18 
3401 ± 18 
3005 ± 17 
2975 ± 17 
2981 ± 17 
3047 ± 17 
3011 ± 17 
3244 ± 18 
3090 ± 17 
3018 ± 17 
3217 ± 18 
3204 ± 18 
3041 ± 17 
3291 ± 18 
2984 ± 17 
2968 ± 17 
3326 ± 18 
3349 ± 18 
3282 ± 18 
3211 ± 18 
3374 ± 18 
3047 ± 17 
4908 ± 22 
2947 ± 17 

3 

fig. 4 
jlated as 

Net 
count 
c.p.n 

242 
474 
11 
22 
40 
12 
-35 
259 
170 
106 
218 
285 
-34 
286 
67 
29 
229 
314 
131 
266 
239 
67 

1960 
-36 

rate 

± 126 
± 122 
± 123 
± 122 
± 121 
± 121 
± 124 
± 124 
+ 121 
± 123 
± 124 
± 123 
+ 122 
± 124 
± 121 
± 121 
± 124 
± 121 
± 129 
± 121 
± 121 
± 123 
± 121 
± 124 

Absorption 
correction ̂  

0.78 
0.87 
0.82 
0.85 
0.87 
0.81 
0.80 
0.83 
0.88 
0.87 
0.82 
0.88 
0.77 
0.86 
0.89 
0.87 
0.77 

' 0.80 
0.75 
0.86 
0.80 
0.83 
0.85 
0.83 

mg 

62 
109 
3 
5 
9 
3 
~ 
62 
38 
24 
53 
64 
-
66 
15 
6 
59 
78 
35 
62 
84 
16 
459 
-

U-Nat. 

± 25 
± 24 
± 24 
± 24 
± 24 
± 24 

± 25 
± 24 
± 24 
± 25 
± 24 

± 25 
± 24 
± 24 
± 25 
+ 24 
± 26 
± 24 
± 24 
± 24 
± 24 

As will be noted some had very high values, but subsequent discussion 
with the plant health physicist revealed that these had worked in the UFg 
plant, and during the processing of this material, the thorium does not 
enter the gaseous phase and is left behind in the "ash". It was therefore 
assumed that the high readings were due, at least in part, to the inhalation 
of thorium 234, during the handling of this "ash", and measurements taken 
on some of the UF6 workers six months later were down to much lower levels, 
which tended to confirm this assumption. 
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Discussion 

The results from these field trips indicate that a significant pro
portion of the workers examined were contaminated with uranium or its 
daughters. The errors, mainly due to uncertainities in the background 
count estimate for each subject, were such that only lung burdens greater 
than 30 mg could be detected with any confidence, and in some cases the 
material detected could have been mainly 24 day Th-234 rather than U-Nat. 

The problem of identification is in fact two-fold, first to identify 
the degree of enrichment of the uranium, and second, to differentiate thorium 
from uranium. A recently acquired dual crystal (Phoswich*) detector has been 
put to use in some preliminary experiments to look into these problems, 

The-idetector is a 12.5 cm diameter, 1 mm thick Nal (Tl activated) cry
stal backed by a 12.5 cm diameter, 5 cm thick Csl (Tl activated) crystal, 
and a pulse shape_ discrimination circuit (Harshaw NC-25) is used to allow 
only those photons that are completely absorbed in the thin crystal to be 
recorded. The sensitivity of this detector is 1.25 cpm/mg U-Nat. (50 keV -
110 keV) for an average subject backgroimd of 600 cpm. If these figures 
are corrected to compensate for the smaller area of the 12.5 cm detector 
compared to the 20 cm detector, an s2/B ratio of .0067 is obtained. This 
is better than the figure of .0049 ior the 20 cm detector, but could probably 
be improved further by the use of a thicker front (Nal) crystal, of say, 3 mm. 

The natural uranium source gives a spectrum with well-defined peaks at 
about 60 keV and 90 keV, and the change in relative heights of the peaks 
with changing enrichment was investigated, on the grounds that the Th-231 
from U-235, with its gammas at aroimd 84 keV would affect the 90 keV peak 
more than that at 60 keV, The peak ratio being defined as ch. 103-162 at 
a gain of 0.48 keV/ch. ch. 163-216 

The plot of peak ratio vs enrichment is shown in fig, 5, and there is 
a marked drop in thev.60 keV/90 keV ratio with increasing enrichment up to 
about 20%. Beyond that the curve levels out but since the material used in 
the plants under investigation rarely exceeds 20% enrichment, this should 
not detract from the utility of the curve in estimating the enrichment of 
the uranium present. 

Fig. 5 Ratio of 60 keV/90 keV peaks vs enrichment 
The above measurements were made with sources of high activity and so the 

net count rates were high. With actual subjects the net count rates would 
normally be much lower, and prone to the errors involved in estimating 
subject body background discussed already. 

(* Harshaw Cehmical Co. Ltd.) 
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Future work w±%h the dual crystal will include an experiment to determine 
the relationship between the 60 keV/90 keV peak ratio and tissue thickness, 
and another to explore any correlation between the body background of a normal 
subject in the 60 keV-90 keV region and that in the 200 ke¥ and above region, 
using the 5 cm thick Csl crystal as a detector and counting all the events 
occurring within it. The range from 200 keV upwards would include contributions 
from Cs-137 and K-40 but not from the 185 keV line of U-235. 

It would also be very useful if the 185 keV line of U-235 could be detect
ed by the Csl crystal in order to distinguish between uranium and separated 
thorium but early results indicate that the backgrotmd counts in that region 
are too high for sufficient sensitivity. 

Conclusions 

The study shows that given certain conditions, the 20 cm x 3 mm single 
crystal with portable shielding can detect lung burdens in the region of 30 
mg U-Nat. The conditions are that only U-Nat. is present, in equilibrium 
with its thorium daughters, and that no separated thorium is present. 

In the major uranium processing plant studied these conditions hold for 
a substantial portion of the personnel, and those for which they do not hold 
can be identified. The system can, therefore, give useful information, and 
is suitable for routine monitoring within the stated limits. 

A dual crystal (Phoswich) system, however, offers considerable promise 
for refining the method to determine enrichment and to Improve the subject 
background estimates, and hence the sensitivity. The problem of separated 
Th-234 will require either a much more substantial counter of the shadow-
shield type, or a method of repeated cotmting to detect the decay of the 
thorium. 

References 

1. Cofield, R.E. 

2. Quastel, M.R., Taniguchi, H., 
Overton, T.R. and Abbatt, J.D, 

3. Altshuler, B., Pasternak, B. 

4. Eisenbud, M., Laurer, G.R., 
Rosen, C.R., Cohen, N., 
Thomas, J. and Hazle, A.J. 

5. Deane, P.N. 

6. Ramsden, D., Peabody, CO. 
and Speight, R.G. 

7. Newton, D., Fry, F.A., Taylor, 
B.T. and Eagle, M.C. 

Health Physics 2, 269 (1960) 

Health Physics 18, 233 (1970) 

Health Physics 9, 293 (1963) 

Health Physics 16, 637 (1969) 

Report #LA-DC-72-958 (1972) 
(Los Alamos Scientific Laboratory) 

UKAEA Report AEEW-R 493 (1967) 
(H.M. Stationery Office, London) 

lAEA-SM-150/11 Assessment of 
Radioactive contamination in 
man. p83 IAEA Vienna, 1972. 

998 



APPLICATION OF PHOSWICH DETECTORS FOR LUNG COUMTING PLUTONIUM-238 

F, Keith Tomlinson, Ralph Brown, 
Harold Anderson and Bobby Robinson 

Mound Laboratory* 
Miamisburg, Ohio 

Abstract 

Mound Laboratory's Whole Body Counter was designed and cali
brated for the detection of ^^^Pu in the lungs. This paper summa
rizes the basic counting program since December 1969. The primary 
discussion is centered around the phoswich detection system. A 
unique triple coincidence pulse shape discrimination technique was 
used to reduce the background m.ore than oneorder of magnitude as 
compared to a standard Nal(Tl) detector. Detection limits are given 
as a function of the subject's tissue thickness between the lungs 
and detectors. For a typical subject with an effective tissue thick
ness of 2.3 cm over the lungs, the system has a detection limit of 
4 nCi. 

Introduction 

Numerous laboratories have employes who work daily with pluto
nium. At Mound Laboratory about 450 employes are routinely monitored 
for ^^^Pu as part of the overall radiological health protection pro
gram. An important part of the program is the routine and special 
lung counting which gives a direct assessment of the most common 
mode of uptake - inhalation. 

This paper briefly summarizes the development of lung counting 
capabilities since 1969 with the primary emphasis on the phoswich 
detector system. The sensitivity of this system lies in the pulse 
shape discrimination instrumentation which is usedto lower the back
ground by more than one order of magnitude compared to a standard 
Nal(Tl) detector. The major problems of implementing the detector/ 
pulse shape discrimination system are also discussed. Also included 
is a discussion of detection limits as a function of the chestwall 
tissue thickness where the chestwall is the primary absorber of low 
energy photons emanating from the lung. 

Historical Development 

Detectors The radiation safety program at Mound Laboratory was 
upgraded in 1969 with the completion of the Body Counting Facility. 
The design of the facility was reasonably standard with a Packard 
Instrument Company^ steel room and a semi-aged air supply from the 
crawl space in the adjacent administration building. In 1969, two 
standard Nal(Tl) detectors, 10.2 cm diam by'0.4 cm thick, were 
coupled through amplifiers to a multichannel analyzer. Room back
ground in the 6-27 keV band was about 0,45 count/min/cm^. A typical 
count on an unexposed individual was 0.542' count/min/cm^ with a min-
inum detectable activity of about 11 nCiof ^asp^ (approximately 3/4 
m.p.l.) using a 4000-sec count. 

*Mound Laboratory is operated by Monsanto Research-Corporation for 
the U.S. Atomic Energy Commission under Contract No. AT-33-1-GEN-53. 
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A diagram of the phoswich detectors purchased from Harshaw 
Chemical Company^ in July 1969 is shown in Fig. 1. By May 1970 the 
two phoswich detectors were in use with a significant improvement 
in sensitivity over the standard Nal(Tl) detectors. Room background 
was about 0.0185 count/min/cm^ in the 14-25 keV band; however, the 
pulse shape discrimination system resulted in a loss of about 6% of 
the detected '17 keV photons. Even so, a typical background of an 
exposed individual was only 0,0346 count/min/cm^ (14-25 keV) which 
allowed a minimum detectable activity* (3a above background) of 5.1 
nCi of 2^'Pu. 

In October 1972, two additional phoswich detectors, 12.7 cm 
diam, were purchased-, the only difference was the larger diameter 
of the crystals. With the same pulse shape discrimination system, 
the room background decreased to 0,0178 count/min/cm^ and the min
imum detectable activity was slightly improved at 4.0 nCi of ^^^Pu. 

Calibration Procedures The most prominent photons for counting 
2 * ̂  P u"Trv̂ r̂rvo are t¥i~"̂ '̂ ''nFL x-rays with an average energy of 17 keV. 
The total counts in the complete 17 keV region, i.e., from 5-28 keV, 
were originally integrated for analysis. However, it was soon dis
covered that 14-25 keV was the optimum area of integration. This 
was determined by maximizing S^/B, where S Is the net cuant rate and 
B Is the background. Originally, a simple two point calibration 
curve was used for lung deposition assessments as shown in Fig. 2. 

The two points used for the exponential fit were obtained by 
counting the Remab phantom"* full and then one-half full of liquid. 
This gave two chestwall tissue thicknesses, i.e., two different 
thickness absorbers, at which the counting rate per unit activity 
was measu-red. This was knowingly in slight error for thin chestwalls 
because of the lung-to-detector distance with the phantom one-half 

0 . 0 2 5 CM T I S S U E , CM 

Fig. 1 Phoswich detector diagram. F i g . 2 Cal 1 b r a t l on c u r v e . 
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full of liquid. This error was later corrected by developing the 
proper shaped curve using ^asp^^ doped lungs from the phantom and 
beefsteak absorbers.^ Once the correctly formed calibration curve 
existed, it was overlayed and correlated to the one suitable phantom 
measurement where the phantom was full of liquid and had an equiva
lent chestwall thickness of 4.04 cm (See Fig. 2). 
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1. Carrying out extremely thorough surface decomtanination, 
including "washing" the subjects chest with ethylene-
diaminetetrachloroaceti caci d. 

2. Placing lead loaded gloves on the subjects hands and arms, 

3. Counting the subject with a lead shot filled curtain around 
each detector for shielding. 

4. Requiring a confirming lung colint taken from the subjects 
back. 

Instrumentation 

The two phoswich detectors currently used at Mound Laboratory 
are summed together into the pulse shape discrimtnation system as 
shown in Fig. 3. Because of the two dissimilar crystals in a 
phoswich detector, each output pulse will be characteristically 
shaped by the crystal in which the absorbed photon lost its energy. 
Since the pulse shape discrimination system is aligned to accept 
only those low energy (17 keV) [Nal(Tl)] pulses, noise and most high 
energy background pulses [CsI(Na)] are rejected. About a 5-8% loss 
of detector efficiency has been experienced using the pulse shape 
discrimination system. 

Discussion 

The operation of the pulse shape discrimination system is 
rather unique. Initially the system was set up to discriminate by 
using only rise time and crossover times as shown outside the dotted 
lines in Fig. 3. Because the room background of 0.053 count/min/cm^ 
(14-25 keV) was not as low as expected, the system was thoroughly 
reinvestigated. Extraneous background counts were caused by cosmic 
radiation. Typical amplifier output pulses appeared similar to those 
shown by solid lines in Fig. 4. 

Careful examination of the cosmic ray overload pulses resulted 
in the discovery of a preamplifier bleed-off pulse following the 
initial saturated pulse by 40-80 ysec. This bleed-off pulse was 
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In November 1969, efficiency 
measurements using the internal 
gate of the multichannel analyzer 
Indicated an electronic problem in 
the system. The efficiency for the 
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The comparison of a standard Nal(Tl) detector system versus a 
phoswich detector system of the same active area, shows an unques-
uionable Improvement for 17 keV photons 
direct comparison is shown in Table 1. 

1 n 
2 3 8 Pu lung counting. A 

Table 1 

Standard Nal(Tl) Detectors Compared with Phoswich Detectors 

Detector 

Std. Nal(Tl) 
10.2 cm diameter 
0,4 cm thick 

Steel Room 
Background from 

14-25 keV 
(counts/min/cm^) 

0.245 

Unexposed Person 
Count from 
14-25 keV 

(counts/mi n/cm^) 

0.276 

Mi nimum 
Detectable 
Activity* 

(nCi) 

11 

Phoswich Detector 
12.7 cm diameter 
0.1 cm thick NaI(Tl ) 
12.7 cm diameter 
5,1 cm thick C$I(Na) 0.0178 0.0274 

*3a above background (2.31 cm chestwall thickness) 

The minimum detectable activity^ for ^aspy lung counting has been 
improved by about a factor of three by changing to the phoswich de
tector system. The minimum detectable activity as a function of 
chestwall tissue thickness and unexposed subject counting rate is 
shown in Fig. 5. 
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CHESTWALL TISSUE MEASUREMENTS FOR LUNG COUNTING APPLICATIONS 

F. Keith Tomlinson, Ralph Brown, 
Harold Anderson and Bobby Robinson 

Mound Laboratory* 
Miamisburg, Ohio 

Abstract 

Mound Laboratory's Whole Body Counter was designed and 
calibrated for the detection of ^^^Pu in the lungs. 

Quantitative measurements depend upon the detection of the 17 
keV (average) x-ray associated with the decay of ^^"Pu. Because 
the half-value layer for 17 keV x-rays in tissue is only 6-7 mm, 
the effective thickness of the tissue overlaying the lungs must be 
accurately determined for proper interpretation of the counting 
data. 

The tissue thickness over the lungs is determined by ultrasonic 
measurements over the second, third, and fourth rib in the manner 
suggested by Ramsden, Peabody and Speight. 

This paper presents a review of the Instrumentation and tech
nique used at Mound Laboratory to obtain the tissue thickness 
measurement based on our experience in making these measurements on 
more than 700 different persons. 

Introduction 

DuVing the last several years, various ultrasonic Instruments 
have been used for determining human chestwall thickness. The 
chestwall thickness is extremely important where low energy photons 
are counted for lung burden assessments. 

Even though reproducibility of the chestwall measurement error 
Itself can be maintained at ±5%, it can propagate very significant 
errors in lung burden assessments. For the case of ^^®Pu assess
ments where 17 keV (average) photons are counted, an error of 6-7 
mm would cause the final lung count to be misinterpreted by as much 
as 100%. It is therefore necessary to maintain the best possible 
accuracy and precision in making chestwall tissue measurements for 
lung deposition assessments. 

This paper discusses the major problems of making chestwall 
tissue measurements and the effect they have on making ^sapy lung 
deposition assessments. The instrumentation and techniques used 
at Mound Laboratory during the last four years are reviewed. A dis
cussion of different methods of deriving the chestwall thickness 
that have been investigated is also included. 

Calibration 

The effect of the chestwall as an absorber when lung counting 
for '-^'Pu must be considered during calibration. Mound Laboratory 

*Mound Laboratory is operated by Monsanto Research Corporation for 
the U. S, Atomic Energy Commission under Contract No. AT-33-1-GEN-53 
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calibrates for lung counting using a Remab Hybrid phantom that has 
known quantities of ̂ -^Pu distributed uniformly throughout the 
phantom lungs.^ 

For 2^^Pu, the most prevalent photons available for counting 
are the 17 keV (average) uranium L x-rays. The three ^^'*U L x-rays 
(13.6, 17.2, and 20.4 keV) are not attenuated by tissue at the same 
rate and therefore give a transmission curve similar to the beef
steak curve shown in Fig. 1. 

Two 12.7 cm diam phoswich detectors were used in a "normal" 
counting geometry to obtain the data in Fig. 1, and thus the sig
nificant geometry effects are Included. 

When the statistical errors that would normally be considered 
in calibration procedures are disregarded, the error in relative 
transmission caused by an error in the chestwall tissue thickness 
can be readily observed from the dotted lines in Fig. 1. An error 
of 6 mm results in a transmission error of about 100%. The chest
wall effect on minimum detectable activity (3a greater than back
ground) is shown in Fig. 2. A typical subject with no exposure 
and a counting rate of 7.5 counts/m1n for 4000 sec is used in the 
example. 
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Fig, 2 Minimum detectable activity as a 
function of chestwall thickness 

Instrumentation 

In 1968 the only known investigation into making chestwall 
tissue measurements had been made by Ramsden et al .̂  Since lung 
counting of employes was to be routine, it was also desirable to 
determine the chestwall tissue thickness rapidly and accurately. 
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An ultrasonic sounding instrument was purchased from Hewlett 
Packard.^ Instruments of this type are used in the medical pro
fession for brain and heart studies. The transducer (0.64 cm diam) 
is electrically pulsed and produces an acoustic frequency of 2.5 
MHz which is transmitted through a coupling medium into the subject 
to be measured. The acoustic pulses are partially reflected at any 
interface where the acoustic impedance changes. The reflected por
tion of the pulse is then detected by the transducer and the time 
delay from transmission is measured. This time difference is dis
played on the horizonal axis of the cathode ray tube which is 
calibrated in centimeters of tissue. The position of any acoustic 
interface is a linear function of the velocity of sound in that 
medium and is converted to a depth measurement from the crystal 
transducer. The intensity of the reflected pulse is a function of 
the depth and acoustic Impedance mismatch and is displayed on the 
vertical axis of the cathode ray tube. A typical trace on the 
instrument is shown In Fig. 3. 

This Instrument has an adjustable distance marker that is 
adjusted via a 10~turn potentiometer, and once it is aligned with 
the echo of interest, it reads the distance from the transducer to 
the interface producing the echo. This mode of operation is 
commonly referred to as the "A-scan mode." A calibration block of 
plastic is supplied with the Instrument. 

Methods and Procedures 

Ultrasonic chestwall measurements were made on cadavers using 
various approaches followed by sectioning of the chestwall and 
physical measurements made with calipers.** Rather than measure 
directly to the lung interface between the ribs, it was advantageous 
to use the tissue to rib interface since the intensity of the echo 
was more sharply defined. However, to do this, additional rib 
thickness must be added to the tissue thickness overlying the ribs. 
After numerous rib thickness measurements on skeletons, this rib 
thickness was found to range from 0.3 to 0.5 centimeters'* depend
ing on general bone structure of the skeleton. 

An average thickness of the chestwall was found for the area 
between the detectors and the lungs. The nine measured points are 
located as shown in Fig. 4 and on the right side of the chest. 

The photon attenuation 1s a function 6"^" where \i is about 
1.15 cm-i for tissue and x is the absorber thickness in centimeters. 
Therefore, the average thickness is not a simple mean of several 
measured thicknesses, but instead, is an "exponential average." 
The true average thickness was found by measuring nine points to 
the rib, averaging the values of e"i-"'' , equating this average to 
e-i.i5x , solving for x, and then adding the rib thickness. 

Asymmetry between the right and left halves of the chestwall 
thickness could not be defined within the precision of measurement, 

A highly developed technique was necessary in order to align 
the transducer to achieve a well defined structure as shown in 
Fig, 3. The most obvious difficulties occur on subjects with 
appreciable amounts of fatty or muscle tissue in the chest area. 

A second method of measuring the chestwall thickness between 
the ribs in the same chest area was also briefly investigated. 
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NOISE 

FAT/MUSCLE 
INTERFACE 

RIB INTERFACE 

SECOND RIB 

THIRD RIB 

FOURTH RIB 

DISTANCE —»"[/«-ADJUSTABLE DISTANCE 
TO RIB, CM MARKER 

Fig. 3 Ultrasonic display of chest
wall measurement 

Fig. 4 Ultrasonic measurement points. 
(Approximate area covered by 
detectors shown in dotted 
lines.) 

The same basic principles of measurement apply; however, the 
cathode ray tube display is slightly different. 

Results and Discussion 

After more than 1,000 chestwall determinations had been made, 
the possibility of discarding the procedure in lieu of a prediction 
method was investigated. 

The average chestwall measurement for 741 different subjects 
was found to be 2,28 ± 0,748 cm (2a), Therefore, in the simplest 
form, it is possible to use this value for all subjects but with 
an extremely large resultant error in plutonium lung assessments. 
The error could be in excess of 100% at the 95% confidence limit 
If this thickness is related back to Fig, 1, 

Another prediction method used various physical 
eters, which can be quickly measured, to predict the 
thickness as investigated by Ramsden et al.̂  and Dean 
multiple regression analysis was used to investigate 
prediction equations for chestwall tissue thickness, 
were limited to 644 different subjects for which all 
parameters were measured. 

body param-
chestwal1 
^ A stepwise 
different 
The data used 

physical 

The stepwise multiple regression used is a statistical tech
nique for analyzing a relationship between a dependent variable 
(chestwall thickness-T) and a set of independent variables (see 
Table I) 1n order of their Importance. The criteria of importance 
1s based upon a reduction of the total variation In the dependent 
variable. In each given step the Independent variable most impor
tant in this reduction is entered in the regression. Unless the 
percentage of the total variation accounted for by an independent 
variable was greater than 1%, the variable was eliminated. 

The results of these analyses for three major groups of 
independent variables are shown In Table I. 
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TABLE I Regression Analyses 

Independent Variables: Weight (W), Height (H), Chest Circumference (CC), Waist Circumference (WC), 
Chest Thickness (CT) and Age (A) 

Step No. Variable 
Regression 
Equation 

Total Variation 
Accounted for by 
Regression 

Multiple Correlation 
Coefficient 

Standard Error 
of Estimate(cm) 

1 
2 
3 

W T = a+bW 40 .3% 
H T = a+bW-l-cH 4 6 . 1 % 
A T = a+bW-fcH-kiA 51.7% 

0 .634 
0 . 6 7 8 
0 .718 

Example of S t e p 3 R e g r e s s i o n L i n e : T = 4 . 0 1 8 5 -I- 0 .0107 - 0 . 0 4 7 5 -0 .0088A 
S t a n d a r d E r r o r of E s t i m a t e (a) = 0 . 264 cm 

I n d e p e n d e n t V a r i a b l e s : W/H, CC, WC, CT, A 

0 .292 
0 . 2 7 0 
0 . 2 6 4 

1 
2 

W/H T = a+b(W/H) 43.1% 
A T = a+b(W/H)+cA 48.2% 

0.657 
0.694 

0.285 
0.273 

Example of Step 3 Regression Line: T - 0.8388 + 0.6880 W/H -0.0082A 
Standard Error of Estimate (a) = 0.273 cm 

Independent Variables (W/H)% CC, WC, CT, A 

1 
2 

(W/H) ' T = a+b(W/H)^ 
A T = a+b(W/H)^-!-cA 

43.8% 
48.3% 

0 . 6 6 1 
0 . 6 9 4 

0.284 
0.273 

Example of Step 3 Regression Line: T = 0.9690 -} 2.2249 (W/H)^^ -0.0077A 
Standard Error of Estimate (a) = 0.273 cm 



Of the two ultrasonic methods described, the first was the 
more objective and easier to use. The method of measuring between 
the ribs to the lung interface is more difficult to use because of 
the lesser intensity echo from that Interface which therefore 
could introduce significant error in accuracy. 

Because of errors involved in predicting the chestwall thick
ness in the upper chest area, the precision from ultrasonic measure
ment was investigated on 45 subjects using the first method 
described previously. Over a one year period, all plutonium 
operating personnel that were scheduled for lung counting and found 
to have had two or more chestwall measurements were considered. 
Only the data from those subjects whose weight and thickness 
(front to back) had not varied more than 4% were used. The re
sults of applying these constraints left 45 suitable subjects and 
two standard deviations were found to be 0.112 cm. 

One error that is generally not considered in discussion of 
chestwall thickness measurements is that resulting from the ratio 
of fat to muscle. Although a small error is introduced from the 
direct ultrasonic measurement, the propagated error in a plutonium 
lung burden assessment can be of the order of 10%. 

Even though several methods of predicting the chestwall tissue 
thickness were investigated, the results indicate that the most 
precise technique of determining this value is by ultrasonic 
measurement. It is, however, possible to conserve time used for 
routine counting by making only four to six routine chestwall 
measurements weekly to maintain the technique needed in actual lung 
burden assessment cases. 
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In vi¥© MBASUllllENf OF OEAIIOI COMffflllATIOI M THE UMQ 

E. Riklis & I, Degani 

Israel Atomic Eaergy Coamissioa, 
luclear Research Center - legST, Beer - Sheva, Israel. 

Abstract •- The commonlj used method for detection of internal contamiimtion of ur» 
aaiuM, as well as of all other radionuelid®® •- is tirinal^ais* In cases of nontran-
sportabl® natural uranium contamination by inhalation, experience has showi that 
urinalysis giTes srratie results which do not ©sable accurate calculation ©f th® 
iahaled asount. i. method for direct in TITO measurement of natural uranium, utili~ 
aiag the 186 kef line of uranium-235, has been dsTeloped utilizing a Ihole Body 
Counter by placing the detector directly ©T©r the lung area (l, 2). This pr®eedure 
requires h©w@?®r corrections due to the presence of ca®0iua-137 and |«tassium-40 
in the body and th® parallel measurement @f a "double" as m control. A newly defe-
loped method gires direct in TiT© deteraiinatioa ©f uraniu® contaaination by count
ing the soft L X - rays {10 - 20 keV) contribution of uraaium-238 and uraniuBi-234. 
Counting is done inside th® low background Whole Body Chanber with two proportion
al detector® (30 x 15 cm) flushed with argon and methane. Quantitative callibrati-
©n was don® with sponges saturated with U0_ and placed in a chest canity ®f a male 
foat weighting 75 kg. Counts due to uranium are much higher than thoae contributed 
by the norm&lj existing amounts of ca®sitm~137 and potassiuia-40 thus enabling a 
detection tkreshold of at least l/j of th® aaxiaua persissibl® lung burden. Work 
is in progress for iMprorement of apparatus and methodology. 

With th© increased availability and use of radioactiTity, knowledge of the behaTi-
our in the human b o ^ of inhaled or imrested radioactive material haa squired a 
new significance. 

Since most chemical elements which enter th® body are ©Teatually excreted, 
analysis ©f the urine becase the Boat eoamonly used method for detection ©f radi©-
acti¥e internal contamination. 

Any activity abore zer© of radioactivity in the urine is an indication of the 
presence of a contaminant, and rather elaborate methods ©f determination ©f the 
tnae amount of this radioactivity have h@@n developed and are in practice in all 
bioass^ laboratories in nuclear centers. 

Accurate counting of radioactivity in urine is an easy task, at least for r 
and f eaitting radioisotopes. Calculating from the result the actual amount ©f 
radioactive material which exists in th® body is another natter and is rather com
plicated and inaccurate. The rate ©f excretion ©f an element from the body depends 
on its physical state, chemical formula, particle size, the metabolic activity of 
the body, and other such factors. These become even aor® complicated when one dea
ls with insoluble and <?^ eaittiuf-elements. 

Our experience in one ease of inhalation of insoluble natural uraniua dust 
strengthened the notion that it is difficult to rely solely ©a urinalysis for qua
ntitative deteniination for the amount of uranium inhaled and retained in the hum
an body (l, 2), la has been found in this case - th© urine ©f the contaminated 
subject showed great variations in uranium concentration fro® day t© day (Pif.l), 
ranging from a high ©f about 2(»0 K/lit®r to a low ©f about 100 J'/liter. 

After analysis and reconstructing the case and concluding that we are dealing 
with a case of inhalation ©f insoluble natural uranium, it becaue clear that we 
have to develop a direct ia vivo detentination of the uianium in the lungs. The 
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Fig. 1 

Pig. 2 

availability of a Whole Body Counter was therefore useful in developing a direct 
counting method based on Coffield's method (3) which measures th© counts at 186 lef 
and 90 KeT, with the 5x9 inch crystal placed directly over the cheat at a distance 
©f 1 cm and with corrections made by cotaatiag of an uaexiKssed "double", equal in 
weight and height to the exposed subject. Details of these calculations are given 
is Table 1. Cranium staiard was counted at a distance from the eryatal of 22 and 11 

Table I % Body Burden obtained by ¥hole Body Counting at 186 kef 

months 
after 
exposure 

cpm 

U 
x=22cm 

0 
xsllcm TOO tJAURo URl /icm 

-1 

c^ 

l(URl) loUBl 

ag 
burden 

u/mi 

7 

9 

11 

0 = UK 

68 

74.5 

78.6 

mium-eraui 

130 

144.9 

149.9 

174 

180 

147.3 

l i t e standard conta 

179 

187.8 

155.5 

mine- 77 

260 

245.7 

175.5 

tiff uranii 

0.13 86 

0,113 65.7 

0.113 20,2 

xm. ORo = contr 

350 

266,4 

114.5 

o l subie 

207 

141.6 

61 

e t . 
TOl = Subject under study. N(Ull) = counts obtained from subject. 
lo(URl) = Counts obtained from subject after correction for chest absorption. 

Example of calculations 

S(nHl) = No(OSl).e"^ I So(URl) = 
N(aEl) 86 
-ux -1.4 

350 cpm I 

Body Burden = .g U/URl . | i H | i l l 5 i H . 5 |x77 . 203 i«g 1 
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cm, and under the back ©f an imexposed person serving as a double. Thus the chest 
absorption /• was determined. 

Subtracting the counts obtained In the double (OH0) from th® counts obtained 
from subject (TOI) gives the counts contributed at 186 ie? from th® ttraalua in th® 
lungs. When correction is made for chest absorption in accordance with tae simplif
ied forsaula « (rre i) ̂  W(gR 1 ) th® actual eounts of uranium are obtained, 
and when -yts ' these are compared with uranium standard -
the amount of uranixm retained ia the lui^ is determined. 

The results of employii^ this method enabled us to assess th® amount of natur
al uranium still present in the lui^s of the exposed subject, to follow the rate of 
elimination from the body and (fig, 2) calculate by extrapolation the amount which 
was inhaled at the time of exposure. 

This method of direct counting of retained uranium in the lungs is certainly 
More accurate than urinalysis, as it counts retained rather than excreted uranium 
and is thus not dependant on physiological and other factors which influence the 
rate of excretion of radionuclides from the body. It is not, however, an easy meth
od as it requires briging both the subject and his "double" to the whole body coun
ter at frequent intervals, aeaaurements are time consunming and moreover, not all 
laboratories possess a Whole Body Counter which is rather expensive equipment. 

Other methods for accurate direct determination of uranium contamination ar® 
therefore under investigation. 

External counting of the low intensity uranium L X - rays (energies 13•6, 
16.9, and 20.2 kef) seemed to us a promising technique for the estimation of isolu-
ble natural uranium in the himan body. 

There are several publications on development of instruments and methods for 
the estimation of plutonium in the lui^s by counting the L X-rays of uraniiaa deriv
ed from it (4,5,6,7,8), but none about possibility of estimation of uranium as such. 

Clearly, there are difficulties due to the fact that these low energy radiatio
ns are very easily absorbed in the tissues of the chest wall. The published half va
lue thickness is about 0,7 em of soft tissue and only 0.03 em of bone. It seemed ho
wever possible that with this technique uraniun in the lungs can be counted with a 
proportional counter without much interferance of counts derived from caesium-137 
(660 ke¥) which exists now in every human beii^. 

We have used detector system comprised of two commercially made proportional 
detectors (30 cm x 15 cm) flushed with argon - methane gas and connected to a suit
able single channel analyzer. The detectors were placed inside the low backgaround 

e iffSCI OF MEAT 1 

Fig. 3 P ig , 4 
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Whole Body Chamber, We call the system OLD = Uranium Ltmg Detector. 
In one set ©f measurements the response of the "OLD was checked with different 

quantities of W^ powder directly exposed to the detector or covered with meat lay
ers, each 10 mm thick. The results are shown in figures 3 and 4 respectivly. 

In another set ©f measurements spones saturated with suspension of UOj in dif
ferent quantities, were placed in the intact chest cavity of a male goat, iPig. 5) 
simulating contaminated lungs in the chest. The results are shown in Pig. 6. 

Pig, 5 

From these preliminary results it seems that we shall be able to estiaat® wit
hout difficulties about a l/3 of MPBB for natural uraaitim. 

It soon became clear that a aore specific and narrow spectral region should be 
used in order to get specific counting response to uranium. 

These spectral regions were analyzed (by eonaectiag the aystem to a multichan
nel analyser), in the range 0 to 25 ke?* 

Although more eounts were obtained from uraniua in the low enerCT region I and 
less in II as compared to region H I , the analysis suggests that uranium is best 
counted in region III (and the instrument was therefore set up for this region) as 
in the former regions there is also high count of ca0siuiB-137 and other sources 
(fable II), The rati© of uranium count to caesium-137 count is highast ia region 
III, It should be noted however that the amount of ca8sluiB-137 used for these cali
brations was very high and nonaally existing quantities in the body (about 6 nCi) 
do not increase the count to ai^ significant extent. 

A more detailed study of the counts obtained from varying quantities ©f urani
um, ia the presence of 8 nCJ of caesium-137 and 245 g of KCl (equal to normal body 
content ©f these isotopes in standard man), is sumaarized in Table II. The results 
confirm earlier observations and show that about 1/3 MPLB of uranium can easily be 
detected in the lung when measurenents are made in this system in the energy spect
ral region III (10-20 kef). 
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Table II s Counts Obtained in U L D 

Isotope and amount counted 

137„ 8xl0"^Ci 

100x10 ̂ Ci 

200xl0"'^Ci 

KCl 245 mg 

UF 50 n« 

25 ag 

15 m 

7.5 m 

•'•''̂Cs ^ KCl •* UP4 

SxlQ-^Ci 245 ing 0 ag 

" " 50 mg 

25 aig 

15 mg 

7.5 mg 

Calculated net 50 mg 

W, cotints 25 ag 
4 

15 mg 

7,5 mg 

Calculated ratios 50 mg/S nCi 

O/Cs 7,5 Bg/8 nCi 

Background 

l e g i o n s 

ke¥ 
1 II III 

3-16 2-6 10-24 
Cotmts per 20 minutes 

153 40 38 

9CB 152 230 

1883 290 431 

450 112 148 

2013 325 1219 

1065 184 753 

697 132 419 

400 90 203 

571 107 141 

2410 423 1437 

1645 311 910 

1337 412 566 

885 278 280 

1839 316 1296 

1074 204 769 

766 305 425 

314 171 139 

13.1 8.2 32.1 

2.6 2.2 5,3 

100 18 24 

Work is now in progress with tissue equivalent phantom. It is hoped that when all 
measurements are repeated in the correct spectral region under controlled conditi
ons, it will give us another method suitable for accurate estimation of the aoounj; 
of uranium contamination in the huiaan lung. 
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EXPOSURE FROM NUCLEAR POWER 

"AS LOW AS PRACTICABLE" IN THEORY AMD PRACTICE 

G. Hoyt Whipple 
University of Michigan 

Ann Arbor, Michigan, U.S.A. 

Abstract 

The ICRP introduced the phrase "as low as practicable" into the language 
of radiation protection some years ago. Since that time, the phrase has served 
as a qualitative admonition to prudent judgment. The record of the nuclear power 
industry, in particular, bears witness to the care with which engineers have 
applied this concept to the design and operation of nuclear power plants. 

Recently the U.S. Atomic Energy Commission has proposed to elevate "as 
low as practicable" to a regulatory standard with numerical limits. This proposal 
has the effect of reducing the ICRP limit for public exposure by a factor of 100 
and essentially wipes out the opportunity for judgment, sound or otherwise. 

Such a reduction in an environmental quality standard is probably unique 
in the field of public health. An action as dramatic as the proposed reduction 
is properly taken in circumstances of near-epidemic proportions. However, there 
is no evidence that radiation exposure at the ICRP limits has any demonstrable 
effects; there is in fact considerable evidence that it does not. Further, the 
nuclear industry has conducted its operations in such a way that public exposures 
are far below the ICRP limits. 

The justification offered for setting a legal, numerical limit to "as low 
as practicable" is that if it can be done, it must be done. This is a philosophy 
that demands careful scrutiny. The costs in effort and money are considerable; 
the benefits, if any, are miniscule. Further, it is a philosophy without reason 
and without stopping place. Finally, it is an action which seriously undermines 
confidence in the ICRP standards. 

Introduction 

The ICRP introduced the phrase "as low as practicable" into the language 
of radiation protection in 1958.' This phrase, I believe, was intended as an 
admonition to prudent judgment in the face of the possibility that "any exposure 
may involve some degree of risk."2 

The record of radiation exposure, both occupational and public, during the 
last several decades bears evidence to the care with which designers, engineers 
and operators have applied this concept. The public exposures which have resulted 
from the operation of nuclear power plants are particularly striking in this 
respect. In all but unusual instances, the public exposures from these plants 
have been less than a few percent of the limits recommended by the ICRP. 
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One can only believe that those who labored on the ICRP committee have 
been gratified with the result of their carefully worded recommendation. 

U.S. A.E.C. Proposed Appendix I to 10 CFR Part 50 

Comes now, however, the United States Atomic Energy Commission. 

About two years ago this body issued a draft of a new proposed regulation. 
The issuance of regulations is, of course, a responsibility of governmental 
agencies, and the US AEC has met this responsibility fully. The new proposed 
regulation of concern to us is known as "Appendix I to 10 CFR Part 50." For those 
of you who are not familiar with this proposed regulation, a terse summary may be 
useful. 

The proposed Appendix I to 10 CFR Part 50 elevates "as low as practicable" 
to a regulatory standard with numerical limits. These limits are, for all practi
cal purposes, 1/100 of the ICRP public limit; i.e., 5 mrem per year to any organ 
of the body. There are also, in this proposed regulation, annual release limits 
for certain isotopes, and some talk of the need for flexibility to allow nuclear 
power plants to produce electricity now and then. The essence of the regulation 
is, however, the public organ limit of 5 mrem per year. 

The reduction of an environmental quality standard by a factor of 100 is 
probably unique in the field of public health. What circumstances, one wonders, 
have called for an action as dramatic as this? 

Possible Need for the Proposed Regulation 

Is it that the present limits of radiation exposure are producing unac-
ceptably high rates of injury and death? 

Is it that the nuclear power industry is abusing the present limits and 
that the praposed rule is needed to enforce them? 

Is it that the margin of safety in the present limits has been found to 
be smaller than was intended? 

Taking each of these possible explanations in turn, we find that (1) 
there is no evidence that radiation exposure at the present ICRP limits has any 
demonstrable effects, and considerable evidence that it does not, (2) the nuclear 
power industry has conducted its operations in such a way that maximum public 
exposures have seldom exceeded 1/100 of the ICRP limits, and (3) the U.S. National 
Council of Radiation Protection completed in 1971 an extensive review of the 
bases for radiation exposure limits and concluded that there is no need to reduce 
them.4 

The recent BEIR Report^ encourages consideration of quantifying the "as 
low as practicable" concept, but states that "there should not be attempted the 
reduction of small risks even further at the cost of large sums of money that 
spent otherwise, would clearly produce greater benefit." 

As far as public health is concerned, there is no demonstrated need for 
the proposed regulation. Why, then, is this dramatic reduction of exposure limits 
necessary? 
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Justification 

If one searches through the voluminous material associated with the pro
posed Appendix I, he finds that the justification given by the AEC is this: since 
the nuclear industry has shown that it can operate at about 1/100 of the ICRP 
limits, the industry should be required to operate this way. In other words, if 
it can be done, 1t must be done. This is a new concept in public health and 
deserves thoughtful scrutiny. It is a concept which is beginning to appear in 
public health areas other than radiation and leads to the ultimate goal where all 
environmental contaminants are maintained forever at zero, whatever that may be. 

The concept that if it can be done, it must be done has no stopping place. 
For example, suppose that the nuclear industry responds to the proposed Appendix I 
by designing nuclear plants which o^arate at 1/10,000 of the ICRP limit; it follows 
by the concept that they must be operated at this limit. The engineer who designs 
a safety factor into his plant is rewarded by having it eaten away by the next set 
of regulations. Such a drive to perfection (if zero is indeed perfection) has 
certain attractions to some people who do not count the cost, but the cost must 
be counted and it must be paid. 

The Costs 

The additional costs which will be imposed on the electric energy produced 
in nuclear power stations by the proposed Appendix I may be examined in two ways: 
(1) in terms of the benefit-cost ratio, or (2) in terms of cost per person-rem 
avoided. (Women are being liberated by elimination of the unit man-rem from the 
U.S. vocabulary). Application of the benefit-cost ratio to the proposed Appendix I 
is a simple matter: the benefit to public health is zero; the cost will be 
appreciable; the value of the ratio is zero. So much for the benefit-cost analysis. 

At the previous meeting of this Association, Hedgran and Lindell gave a 
charming paper which lead to an estimate of the value of a man-rem as about 1,000 
Swedish crowns.6 Currency fluctuations in the intervening years have introduced 
more uncertainty in this figure than the uncertainty of their estimate. Estimates 
of the costs of the person-rems to be saved by the enactment of Appendix I range 
from less than one hundred "early 1973 dollars" to four million dollars per person-
rem. ^ Whatever the value of the dollar in terms of the crown, the Appendix I 
person-rems appear likely to be expensive. 

There is another aspect to these Appendix I person-rems, quite apart from 
their cost. Hedgran, Lindell and the others who have speculated on the proper 
expenditure to spare a man-rem were considering actual exposures^. Appendix I, 
on the other hand, is concerned largely with fictitious person-rems received by 
an imaginary child, drinking imaginary milk produced by an imaginary cow which is 
grazing on an imaginary pasture at the boundary of the plant s i te . Thus, real 
dollars are to be spent to spare make-believe doses. Estimation of the value of 
a make-believe person-rem may belong in the realm of fables, but surely not in 
the realm of radiation protection. 

The Critics of Nuclear Power 

You will see that our search for some justification of the numerical inter
pretation of "as low as practicable" has so far been in vain. Perhaps looking at 
the matter from the point of view of the U.S. Atomic Energy Commission may suggest 
an answer. 
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Some years ago the late Andre Cipriani said that one should remind himself 
that government bureaucrats, in their inner hearts, are not purposely trying to 
make life impossible for the rest of us. (This, as friends of Dr. Cipriani will 
realize, is a sanitized version of his original statement). 

Critics of nuclear power have predicted an assortment of disasters which 
make Dante's Inferno look like a summer afternoon in the park should the develop
ment of nuclear power continue. These critics have pleaded for reduction of 
radiation limits by factors of ten or more, reduction of these limits to zero 
(whatever that may be), a moratorium on nuclear power plants until it can be 
shown that they are absolutely safe, and the elimination of these plants altogether 
and forever. Still mindful of Dr. Cipriani's comment, I realize that to some 
extent a governmental agency should respond to the wishes of the public it serves. 
perhaps it is here that we may find the explanation for Appendix I. 

Nothing on this aspect of the case appears in the pages of reports, testi
mony and response to which Appendix I has given rise. There is no way of knowing 
how near to the truth is the suggestion that the purpose of this proposed regula
tion is to buy off the critics, but it is the only plausible explanation I have 
found. If this is in fact the explanation, it is ironic indeed: the critics of 
nuclear power have been trying for years to discredit the AEC; now, by proposing 
this rule, the AEC discredits itself. 

There are circumstances in which one could forgive a frightened bureau
cracy for proposing a regulation as unfortunate as Appendix I. Imagine, if you 
will, a world where radiation is the only cause of illness and death, where nuclear 
power is the only source of radiation, where alternate sources of power are in 
ample supply, and where the production of electricity by means other than nuclear 
power has no ill effects on public health and the environment. In such a world. 
Appendix I would make good sense. It is such a world as this that many of the 
critics of nuclear power envisage, but our world is nothing like this. The pro
posed regulation makes no sense whatever for today's world. 

The public has become somewhat confused and suspicious by the controversy 
over radiation standards. The proposed Appendix I destroys confidence in the 
ICRP standards, which are surely the most firmly based and carefully conceived 
the world has ever known. 

Summary and Conclusion 

In theory, the principle of "as low as practicable" is an appeal to cautious 
judgment. The very low public doses and the complete lack of any ill effects on 
public health attest to the excellence of the theory and the scrupulous observa
tion of it by the nuclear power industry. 

In practice, as in the proposed Appendix I, the principle of "as low as 
practicable" becomes a stringent numerical standard, which is unnecessarily low 
and essentially unmeasurable. The proposal has already done considerable harm. 
It has increased the costs of designing, constructing and operating nuclear power 
plants. It has Introduced bewildering confusion into the planning for electric 
power generation. The proposed Appendix I may increase cost and public opposition 
to the point where fission and even fusion are eliminated as sources of energy. 
This, in my opinion, would be a tragic development. I urge that the Appendix I 
Interpretation of "as low as practicable" be buried as quickly and as quietly as 
possible. 
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PHiHHM) daoK. JaejiBHafl aKfiBHOcfB BoaH lenjioHocHTeafl I i I J dao-
KOB npiMepHO Ha 2 nopaaKa leHBuie, ^SM aafl I daoKa, H onpeaeraeT-
Ofl B OCHOBHOM HSOTOflaMH HaBeaeHHOfI aETlBHOCfH P-18, lla-24, 
Ar-41 I E:-42 , 

B Tada« 4 H 5 npiBsaeHH HaEOfopHQ aaHHHe o KomeHipamflx 
paaMoaKJJHBHHX leiecfB B afMoccJepHoii Bosayxe i oEopocsH oca^eHiH 
Ha no^By. 

TaCEwm 4 
EoHii0HfpaOTH paaroaKTiBHBix aspoaoaet 

B afM0c#epH0i BOsayxQ / , lO-I? E i p i / j i 

•̂KM 

0,5 
2-3 
4""5 
8 

50X 

I97I r . 
Sr-.90 
0,53 
0,43 
0,58 
0,40 
0,46 
0,41 

3S-.157 

0,89 
0,65 
0,92 
0,73 
0,72 
0,63 

fe-:K|^144 

13,5 
9,2 

15,4 
11,2 
10,8 
11,4 

1972 r . 
ar^90 
0,27 
0,22 
0 25 
0,17 
0,17 
0,23 

1973 r . 
3s-137'©-M,144pr-90 :fei57 pe»¥a,144 
0,57 
0,51 
0,23 
0,27 
0,25 
0,32 

3,8 
2,8 
3,5 
2,7 
2,4 
3,0 

0,12 
0,06 
0,10 
0,056 
0,048 
0,026 

0,30 
0,11 
0,16 
0,32 
0,10 
0,44 

1,40 
2,74 
1,52 
1,06 
1,56 
1,59 

^ r » BopoHea, 

Tadama 5 
BHnaaeHMe paaioaETiBHHx leiecTi is aTMOc$epHoro Bosayxa /" , 

MKBpi/Ki2roa (B 1973 r, MKIOPH 3a I KBapfaa) 

1,KM 

1,5-2 
4-6 
9~I2 
50X 

I97I r . 
Sr-90 

1,43 
I 32 
1,58 
1,37 

C&-137 

2,28 
2 16 
2,22 
2,32 

Ce-141,»4 

38,4 
26 5 
27,6 
35 5 

1972 
ac-90 
0,70 
0 54 
0,59 
0 69 

te-137 
1,13 
0,99 
1,33 
0,95 

Tft 
C0-141,3M-

10,6 
7 8 
7,6 

12,3 

1973 r« (] 
Sr-90 

0,15 
0,078 
0,072 
0,189 

: KB.) 
Cs~57C6-]4y44 

0,21 
0,21 
0,38 
0,42 

0,51 
0,68 
0,45 
1,17 

• ' r . BopoHQS, 

iH8iH3 fada* 4 H 5 noEasHiaef, ITO K a K | , KBpi/i, f a i i F , 
MKi3pi/KM2roa npaiTi^ecKH HQ HSMeHHDfCfl c paccTosHMeM ot A9C,a no 
adooiiofHOi •BQS.E^mm He c»aMaiffiCT of coofsef CTByamx leaiHiHH asfl 
isoTonoB raodajiBHoro npoicxosaeHia, SaieTHM, ^T0 KopoiKosHspiix 
isofonoi ( i fOM iMcie 1-131) HH B aTMOc^epHoi losgyxQ, HH Ha 
noise He HadiBaanocB, 

iHaMS paaioaraiBHocTi apyrix cpea (BOSH, pHdH i f, a«)noa-
SB0piaa6f, ^w BHdpocH HBA9C coBepieiHo HQ BOTHIOI la paaiemoH-
HjK odciaHOBKy, 1 cyiiiecTByi3H|i0 ypoBHi sarpHSHerafl BHeiHet o p e n 
onpeaeifiBTCfl laofonai i raodaatHoro npoHCxo^eiiH, KOfopHQ xapas-
f epHH asfl Qforo nepioaa a ia leHipajiBHHx paiosoB CCCP. 

3KcnepiM8H!EaflBHH8 aaHHHe, n|iB8a8HHBiQ B iada» 4 1 5 , a f a l 
se aHaaorHiHHe aanHHQ sa I965-I970 r r , a a w BOSHOSHOcfB onpeae-
aifB cpeaHeroaoBHe OKopooM oca«eHifl HsofonoB aa noisy Vg« Oia 
OKasHBaeicfl pasHOi Vg-^ 1,0 CI/C@K. 

imerpipyioiiHa r -aosmefpH, paccfaBafleiHe eseroano B paaiy-
C8 ao 50 Ki, H0 noKasHBaiOT pasaiiiH BH0IHHX noaei raMMa-HsayieaM 
Of ypoBH6ft ecteofBeHHoro $OH8. PacieiH noKasHiasf, mo B 1972 r,, 
Koraa padOTaai 3?pi daoKa, MaKciMaaBHSfl aosa of BieiHsro r - i s a y -
qeHia, odycaoBiQHHas BHdpocoM IPF, dnaa MQHBie 0,2 Mdap/roa, a 
ot 1-131 aa DpTOBiaHyi seaesy a e i e i (c yiefOM nraieBoi aenoTOi B 
lae-OKTfldpe) Menee 1,5 Mdap/roa npi cpeaaeM ecfecfBQHHOM $0He 
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-elttffHKHH,, iOpOO S8BEaeS0lf8dE To aE85H«0HM iE^ldo# IsS a UHllBff 
-OXff H *£80ff {li:HaE8iCa'HaHtfHH '8 'i *BHH8E80BH 81 OllHE QOHaESffSO BH 
oef aooodpHa so ieotf asBSHhooBd aiooHsoieoa isstf (c) BEi?wdo§ 

'HddH 'b itpMi olHHoitiBEHiHea a 
eoodpHff H *HdoiH/dep *ef neoff uoHHsaoeiEsidoH eHHBHs Boasipsdi HSOK 

iOHHOHbBEiCnon HHHStlO BEE SBiiitEO ISHtfOEOOn g "laiiOn BH BHHeEEBOO 
aaSOOdOMO IOHHSEBH O /02-9I/ BEdO$$lJ-6EEHa3I08II iHHffoaoH 'd91 

-idllBH *BBH91Han *Ba8h08d M8MU lEH BHHBMH a05JI.£E0dU BHHSHSBdJEBS 
isnaodi fiHsdeweH XHHHsasoKsdooneH H8I£U ^^whRuoM OHIOW ^HHioid 

~8Med8x £ae 'OIIHE eoiaESEso BH RQQU mREmiBRUmmMim leii *8hJ9E OH 
.«c85MheH8 aiHEQEsduo (iiBaodoH -*deMHdn6H) miHioaffl HEH lOHsaoEeii 

XHH8BEp8dlOUl ^BHHBMD X6a;H.£EodU a ISOOHaHSHB ilHHhHEOa H^HdBHM^O 
(21) BHHBiin XBitMEOdU a HdfflH ®? = ifOECHE WSHHBJdO a iddH *™i 

•8 *I *% BHHBMH XBIHiCEodn a BnOIOSH OJEOHHBE 

MOOHSMHS ISHHBSdoEoO MHHdBHM̂O aSHH8M88 OHSOH BHHBSHn HKBiEĤE 
-Odn 0 iSEdE MSHHBjdo a '^I eiH8EU<?I00n SOHdBWliCo ('S •! H SHSOP 
-ededsn idn mttBdaiHStiHoa iSHHSHeieii *i0EBU0Bd HHnaHSHBOHEed aaed 

-psnedn HEOS) SBIIIEO wsiifssoodn g "isHHeEeoBH BiHSEpodion xi rasw 
-OH a BHHBiin XBM£Eodn XHHHBE a aooEHSoxBH eaiostoQa ojoHansHBOHE 
-ed osaEOHO ^aasHS OHhois^oog 'rahBEtoon HOHHBE a HiHitEodu SHHHSH 
-8BdJ88 aOHEHE8E8dnOBd 8Etl H HBM 'aiBH8 H500KHE0XP08H I8H *BH0Hd 

iHoneio *oHaE85BaoE8Eo 6 *% HeoE lOHHOHliBE^uon BSBiiOBd Hdn oa 



SHoaKfiBHBMi BenecfBaiH npoflyKfH nMamH nocTynaioT B loproBO-sa-
roTOBHieaBHy© cefB^ no aHaaorra c ^opMyaoM ( I I ) HiieeM 

I'p = " ( | i H ) V (KJOPH) = D ( ^ ) k ( J j : g p (£f=) Q („„pH). (17) 
B $opMyaax (16, I7)'Cp onpeaeanefCfl BHpasQHieM (15), Ko3$$HmeHf 
K saBHcif Of lana nueBOi î enoqEH A M saHHoro isofona. HanpiMep, 
npi locfynaeHHi isofona B opraHHSM lepes aenoiKy BOsayx-nacfdHie-
MoaoKO-ieaoBeK Koa$$mii8Hi k dysei pasen 

k = kiYp.(„»-.) pcMSOi)AS M! E a i t i ^ (18) 
i S i Q Q g / j i ^ / < : KopoBS.cyfKH 0^693 

3aeoB k i - soafl of noeaasMoro KopoBot o KOPMOM laoTona, nepeoiea-
ttiafl B MoaoKoi V„ -• cKopocTB oceaaHHfl HBOfona la nosBy; / - c p e ^ -
HHH naofHOOfB K0T)0B Ha 3arpfl3H8HH0t TeppHTopiH; > - MOSB H30fonat 
saaepMBaroiiaHCfl Ha ipase ; s - naoiiiaaB« c KOTopoM Koposa noeaasf 
fpaiy B fQioHHe O^HIX cyfos; "^QM - 9i$eEfHBHHi nepioa noayBHse-
jienifl laoTona M3 cseaodHoa lacfff^TpaBH, 

lafl s p y n x m^eBbix itenoieK, lanpHMep, BOSflyx-aepHOBHe KyaB-
lypH-qeaoBSK Koai^mHeHT dyaea? pases 

k = V (™KMiM) f -J™ p ^ / j 5 . 

S^eet -f̂  - aKTHBHOcsB isoiona B I Kr aepHa, noayqeHHoro c l epp i -
lOBHi, sarpHBHgHHoM HHierpaaBHHM EHnaseHMSM I Kiopi/M^; _f> - ypo-
MHHOGTB, Kr/ lS, ?g - CKOpOCfB OCeflaHHHt M/CSK. 

tasTopUp- BOCBMa ysodHafl ME oiieHO^HHX paciefOB seaHiMHa, 
saBHCflinaH foaBKO Of reaoBifi HCfê êHMH M pasdaBaeniH npHnecH. l a t 
BMSHo H3 #opMyaH (15) , OH HS sasHCHT Of ropisoHiaaBHol aMcnepcHi 
6^. Poci BepfiKaaBHOi aHcnepciH {6^) c peccfOHHieM orpaHi^eH foa-
IMHOB caoH nepeMSiMBaHHS. IIo3TOMy 8flHHCTBeHHi)M (laKTopoM, orpam-
ĤBaioinHM BeaMHHy^p, HBaHeicfl HCTOiiieHHe cipyi sa cqo!^ pa^MOaK-

fiBHoro paciaaa BO •speiH asHaeHiH M BHnaaeHHH aa noTOy, M-E aoa-
rOlHMlHX 130I0n0B paCCfOHHHe, aSH KOTOporO HeOdXOflHMO pacc^HfH-
BaiB'Cp^ flocfiraeT OOTGH H aaae THCAI KMaoMefpoB, BpeMH asHKeHifl 
BHdpOOTB 00 CpeflHlM BSipOM Ha OTOaB dOaBlHS paCGfOHHHH np8B0CX0-
aif G^TEH. IIoafOMy npH pacieie w, cyiecTBeHHrni OKas&maeTci cy™ 
fOTOHH xoa KaseropHH GTadHaBHOoM, $aKsop Cr, HBaHefcfl iHcaeHHoi 
BeaHlHHOfl, HQ BaBHCflfliet QI paCCTOHHMfl B Q'SimmQ OT HHflHBMayaaB-
Horo $aKfopa Cî  KOTOPHU flBaflercH $yHKiiHei paccToaHM* 

B saKaa^eHMe oraefiM, MTO lepmn "dap",B cseie BHineyKaaaHHO-
ro,HBafleTCfl doaee npaBHaBHbiM KPMTQPHQM oiteHM nonyaaiiHotooM aosH, 
l e i iipoKO HonoaBsyeMHH lepMiH "TieaoB8K«d3p". 
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AVERAGE EFFLUENT RELEASES FROM U.S. NUCLEAR POWER REACTORS, 
COMPARED WITH THOSE FROM FOSSIL-FUELED PLANTS, 

IN TERMS OF CURRENTLY APPLICABLE ENVIRONMENTAL STANDARDS* 

Andrew P. Hull 
Health Physics and Safety Division 
Brookhaven National Laboratory 

Upton, New York 11973 

Abstractt 

Between 1967 and 1972, eighteen "second generation" light-water-cooled 
nuclear power plants, with capacities in the range of 500-800 MW(e) have been 
put into operation in the United States, These were in addition to ten 
smaller demonstration plants and one high-temperature gas-cooled nuclear 
power plant in operation at the start of this period. The reported yearly 
air effluent releases of radioactive gases, halogens and particulates, and 
liquid effluent fission and activation products and of tritium from these 
plants are evaluated on a Ci/lO-̂  M\f(e) basis, and the overall yearly averages 
for the various types of reactors [boiling water (BWR), pressurized water (PWR) 
and high temperature gas-cooled (HTGR)] are compared. 

The complete first and second generation data are used to project the 
effluent releases for a "reference" 1,000 MW(e) BWR, PWR and HTGR. The yearly 
effluent releases for such reference reactors, at an 80% availability, would 
be: 

AIRBORNE LIQUID 
Halogens & Fission & Acti-

Gaseous Particulates vation Products 

BWR 
PWR 
HTGR 

1.66xl06 Ci 
9,650 Ci 
2,760 Ci 

5.31 Ci 
0.17 Ci 

< 0.02 Ci 

49.6 Ci 
30.2 Ci 
0.27 Ci 

Tritium 

104 Ci 
5,750 Ci 
835 Ci 

These and the amounts of effluents released from reference 1,000 MW(e) 
fossil-fueled plants are compared in terms of relative environmental concen
trations and their relationship to the applicable U.S. environmental standards 
for the principal constituents in their respective plant air-effluent streams, 
The largest required annual dilution volume for the most restrictive con
stituent is as follows: 

Plant 

Coal 
Oil 
Gas 
BWR 

PWR 
HTGR 

• Type 

(3, 
(1. 

.5% 

.5% 
S) 
S) 

Pollutant 

SO2 
SO2 
NO2 
Short-lived 
radio-gases 
85Kr & 133xe 
Short-lived 
radio-gases 

**Based on 80% 

EPA & AEC 
Standard 

0.03 ppm 
0.03 ppm 
0.05 ppm 

3x10-8 ci/m3 

3x10"^ Ci/m^ 
3x10-8 ci/m^ 

availability 

Annual 
Discharge 
Quantity** 

3.66xlo8 lb. 
I,23xl08 lb. 
2.71xl07 lb. 
1.66xl06 Ci 

9,650 Ci 
2,760 Ci 

Air 
Dilution 
Volume (m3) 

2,14x10^^ 
6.95x101'̂  
1.23x10^^ 
5.54xl0l3 

3.32x10^0 
9.22x101"̂  

* Research carried out at Brookhaven National Laboratory under contract with 
the U, S, Atomic Energy Commission, 

t Revised August, 1973 to incorporate 1972 data. 
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Introduction 

During the late 1960's a widespread concern for the overall quality of the 
environment evolved in the United States. This led to the enactment of a 
Variety of legislative and administrative measures intended to decrease the 
quantities of pollutants released to the air and to waters. 

This concern also extended to the radioactivity released to the environ
ment in nuclear power plant effluent streams. It was heightened by the wide
spread dissemination by the media of claims by Sternglass-'- of a causal 
connection between power reactor effluents and infant mortality, as well as 
on the arguments made by Gofman and Tamplin^ in the context of power reactors, 
that a U.S. population exposure of 170 millirems per year would lead to large 
increases in prevailing U.S. cancer mortality rates. 

In what seemed to at least some observers^ a response to the popular 
concern so evoked, rather than to the scientific evidence, the U. S. Atomic 
Energy Commission (AEC) formally adopted "as low as practicable" into its 
regulations governing radioactive effluents, and proposed related numerical 
guidance for light-water-cooled nuclear power reactors. 

Up to recently, much of this concern about power reactor effluents has 
been narrowly focused on their absolute amounts, and on the degree of risk 
occasioned thereby. Among the first reviews of past experience to establish 
patterns and trends of effluent releases was one by Blomeke and Harrington^ 
covering the years up to 1967, and one covering the same period by Brinck and 
Kahn^. Starting in 1969, the Division of Compliance of the AEC (now the 
Division of Regulatory Operations) published yearly summaries of power reactor 
effluents, itemized by the categories of noble and activation gases, halogens 
and particulates (with a half-life greater than 8 days), mixed fission and 
corrosion products (MFP) and tritium in liquid effluents. It was qualita
tively apparent from these data that the overall amounts of power reactor 
effluents were increasing; that the gaseous and halogen releases from the 
boiling water reactor (BWR) type were larger than those from the pressurized 
water reactor (PWR) type; that their fission and corrosion product releases 
were rather comparable, and that tritium in liquid effluents from PWR's ex
ceeded that from BWR's. 

Since it is related to the meeting of projected electrical energy demand, 
a reasonable debate about the risks occasioned by nuclear power plant effluents 
should also include a comparative consideration of that occasioned by conven
tional fossil-fueled plants. One of the first such comparisons was made in 
1967 by Terrill et al.". They set forth discharge quantities per year - MW(e) 
of SO2, NO25 radioactive ^"-^Ka and 228ĵ a £ĵ  f]̂ y ggĵ  from coal, oil and gas-
fueled plants, and also of radioactive noble gases and 131i from nuclear plants. 
Using these data with AEC concentration standards for radioactivity or recom
mended concentration standards for conventional agents, they calculated a 
yearly volume of air required for dilution [m3/MW(e)], They utilized only a 
limited amount of PWR effluent release data available to them at that time, 
as well as concentration standards for conventional pollutants that have since 
been superseded by much lower ones promulgated' by the U. S, Environmental 
Protection Agency (EPA). However, they showed that the amounts of air re
quired for dilution of the yearly amounts of radioactivity, as well as the 
conventional pollutants emitted from fossil-fueled power plants, were much 
greater than those required to dilute the radioactivity emitted from PWR's. 

That these conclusions might not apply to the same degree to BWR efflu
ents was suggested in 1969 by Fish", who also suggested that the air quality 
criteria for SO2 utilized by Terrill et al, were higher than more recently 
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adopted ones. In a further consideration along these same lines, Hull" 
utilized the average of all releases from nuclear power plants for 1969, as 
well as more conservative air quality criteria for non-radioactive agents. 
His conclusions were in essential agreement with the earlier comparisons, but 
also showed that both coal and oil plants required larger dilution volumes 
than BWR's. A similar, but somewhat more sophisticated comparison, which con
sidered the residence time of airborne pollutants, was made in 1970 for coal 
and nuclear-fueled plants in West Germany by Jansen et al.-^^, who arrived at 
a similar conclusion. 

In the absence of a much needed biological effect related unit for con
ventional pollutants analogous to the man-rem, these comparisons to concentra
tion standards appear to offer the most -objective basis available for weighing 
the relative risks of the presently available choices for producing electrical 
power. However, in a recent comparison along this same line, Starr et al.̂ -l 
observed that the air quality standards for conventional pollutants are much 
closer to concentrations at which prompt medical effects are perceivable, than 
are those for radioactivity. In the absence of well controlled studies of the 
possible effects of long-term exposures to low levels of conventional pollu
tants, if a linear dose-effect relationship is applied their effects would be 
greater than those suggested from considerations based on air quality standards 
per se. 

In what follows, the previous comparisons^ are updated to include a con
sideration of how the trends in effluent release rates have been affected by 
the larger "second generation" light-water-cooled nuclear power plants, with 
capacities in the range of 500-800 MW(e), some eighteen of which have been put 
into operation from 1967 on, in addition to those operating at that time. It 
also incorporates recently adopted EPA Air Quality Standards as the basis for 
comparison. 

Reactor Effluent Releases 

In order to provide as consistent as possible a basis for evaluating the 
trend of releases from nuclear power reactors, it is desirable that they be 
separated by type, and that these releases be normalized to the integrated 
quantity of electricity generated, rather than on plant capacity. Since the 
reactor effluent release data summaries by the AEC have not until 1971 
included the latter data, it is not clear that previous comparisons have been 
made on this basis. For 1967 and 1968 the AEC reactor effluent data utilized 
herein was published in 1969 by the Joint Committee on Atomic Energy•'•̂ , For 
the years previous to 1971, the amounts of electricity generated by nuclear 
reactors was obtained from a 1971 AEC report-'-3 on the operating history of 
U.S. nuclear power reactors. Since it was available, the data for one rela
tively small high temperature gas-cooled reactor was also Included. 

The effluent release data reported by the AEC have been set forth in 
their four major categories, as indicated above. Starting in 1972, supple
mentary information on individual nuclides within these categories was also 
included in the AEC report. Although such data would permit a more precise 
evaluation of the radiological significance of reactor effluent releases, 
since it has not been available over the period of interest, it has not been 
included in this study. 

Yearly overall average amounts of gaseous, halogen and particulate, liquid 
fission and corrosion products, and tritium activity from 1967 to 1972 have 
been calculated in curies per 103 megawatt hours(e). These have been obtained 
by dividing the total of each reported reactor effluent category by the total 
electrical power generated by the various reactor types. 
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The nuclear power reactors operated between 1967 and 1972, with their net 
electrical power capacities, are shown in Table I. Although omitted from the 
detailed presentations, the releases from the two reactors which ceased opera
tion during the study period have been included. Shippingport was not included 
since release data from it was not included in the AEC reports. 

U.S. Nuclear 

Name 

Shippingport 
Dresden I 
Yankee 
Big Rock 
Elk River 
Indian Point I 
Saxton 
Humboldt 
Peach Bottom 
San Onofre 
La Crosse 
Connecticut Yankee 
Oyster Creek 
Nine Mile 
R. E. Ginna 
Dresden II 
Millstone I 
H. B. Robinson 
Monticello 
Point Beach 
Palisades 
Dresden III 
Quad Cities I 
Vermont Yankee 
Quad Cities II 
Point Beach 
Surry I 

Power Reactors 

Type 

PWR 
BWR 
PWR 
BWR 
BWR 
PWR 
PWR 
BWR 
HTGR 
PWR 
BWR 
PWR 
BWR 
BWR 
PWR 
BWR 
BWR 
PWR 
BWR 
PWR 
PWR 
BWR 
BWR 
BWR 
BWR 
PWR 
PWR 

Table I 

Operated Between 

Power 
Net MW(e) 

90.0 
200 
175 
70.3 
22.0 
265 
3.0 
68.5 
40.0 
430 
53.2 
575 
640 
625 
420 
800 
652 
700 
545 
497 
700 
800 
800 
514 
800 
497 
788 

1967 and 

Start Up 

1957 
1959 
1960 
1962 
1962 
1962 
1962 
1963 
1966 
1967 
1967 
1967 
1969 
1969 
1969 
1970 
1970 
1970 
1970 
1970 
1971 
1971 
1971 
1972 
1972 
1972 
1972 

1972<1^) 

Shut Down 

-
-
-
-

1968 
-

1972 
-
-
-
-
-
-
-
-
-
-
_ 
-
_ 
-
-
-
_ 
-
-
-

The trend of the gaseous effluent release rate is shown in Figure 1. It 
is apparent that the average release rate from BWR's has continued to exceed 
that of PWR's, but that factor has decreased from about 1,000 to closer to 100 
between 1967 and 1972. An examination of the individual data, shown in Figures 
lA for BWR's and IB for PWR's, discloses that this is attributable both to the 
lower "second generation" BWR release rates, which have averaged about 1/10 of 
the pre-1967 BWR's, and to an increasing trend with time from several of the 
older PWR's. 

A similar pattern for halogens and particulates with a half-life greater 
than 8 days is evident from Figure 2, except that the average release rates 
from BWR's have also increased over the period from 1967 to 1972. The release 
data for individual reactors, shown in Figures 2A and 2B, indicate that al
though the spread is not large, this is principally due to increases over this 
period from the older BWR's and that most of the "second generation" BWR 
release rates have been somewhat less than the overall average. The pattern 
for individual PWR's is less obvious, but most of the increase in the overall 
average is again attributable to older plants. 
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As shown in Figure 3, the average mixed fission and corrosion product 
activity release rates from BWR's have consistently been somewhat larger than 
those from PWR's. Both have declined somewhat over the period under considera
tion. While the relative influences of older and "second generation" reactors 
are not altogether consistent, the individual reactor release rate data shown 
in Figures 3A and 3B suggest that for both the BWR's and PWR's the release 
rates from the "second generation" reactors have generally been somewhat less 
than from the older plants. 

From Figure 4, it is obvious that the relative overall release rates of 
tritium in liquid effluents from BWR's and PWR's has been the reverse of the 
situation for gaseous effluents. Although rates for both reactor types have 
declined in recent years, those from PWR's have been about one hundred times 
the rates from BWR's, In both cases the individual release data shown in 
Figures 4A and 4B indicate that most of the reduction in the overall averages 
is attributable to the lower release rates from "second generation" plants. 

With appropriate caution that, as suggested by the increasing trend of 
many of the release rates from older plants, the performance of the newer 
"second generation" plants might be expected to deteriorate somewhat in this 
regard over future years, these data appear useful as a means of projecting 
the anticipated yearly effluent releases from a "reference" 1,000 MW(e) 
capacity nuclear power reactor, available for 80% of the time as a base load 
plant. These projections are: 

Table II 

Projected Effluent Releases of Radioactivity in the 
Effluents of "Reference" 1,000 MW(e) Power Reactors 

BWR 
PWR 
HTGR 

AIRBORNE EFFLUENTS 
(Curies/year) 

Gaseous 

1.66x10^ 
9,650 
2,760 

Halogens & 
Particulates 

5.31 
0.17 

< 0.02 

Co: 

LIQUID EFFLUENTS 
(Curies/year) 

Fission and 
rrosion Products 

49.6 
30.2 
0.27 

Tritium 

104 
5,750 
835 

The concern of this paper is with the relationship of effluents from" 
nuclear power reactors and fossil-fueled plants to environmental standards in 
their immediate vicinities. However, it should be noted that the operation of 
a nuclear power reactor also results in the release of radioactivity to the 
environment when its fuel is reprocessed. From data given in Ref. 2, Vol. I, 
pp. 1711-31, for effluents released between 1966 and 1971 from the one commer
cial fuel reprocessing plant in the United States, the amounts so released 
from the reprocessed fuel of the above indicated 1,000 MW(e) capacity power 
reactor would be as follows: 

Table III 

Projected Effluent Releases of Radioactivity in the Effluents of a 
Plant Reprocessing Fuel with a Total Exposure of 8.72 x 10^ Mwd 

AIRBORNE EFFLUENTS (Ci/yr) LIQUID EFFLUENTS (Ci/yr) 

Halogens & Fission and 
Gaseous Particulates Corrosion Products Tritium 

2.68x10^* 0.40** 53.5*** 4,830 

* ^^Kr - 100%; ** l^lj . < o.07 Ci; *** ̂ Ogr - 8.3 Ci. 
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It is also possible to project the release rates from a nuclear power 
reactor from theoretical considerations, starting with assumed fuel leakage 
rates, transfer coefficients from the primary to other systems, and the even
tual release from the reactor to the environment. Such an approach has been 
utilized by the AEC in its Environmental Statement^^ concerning the rulemaking 
action in connection with its proposed numerical guidance for light-water-
cooled nuclear power reactors. For 3,500 MW(t) plants with effluent control 
equipment similar to that employed in currently operating power reactors, 
their "base case" projections are as follows: 

Table IV 

AEC "Source Term" Projections of Radioactivity in the Effluents from 
Base Case 3,500 MW(t) Light-Water-Cooled Nuclear Power Reactors 

AIRBORNE EFFLUENTS (Ci/yr) 

BWR 
PWR 

Gaseous 

2.9x10^ 
4.6x10'^ 

131j 

15 
1.2 

LIQUID EFFLUENTS (Ci/yr) 

Fission and 
Corrosion Products 

1,800 
210 

Tritium 

20 
350 

It appears that for all categories but tritium, the AEC assumptions and 
calculational method lead to projected releases in excess of those predicated 
on experience to date. Other aspects of the overall reactor-environmental 
model utilized by the AEC in framing its proposals to limit radioactivity in 
light-water-cooled reactor effluents have been discussed elsewhere-^. The in
fluence of these proposals, whether or not they are finally adopted in their 
present form, seems likely to considerably diminish the release rates of most 
categories of nuclear power reactor effluents in the United States, thus 
making projections based on experience to date upper limits of what may be 
anticipated. 

Comparison With Fossil-Fueled Plant Effluents 

When the relationship of conventional pollutants from fossil-fueled power 
plants to air quality standards is compared to that between airborne radio
active effluents from nuclear power stations and radiation concentration 
guides, the much greater public concern which the latter has evoked in recent 
years seems difficult to comprehend. The nature of these relationships is 
suggested by a straightforward method of calculating the volume of air re
quired to dilute the yearly amounts of various kinds of pollutants or 
radioactivity emitted from a "reference" 1,000 MW(e) capacity plant to the 
currently applicable EPA air quality standards or AEC radiation concentration 
guides. If it is further assumed that the same meteorological considerations, 
whatever these may be, are applicable, then these need not be specified in 
making such a comparison. 

In the current calculation, the following heat values of fuels have been 
utilized: 

Bituminous Goal - 26,200 BTU/ton 
Crude Oil - 5,800,000 BTU/barrel 
Natural Gas - 1,035 BTU/ft^ 

Emission factors for various fossil fuels have been obtained from a U.S. Office 
of Science and Technology report 16 The amounts of radioactivity in coal and 
oil originally indicated by Eisenbud and Petrow-"-' have been slightly modified, 
considering more recent data reported''-" in 1968. The results are as follows: 
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Table V 

Type 
Plant 

Volume of Air Required to Meet Concentration Standards 
and Average Site Boundary Concentrations for Yearly Emission 

from a 1,000 Megawatt(e) Power Station 
(Operated as a Base-Load Plant, with an 80% Availability) 

Pollutant 

COAL SO2 (3.5% S) 
NO2 
CO 
Hydrocarbons 
Particulates 
(97.5% Removal) 
226Ra 
228Th 

Standard 
(A) 

0.03 ppm 
0.05 ppm 
9.0 ppm* 
0.24 ppm** 

75 lig/m̂  

2xlO-12ci/m^ 
2xl0"13ci/m3 

Discharge Dilution Site Bndry^ ^ 
Quantity(^) Volume (lO^m^) Concentration 

3.66xl0^1b, 2.14x10^ 
5.50x10'^ lb. 2.49x10^ 
1.38xlo6lb. 63.5 
5.50xl05lb. 156 

1.25x10'lb. 75,500 

0.0170 Ci 
0.108 Ci 

8.5 
708 

0.20 ppm 
0.04 ppm 
0.02 ppm 
0.001 ppm 

18 |j,g/m3 

4 .2x lO~^^Ci /m3 
2 . 6 x l O " l ^ C i / m 3 

OIL SO2 (1 .5% S) 
NOj 
CO 
Hydrocarbons 
Particulates 
(97.5% Removal) 
226Ra 
228xh 

0.03 ppm 
0.05 ppm 
9.0 ppm* 
0.24 ppm** 

75 [ig/m̂  

2xl0~12cĵ /jj,3 

2xl0-13ci/m3 

1.23xl08lb. 
5.42xl0jlb. 
2.08xl0^1b. 
1.17xl06lb. 

5 . 8 8 x l 0 ^ 1 b . 

6,OxlO"'^Ci 
1 . 3 x l 0 - 3 c i 

6 . 9 5 x l 0 5 
2 .45x10^ 
0 . 9 5 
4 , 7 2 0 

35,400 

0 . 3 
6 . 7 

0 . 0 7 ppm 
0 . 0 4 ppm 
2.61x10" '^ ppm 
0 . 0 0 4 ppm 

3 
8 .4 lig/m 

1.5xlO"18pCi/m^ 
3,2xlO-lSci/m3 

GAS 

NUCLEAR 

SO2 
NO2 
Particulates 
(97.5% Removal) 

S^Kr & 133xe 
Short-lived ra
dioactive gases 

(Inhalation) 
131i 

(Air-Grass-Milk) 

3xlO'^Ci/m^ 

2.78xlO'*lb. 157 0.03 ppm 
0.05 ppm 

75 ng/m 

3x10"''ci/m-̂  9,650 Ci 

2.71xl07lb. 

1.04xl0^1b. 

1.23x10^ 

5,290 

33,2 PWR 

1.0x10 

1.4x10 

-10„ 

-13„ 

2 Ci 
3 Ci 
2 Ci 
3 Ci 

2.0 PWR 
53.0 BWR 
1,430 PWR 
37,800 BWR 

1.5xl0"5 ppm 
0.02 ppm 

1.5 Hg/m^ 

2,3xlO"^lci/m^ 

1.66xlO°Ci 5.54xlO^BWR 4.0x10 •9 Ci/m3 

4 . 2 x l 0 - J - 6 c i / m 3 
l^Ci /m3 1.3x10 

4 
1 

2xl0"^^Ci/m3 

3xlO"l^Ci/m^ 

* Yearly average not specified. Maximum 8-hour concentration, once per year. 
Maximum 3-hour concentration (6-9 A.M.) once per year. 

*** "Concentration factor" of 700 applied to inhalation standard for •'••̂ •̂ I. 

(A) EPA "National Primary and Secondary Air Standards", (Federal Register, 
Vol. 36 No. 84, Part II, pp. 8186-87, 4/30/71), and AEC "Standards for 
Protection Against Radiation", 10CFR20. 

(B) Discharges from PWR and BWR are derived from weighted average 1967-1972 
release data as summarized by the Directorate of Regulatory Operations, 
USAEC. 

(C) Based on average X/Q at 500 m (for release height of 100 m) of 6.2xl0" 
sec/m , for 25 operational or proposed nuclear power stations (Table 
7.10, Ref. 15). 
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If the EPA's Air Quality Standards are given the same weights that the 
AEC's radiation protection standards have been, then the significant contribu
tion of nuclear fueled plants to limiting overall air pollution (or at least 
minimizing its increase) is obvious. This is especially so relative to coal 
and oil-fired power plants. 

It is of interest to examine the consequences, were the air quality stand
ards applied to a hypothetical individual at the "fence post" at the boundary 
of conventional fueled plants, as is the practice for nuclear power reactors. 
The results of such a calculation of average concentrations of conventional 
pollutants and of radioactivity at 500 meters distance from a 100 meter stack 
of the "reference" 1,000 MW(e) base load plants, are also indicated in Table V. 
Unless limited to low sulfur fuels, the reference coal and oil fueled plants 
would exceed the SO2 concentration standard. All conventionally fueled plants 
would approach the NO2 concentration standard. The reference BWR would ap
proach the gaseous effluent and 131j radiation concentration standards. How
ever, it should be noted in this connection that the current design provision 
of catalytic recombiners, which reduce the volume of the BWR off-gas, thereby 
permitting longer holdup and/or charcoal filtration prior to stack discharge, 
should materially reduce both of these components of their airborne effluent 
releases. 

The foregoing comparisons admittedly omit the airborne effluent releases 
from fuel reprocessing plants. However, it appears that these will continue to 
be located at a relatively few sites more remote from surrounding populations 
than most future nuclear power reactor sites. If so, the "local" effects of 
their effluent releases appear less important on an integrated population ex
posure basis than those from nuclear power plants. 

Data for similar comparisons of conventional radioactivity and pollutants 
in liquid effluents is not available. However, studies(19,20,21) to date in 
the vicinity of several nuclear power reactors suggest that their radioactive 
liquid effluents have been dosimetrically insignificant. Comparable studies 
of the degree of pollution of streams and ground water by releases peculiar to 
fossil-fueled plants have not appeared in the literature, so it also appears 
to be minimal. 
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ENVIRONMENTAL TRITIUM AND THE DOSE TO MAN 

Burton G. Bennett 

Health and Safety Laboratory 
U. S. Atomic Energy Commission 

New York, New York 10014 

Abstract 

The dose to man from acute or chronic intake of ttitlated water*has been determined 
using a three compartment model to describe the retention of tritium in loose water and 
in bound organic form in the body. The retention times determined from occupational 
exposure cases are reviewed. The total tissue dose, using, representative retention 
half-times for the three components of 9, 30, and 450 days, is 84 mrad per 1 mCi intake 
by standard man, 847. of which is due to tritium in body water and 167o to bound tritium 
in tissue. The record of environmental tritium concentrations in surface waters has 
been compiled. Maximum levels caused by weapons testing occurred in 1963-64. Subse
quent decrease is exponential with a half-time of 3.2 years. By relating environmental 
tritium levels to daily intake by man and applying the dose model, the dose commitment 
of 1.5 mrad from fallout tritium was determined. 

Introduction 

Tritium is produced naturally by cosmic ray interactions in the atmosphere. Super
imposed on the natural tritium background are varying amounts of man-made tritium. 
Nuclear weapons testing activity introduced substantial amounts of tritium into the 
environment, although the levels of fallout tritium are currently declining. The 
expanding nuclear power industry is expected to cause increasing amounts of tritium to 
be released. These continual additions of man-made tritium to the environment are 
cause for repeated monitoring of environmental levels of tritium and for re-evaluation 
of the dose consequences. 

In this study a detailed tritium dose model is presented which allows one to 
determine accurately the contribution to tissue dose from tritium in loose water in 
tissue and from tritium combined in tissue following acute and chronic intakes. The 
experience from occupational exposure cases is reviewed to indicate the average half-
times of the retention components. A record of tritium concentrations In environmental 
surface water is compiled. By relating these levels to the daily tritium intake by man 
and applying the dose model, the dose commitment from weapons-produced tritium has been 
computed. 

Tritium Retention in Man 

The experience from observations of human cases of accidental tritium exposure is 
summarized in Table 1. The initial rate of elimination of tritium from the body is 
exponential with a half-time ranging from 4 to 18 days.-'-"" Identification of additional 
retention components is limited to the few cases reported with intakes large enough to 
allow relatively long-term monitoring of tritium excretion. In the 415 day observation 
of a case, Sanders and Reinig" identified three retention components of half-times 6.1, 
23, and 344 days. The first component can be associated with retention of free water in 
the body and the other two components with bound tritium in tissue. It should be noted, 
that a diuretic was administered in this case from the 3rd to 35th day following the 
exposure, which undoubtedly increased the turnover rate of body water. 
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TABLE 1 

TRITIUM RETENTION HALF-TIMES IN MAN 

Year 

1951 
1957 
1960 
1962 
1963 
1965 
1966 
1958 
1968 
1969 
1971 
1972 

Investigator 

Pinson, Andersonl.2 
Fallot et al.3 
Foy, Schnleden* 
Richmond et al.5 
Wylle et al.'^ 
Butler, Leroy"' 
OsborneS 
Snyder et al.lO 
Sanders, Reinig9 
Minderl3 
Lambert et al.l2 
MoghlssiW 

Cases 
Studied 

9 
20 
10 
5 
7 

310 
30 
1 
1 
1 
1 
3 

Notes 

range 9.3-13 
range 5-11 
high ambient temp. 

range 6-12 
range 4-18 
range 6.4-14.4 

diuretic used 

Reasonable Range: 

Assumed Average: 

Tl 

11.3 
8 
7 
9 
8 
9 
10 
8 
6 

5 
5 
5 
5 
5 
5 
7 
1 

9.1 

8.5-11 

9 

T2 

34 
23 
10-30 
36 
21-26 

20-35 

30 

T3 

344 
139-230 

280-550 

200-550 

450 

1 0 
Synder et al. studied another case for 255 days and identified two retention 

components of half-times 8.7 and 34 days. No particular treatment procedure was applied 
to this individual following exposure. Further analysis of this data has shown that 
the data are not inconsistent with a fit by three components of half-times 8.7, 30, 
and 550 days.-'••'-

12 
Another case was recently reported by Lambert, Sharpe, and Dawson. Retention 

half-times of 9.1 and 36 days are very similar to the results reported by Snyder et al. 
The observation period, 161 days, is not quite long enough to allow a definitive fit 
with three retention components. 

Approximate long-term retention components have been inferred from a few additional 
studies of occupational exposures. •'•̂ '̂ ^ The differences in retention times in the cases 
reported allude to the variability which can be anticipated due to differences in metab
olism, age, water intake, ambient temperature and treatment procedures. Reasonable 
ranges of the retention components have been indicated in Table 1. Approximate average 
retention half-times of 9, 30, and 450 days have been assumed for the model calculations 

Tritium Dose Model 

Acute Intake 

The dose to tissue following an acute intake of tritium arises from tritium in body 
water and from bound tritium in tissue. In computing the dose to tissue, the combined 
tritium in tissue is often neglected, it being regarded as an insignificant contributor 
to the total dose. Alternatively, the dose to body water (or a tissue with 1007. water) 
is computed, this dose being a conservative estimate of the total tissue dose.-'--' Since 
the tissue dose is more a measure of the hazard than the water dose, it is useful to 
determine accurately the dose to tissue. 

A three compartment model is necessary to reflect the three retention components 
that have been identified. Sanders and Reinig^ suggested the model represented by the 
diagram in Figure 1. A is the body water compartment, and B and C are bound hydrogen 
(tritium) compartments. The transfer coefficients represents constant fractional 
exchange rates of the compartment hydrogen (tritium) contents. 

Figure 1. Three compartment model of tritium in the body. 

A Markov chain calculation is used to determine the tritium concentrations in the 
three separate compartments at various times after intake. The fraction of assimilated 
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tritium in each compartment, f̂ ., IBJ fc> ^^e computed for as many iterations as may be 
required (each iteration representing one day). In analyzing the occupational exposure 
cases, combinations of exchange and elimination rates were selected so that close agree
ment was obtained with the measured fractional assimilated tritium in the body water.̂ »'-'-
For other calculations the transfer coefficients correspond to assumed retention half-
times and compartment sizes. 

The cumulative dose to tissue from an acute intake of HTO is computed from this 
model as follows: 

Dose (wet tissue) «= .75 q^f^dt + .25 (̂ B̂ ' 
0 

The first term is the dose to tissue due to tritium in loose water within tissue. The 
second term is the contribution to tissue dose from tritium combined in tissue. Wet 
tissue is assumed to consist of 757„ water and 257. tissue solids. A 70 kg man contains 
an average 42 kg water and an estimated 10 kg active tissue solids (70 kg - 42 kg water -
13 kg fat - 5 kg mineral bone) .-'•" The specific activities of tritium in the free water 
and bound compartments following an intake, I (mCi), are q^ = 1/42 mCi/kg and qg c = I/IO 
mCi/kg times the fractional amount of the intake in these compartments, f^, fg and fQ, 
respectively. The relationship .29 mrad per mCi day/kg is used to convert the units. 

A Calculation based on average retention half-times of 9, 30, and 450 days results 
in an estimated total tissue dose of 84 mrad per mCi intake. This dose is due 847o 
to tritium in water within the tissue and 167. to combined tritium in tissue. Fifty 
percent of the total tissue dose is delivered within 11 days, and 907. of the dose is 
delivered within 200 days. The bound hydrogen compartment sizes were inferred to be 
120 g for B and 600 g for C, consistent with the total amount of tissue solids (10 kg) 
consisting of ~77<, hydrogen. A maximum of 0.77o of the tritium intake becomes combined, 
this maximum being reached in about 20 days. The rapidly declining concentration of 
tritium in the body water allows only relatively small amounts of the intake to become 
combined. The bound tritium in tissue is, thus, not the major contributor to the total 
dose to tissue following a single intake of HTO, but its contribution (16%) is not 
insignificant. 

In additional model calculations with the first component half-time T^ varying from 
6 to 12 days with 30 and 450 day combined components, an empirical relationship is 
obtained. 

Tissue Dose = 9 T-|+3 mrad per mCi intake 

The relationship reflects a direct dependence of the amounts of bound tritium on the 
amount of tritium in the source reservoir, the body water compartment. For the assumed 
compartment sizes and within reasonable variation of transfer rates from the bound com
partments, the second and third component half-times are not required in this relation
ship. The formula should be generally useful in providing an approximate estimate of 
the tissue dose following observation of the initial removal rate. 

Intake of tritium other than in the form HTO may require special consideration. 
Bound tritium compounds in food may be more directly assimilated into bound compounds 
in tissue. Further study will be required to give the significance of the form of the 
tritium intake. 

Chronic Intake 

The model can be used for chronic intake situations by computing the compartment 
contents on a daily basis. For chronic intake of l|J,Ci/£, the equilibrium dose rate to 
active wet tissue is 95 mrad/yr. The dose to body water is 

.„, mCi ,, „„ rad/d ,,. d ,., mrad 
.001 ,— X .29 -TTTT- X 365 — = 106 — — 

kg mCi/kg yr yr 

The dose to tissue containing 757, water is 106 x . 75 = 80 mrad/yr, neglecting the dose 
due to tritium combined in tissue solids. The dose to active tissue is thus 1.2 times 
the dose due to HTO in tissue. 

The dose model assumes that the tritium becomes uniformly combined in actively 
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metabolizing tissue and that all of the hydrogen of active tissue solids is exchangeable. 
These assumptions lead to conservative estimates of the dose. 

In the model calculations, a water balance of 3.08 i/d has been assumed, based on 
the 42 kg body water compartment size and transfer coefficients corresponding to the 9, 
30, and 450 day retention half-times. For an HTO intake of 1 mCi/d, the equilibrium 
specific activity is 

, r kg HTO 1 kg H 1 
1 mCi/a -f I 3.08 — - ^ X ~ = 2.92 mCi/kg H 

'- d 9 kg H20-̂  

The t r i t i u m c o n t e n t of each compartment a t e q u i l i b r i u m ( t h e hyd rogen co i i t en t t i m e s t h e 
s p e c i f i c a c t i v i t y ) i s 1 3 . 6 , . 3 5 , and 1.75 mCi f o r A, B, and C, r e s p e c t i v e l y . R a d i o a c t i v e 
decay a l l o w s t h e l ong h a l f - t i m e compar tment , C, t o r e a c h o n l y ab o u t 907. of t h e i n t a k e 
s p e c i f i c a c t i v i t y . The e q u i l i b r i u m dose r a t e t o wet t i s s u e i s 

13.6 mCl .75 kg H2O .29 rarad/d mrad 

"'̂  42 kg H2O ^ kg wet t i s s u e ^ mCl/kg d 

.35 mCi .25 kg so l ids .29 mrad/d „ , mrad 
" X -—-r, = 2.5 

10 kg s o l i d s kg wet t i s s u e mCi/kg d 

1.75 mCl X .90 ^ .25 kg so l ids ^ .29 mrad/d , , , mrad 
C ^ - ' ' X • = 1 i . H 

10 kg solids kg wet tissue mCi/kg a 

Total: 84H2d 
d 

As expected, the dose commitment following a single Intake (84 mrad per mCl Intake) 
becomes the equilibrium dose rate for chronic Intake (84 mrad/d per 1 mCi/d intake). 

Fallout Tritium 

Levels in Surface Waters 

Tritium is produced by fusion bombs and also by neutrons released during fission 
bomb explosions and in small amounts by the fission process Itself. The amount of bomb-
produced tritium is uncertain. Eriksson estimated that 1900 MCl were produced from 1952 
through 1962.-'-' This compares with natural tritium production of around 2 to 6 MCi/yr. 
Additional amounts of tritium have been released into the atmosphere by French and 
Chinese weapons testing conducted since 1964, but the total is a small fraction of that 
released during the earlier testing period. 

The effect of weapons-produced tritium on concentrations of tritium in the environ
ment, in drinking water, food and In man has not been monitored in great detail. Data 
from the U. S. Geological Survey's program of analyzing river water for tritium content 
provides the most useful data for ascertaining the tritium levels in environmental waters 
in the U. S. The data for 1961-68 for 20 streams throughout the U. S. have been 
published. •'-° Preliminary data for 15 rivers for 1969-70 have also been obtained.^ 
Tritium data from the earlier testing period, 1952-61, are not nearly as complete. 
Measurements of Mississippi River water for 1954-572"'21 and of Rio Grande River water 
for 1957-5822 have been included, and comparisons were made with Ottawa River data'̂ -' 
in arriving at representative average tritium levels. '̂  

Figure 2 shows the average U. S. data. The concentration of tritium in environ
mental waters reflects the weapons testing activity. Sharp increases are indicated 
following the testing series in 1954, 1956 and 1958. The very active test period in 
late 1961 and 1962 caused the peak concentrations in U. S. rivers In 1963-64. The 
declines in concentration during the 1959-60 moratorium and after the 1963 Test Ban 
Treaty are evldenc. Recent high yield tests in the Northern Hemisphere by the Chinese 
may be responsible for the relatively higher tritium levels measured in 1969-70 as 
compared to the previously declining values. 

The average D. S. river tritium concentrations declined with a half-time of 3.2 
years from 1963 until 1969 and 5.0 years during 1969 and 1970. lap water analyzed at 
the Health and Safety Laboratory in New York City reflecting the lower Hudson Valley 
watershed area, showed somewhat lower tritium concentrations than the U. S. average in 
1970. More recent tap water samples would Indicate that the U. S. average beyond 1970 
resumes the 3.2 year half-time decline. The absence of high yield atmospheric tests in 
the Northern Hemisphere in the past two years would also support this assumption. 
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Figure 2. Environmental tritium in surface waters. 

tions in tritium levels in environ-
tritlum intake by man or the levels 
rmlned. The data of Bogen^S show 
ritlum levels of drinking water 
tion water of food (2050 pCi/;8)j and 
intake by man can be assumed to be 
water vapor is conipuLed -to be .13 
The food water intake, based on 

et, was found to be 1.26 £/d loose 
concentration of the total tritium 

Tritium Intake 

If a relationship can be found between the varia 
mental waters and the variations in the amounts of 
of tritium in the body, the dose to man can be dete 
the relationship for New York in 1970 between the t 
(530 pCi/X) , loose water in food (860 pCl/£), oxida 
water vapor in air (930 pCi/£). The drinking water 
1.4 Jl/d. Intake by inhalation and transpiration of 
ild, based on average air temperature and humidity, 
analysis of food items of a standard consumption di 
water and .29 ilA oxidation water.^-' The effective 
Intake is thus; 

(1.4 X 530 + .13 X 930 + 1.26 X 860 + .29 X 2050) ^ 3.08 = 825 pCl/f 

These data indicate that, currently, one should assume somewhat higher concentrations 
of tritium intake than indicated by the tritium concentration in drinking water. During 
the earlier fallout period, when environmental levels of tritium were increasing, the 
tritium concentrations in water were probably higher than in food. Since specific data 
are lacking, it is probably most reasonable to assume that the tritium levels in surface 
waters reflect directly the tritium Intake by man. 

The Dose Commitment 

The average natural concentration of tritium in environmental waters (16 pCi/jJ) 
results in a dose to man of 1.5 yrad/yr, based on the three compartment dose model. 
The dose commitment to man from weapons-produced tritium is the dose due to the in
creases in tritium intake concentrations above the natural level. Extrapolation of the 
increased levels beyond 1972 is necessary to account for the exposure which is yet to 
be experienced. Assuming a 3.2 year half-time for weapons-produced tritium in the 
environment beyond 1970, a return to the natural background tritium level occurs in 
1987. 

The tritium intake is assumed to be 3.08 jZ/d times the effective tritium intake 
concentration (the average tritium concentration in surface waters). The dose model 
is used to determine the bound and loose tritium compartment contents and the dose for 
the entire period that the tritium levels are above the natural background. The dose 
commitment thus determined is 1.5 mrad. Details of the calculation are shown in Table 
2. The highest annual dose due to weapons-produced tritium was .21 mrad in 1963 and 
1964. The calculation assumes no further atmospheric weapons testing and takes no 
account of future tritium releases from nuclear laclllties. 

The ratios of specific activities (jiCi H per kg hydrogen) of the organic bound and 
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loose water tritium in the body, determined from this computation, are included in Table 
2. The ratio would be 1.0 under natural conditions, except that radioactive decay does 
not allow complete equilibrium in the bound compartment with the slowest turnover time. 
As the concentrations of tritium intake increase, labeling of the bound components lag 
with respect to the specific activity of the loose water compartment. The bound-loose 
ratio is then less than one. During times of decreasing tritium intake, the bound 
tritium label is retained longer than the activity in body water, and the bound-loose 
tritium ratio becomes greater than one. The ratio is currently about 1.3 in man, 
according to this computation, which is not unlike the ratios actually being measured 
in human tissue.^ 

Other Estimates of the Dose Commitment 

Indirect estimates of the dose commitment can be made by comparing the total amounts 
of weapons-produced tritium with the natural production rate, as is done by the United 
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).2' The un
certainties involved, however, affect the accuracy of these estimates. 

Most of the weapons-produced tritium, an estimated 1900 MCi, was introduced into the 
Northern Hemisphere. The stratospheric residence time of tritium (~1 yr) does not allow 
inter-hemispheric mixing to be an important factor. Ten percent may be a reasonable 
approximation for stratospheric tritium carried to the Southern Hemisphere.2° The dose 
commitment for the Northern Hemisphere is consistent with the above direct computation 
if the natural production rate is taken as 3.4 MCi/yr (1.7 MCi/yr in each hemisphere). 
The natural background tritium dose to man is .0015 mrad/yr. 

1900 MCl X.90 
.0015 mrad/yr X = 1.5 mrad 

1.7 MCi/yr 

UNSCEAR computed a range of possible dose commitments for the Northern Hemisphere, 
based on various assumptions of the natural tritium background and inter-hemispheric 
mixing of stratospheric weapons tritium. A conservative estimate for the Northern 
Hemisphere fallout tritium dose commitment of 4 mrad was obtained.^' 

Tritium released from nuclear power facilities are as yet insignificant, compared 
to the amounts of weapons-produced tritium. It will be desirable, however, to continue 
to measure the environmental tritium levels and to ascertain the contribution from 
nuclear power activities. With use of the dose model presented here, the dose commitment 
from future activities involving release of tritium to the environment can be determined. 
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RISQUE IND[VIDUEL,DOMMAGECOLLECTIF,ET CENfTRALES NUCLEAIRES 
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Comite de radioprotection, E D F 

Par is , France 

A b s t r a c t _ - The a u t h o r s p e c i f i e s the way tha t l e a d s f r o m an ind iv idua l r i s k 
to the t h e o r e t i c a l c o l l e c t i v e d a m a g e in the m a t t e r of i r r a d i a t i o n by n u c l e a r 
p o w e r p l a n t s ; in so doing he e n d e a v o u r s to show p e o p l e ' s r e a c t i o n s t o w a r d s 
n u c l e a r p o w e r p l an t s can be a l t e r e d and on the o t h e r hand s e t f r e e f r o m any 
e m o t i o n a l l o a d s . F i n a l l y he s t a t e s the n e c e s s i t y of defining ou r concep t s 
p r e c i s e l y and of giving t h e m d e n o m i n a t i o n s tha t c a u s e no a n x i e t y . 

1 - I n t roduc t i on 

L e s t e r m e s " r i s q u e " et " d o m m a g e " fo isonnent dans la l i t t e r a t u r e 
qui t r a i t e de r a d i o p r o t e c t i o n . De n o m b r e u x a u t e u r s l e s e m p l o i e n t indi f fe-
r e m m e n t ; c e r t a i n s vont m g m e j u s q u ' a d e s i g n e r p a r r i s q u e , ou p a r d o m m a g e , 
l e s effets d i f fe res de I ' i r r a d i a t i o n , . . ou I ' i r r a d i a t i o n e l l e - m g m e . 

La p e r Sonne (phys ique ou m o r a l e ) qui c r e e un r i s q u e doi t — s a n s c o n -
t e x t e ~ r e p a r a t i o n du d o m m a g e , s ' i l s ' e n p r o d u i t . E n ce qui c o n c e r n e l e s 
c e n t r a l e s n u c l e a i r e s le r i s q u e p r o v i e n d r a i t , s i I 'on n*y p r e n a i t g a r d e , d e s 
r a y o n n e m e n t s i o n i s a n t s . Le d o m m a g e s ' e x p r i n a e r a i t , p a r e x e m p l e , en c a n 
c e r s , en " m o r t s g e n e t i q u e s " . E n m a t i e r e de r e p a r a t i o n , on r e c h e r c h e r a i t 
un l i en de c a u s a l i t e e n t r e le r i s q u e c r e e e t le d o m m a g e i n c r i m i n e , ca s p a r 
c a s , e t a p o s t e r i o r i . 

E n 1955, a G e n e v e , au c o u r s de la con fe r ence o r g a n i s e e p a r I ' O N U 
s u r l e s u t i l i s a t i o n s pac i f iques de I ' e n e r g i e n u c l e a i r e , le monde i n d u s t r i e l et 
s c i en t i f ique a c r u ~ s a n s doute un peu p r e n a a t u r e m e n t — que ce t te f o r m e 
d ' e n e r g i e a l l a i t v i te p r e n d r e le pas s u r l e s a u t r e s f o r m e s , g rSce aux c e n 
t r a l e s n u c l e a i r e s . 

L ' h y g i e n i s t e , j u sque l a , o b s e r v a i t r e v o l u t i o n de I ' e t a t s a n i t a i r e de la 
popu la t ion s o u m i s e a une po l lu t ion i n d u s t r i e l l e c r o i s s a n t e ; i l s u i v a i t l e s r e -
s u l t a t s des r e c h e r c h e s a c c o m p l i e s en vue de l i m i t e r ce t t e po l lu t ion ; au besoin, 
i l e n g a g e a i t le l e g i s l a t e u r a p r e s c r i r e d e s m e s u r e s de p r e c a u t i o n . L ' u n e t 
I ' a u t r e se r e s i g n a i e n t : I ' a m e l i o r a t i o n du n iveau de v ie e t , p a r t a n t , du b i e n -
e t r e et de I ' e t a t s a n i t a i r e , due a u d e v e l o p p e m e n t i n d u s t r i e l , p e r m e t t a i t de 
t o l e r e r des i n c o n v e n i e n t s j uges r a i s o n n a b l e m e n t s u p p o r t a b l e s . C o n n a i s s a n t l e s 
d a n g e r s d e s r a y o n n e m e n t s i o n i s a n t s e t , p a r t a n t , d 'un d e v e l o p p e m e n t a n a r c h i -
que de I ' i n d u s t r i e n u c l e a i r e , sous le c o u v e r t et sous I ' a u t o r i t e de la c o m m i s 
s i o n I n t e r n a t i o n a l e de r a d i o p r o t e c t i o n ( C I R P ) , i l a e m i s d e s r e c o m m a n d a -
t i o n s su ivan t l e s q u e l l e s le l e g i s l a t e u r a , p r e v e n t i v e m e n t , l i m i t e I ' i r r a d i a 
t i o n d e s p e r s o n n e s a un n i v e a u juge t r e s p r u d e n t . P a r l a s u i t e , n ' i g n o r a n t p a s 
I ' i m p o r t a n c e des d e c i s i o n s p r i s e s , i l a vou lu p r e v o i r q u e l l e s p o u r r a i e n t S t r e 
l e s c o n s e q u e n c e s l o i n t a i n e s de ce t t e i r r a d i a t i o n . Ses p r e v i s i o n s , q u ' i l juge 
a d m i s s i b l e s , a l a r m e n t le p r o f a n e . 
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Dans ce t e x t e , de longueur l i m i t e e , d e s t i n e a s o u l i g n e r la n e c e s s i t e 
de de f in i t ions , je m e b o r n e r a i a r e p r e n d r e des not ions r e c e m m e n t e x p o s e e s 
a i l l e u r s ~ . J e v a i s s e u l e m e n t r a p p e l e r c o m m e n t , pour a s s e o i r s e s p r e v i 
s i o n s , I 'h-ygieniste e s t p a s s e de la no t ion de r i s q u e ind iv idue l a ce l le de d o m 
m a g e col lec t i f ; ce f a i s a n t , je m e t t r a i en r e l i e f la n a t u r e toute t h e o r i q u e du 
r i s q u e qui s e r f de b a s e au c a l c u l de ce d o m m a g e , a i n s i que la n e c e s s i t e 
d ' e v i t e r l e s d e n o m i n a t i o n s qu i , s a n s r a i s o n , donnent p r i s e a I ' a n g o i s s e . 

2 - R i s q u e ind iv idue l 

P r e a l a b l e m e n t , je p r o p o s e r a i une def in i t ion du r i s q u e ind iv idue l . La 
r e c h e r c h e de son e x p r e s s i o n quan t i t a t i ve se h e u r t e a d ' i n n o m b r a b l e s diff i-
cu l t e s : I 'h-ygieniste a adopte une r e l a t i o n s i m p l i f i e e , d 'ou decoule un r i s q u e 
b i en p a r t i c u l i e r . J ' a i p r o p o s e de I ' a p p e l e r : " r i s q u e ind iv idue l t h e o r i q u e " , 
pou r b ien e v i t e r de la confondre a v e c le p r e c e d e n t . D i v e r s e s d e n o m i n a t i o n s 
u t i l i s e e s , dont je d o n n e r a i que lques e x e m p l e s , ne sont pas s a n s ambigui ' t e . 
2 . 1 - Def ini t ion 

D 'une fa§on g e n e r a l e , on peu t def in i r un r i s q u e ind iv idue l p a r la p r o -
b a b i l i t e , pour une p e r s o n n e p l a c e e d a n s d e s c i r c o n s t a n c e s p a r t i c u l i e r e s , de 
s u b i r un p r e j u d i c e du fai t de c e s c i r c o n s t a n c e s , 

I c i , l e s " c i r c o n s t a n c e s p a r t i c u l i e r e s " son t dues a I ' i r r a d i a t i o n a joutee 
p a r I ' i n d u s t r i e n u c l e a i r e , Le p r e j u d i c e se t r a d u i r a i t p a r des d o m m a g e s co rpo-
r e l s o b s e r v a b l e s s u r c e r t a i n e s des p e r s o n n e s i r r a d i e e s (effets s o m a t i q u e s 
d i f f e r e s ) ou s e u l e m e n t s u r l e u r d e s c e n d a n c e (effets g e n e t i q u e s ) . 
2 . 2 - R e c h e r c h e d 'une r e l a t i o n quan t i t a t i ve 

L e s af fec t ions s u s c e p t i b l e s de r e s u l t e r de I ' i r r a d i a t i o n ne lui e tan t 
p a s s p e c i f i q u e s , un r a p p o r t de c a u s a l i t e e n t r e r i s q u e ind iv idue l et i r r a d i a 
t ion ne peut e t r e e t ab l i que s t a t i s t i q u e m e n t : on conapare des g r o u p e s d ' i n -
d iv idus i d e n t i q u e s , sauf pour ce qui c o n c e r n e c e l l e - c i . Dans chacun de c e s 
g r o u p e s on d e t e r m i n e la p r o p o r t i o n des p e r s o n n e s a t t e i n t e s d 'une affect ion 
d e t e r m i n e e ; so i t p s a v a l e u r dans un g roupe qui a e te i r r a d i e , et -^ s a 
v a l e u r dans le g roupe t e m o i n , non i r r a d i e . La d i f fe rence (p - Pg ) e s t fonc-
t ion : du debi t d ' e q u i v a l e n t de dose (d) ,de I ' equ iva l en t de dose (D), du c h a m p 
d ' i r r a d i a t i o n (f). La f o r m e de la fonct ion depend en o u t r e de I 'af fect ion con-
s i d e r e e ( c a n c e r , c a u s e de m o r t p r e m a t u r e e , p a r e x e m p l e ) de la popula t ion 
(Sge, s e x e , m o d e de v i e , e t c . . . ) ; e l l e depend a u s s i des condi t ions d ' o b s e r -
v a t i o n , l aque l l e debute a u t e m p s X a p r e s le debut de I ' i r r a d i a t i o n ( su ivant la 
v a l e u r de X , e l l e peut p o r t e r s u r l a popula t ion e l l e - m e m e , s u r sa p r o g e n i -
t u r e , ou s u r s a d e s c e n d a n c e lo in ta ine ) e t se p ro longe un t e m p s t . 

A condi t ion d ' e t r e connus a v a n t I ' i r r a d i a t i o n , ayan t e te d e t e r m i n e s 
s u r des g r o u p e s s e m b l a b l e s d 'effect i f suf f i san t , p et j ^ — et a u s s i l e u r dif
f e r e n c e •— peuven t e t r e a s s i m i l e s a d e s p r o b a b i l i t e s . P o u r en s i m p l i f i e r 
la d e t e r m i n a t i o n , le c h e r c h e u r fixe l e s ' c a r a c t e r i s t i q u e s de I ' i r r a d i a t i o n 
(d, D et f), i l a r r e t e l e s cond i t ions d ' o b s e r v a t i o n (T et t ) , i l p r e c i s e l e s 
c a r a c t e r i s t i q u e s de la popu la t ion o b s e r v e e , enf in , i l cho i s i t I 'affect ion dont 
i l r e c h e r c h e r a le d i a g n o s t i c . E n i r r a d i a n t p l u s i e u r s g r o u p e s , donnant a D 
au tan t de v a l e u r s q u ' i l le juge u t i l e , i l peu t , du m o i n s en p r i n c i p e , pour un 
ind iv idu s e m b l a b l e a ceux qui c o n s t i t u e n t l e s g r o u p e s e t pour I 'affect ion 
c o n s i d e r e e , t r a d u i r e la v a r i a t i o n du r a p p o r t de c a u s a l i t e g r a p h i q u e m e n t , et 
m e m e m a t h e m a t i q u e m e n t , p a r une a p p r o c h e s t a t i s t i q u e , a v e c une r e l a t i o n 
de la f o r m e : ( p - p „ ) = ¥ ( D ) . ^ ( 1 )^ 

G e n e r a l e m e n t t r o u v e e pos i t i ve p o u r des v a l e u r s de D t r e s e l e v e e s , 
la p r o b a b i l i t e (p - Pg) peu t , l o r s q u e D d iminue : au m i e u x , s ' a n n u l e r en 
c h a n g e a n t de s i g n e , au p i r e , ne p lus d i f f e r e r s t a t i s t i q u e m e n t de z e r o . Ce t t e 
d e r n i e r e even tua l i t e (due , so i t a ce que I ' i r r a d i a t i o n n ' a p r odu i t aucun effet 
t r a d u i t p a r I ' a f fec t ion r e c h e r c h e e , so i t a ce que l e s effect ifs des g roupes 
e t a i e n t in su f f i san t s ) l a i s s e le c h e r c h e u r , e t , p a r t a n t , l ' h y g i e n i s t e , dans 
1 ' i nce r t i t ude . 
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Comme de fortes i r radia t ions peuvent provoquer des affections nom-
breuses et comme, pour chaque affection, (p - p„ ), fonction de D, depend 
de nombreux p a r a m e t r e s , pragmat ique, la C I R P ' a adopte la forme de 
relat ion quantitative la plus s imple . 

2.3 - La relat ion simplifiee adoptee 

La C I R P a fait I 'hypothese que, pour toute affection que peut provo
quer I ' i r radia t ion, la probabilite d'induction, independante de d , es t p ro -
portionnelle a D . Si k represen te la constante de proportionnali te, on peu1 
e c r i r e , pour I'affection consideree : 

( p - p ^ ) = k D . (2) 

La valeur numerique de (p ~ p ) etant obtenue a par t i r de valeurs 
elevees de d et de D, i l me parai t important , dans le domaine des faibles 
doses , d ' ec r i r e : 

(«-«o) = XD , (3) 
pour bien marque r , par des l e t t res differentes, I 'hypothese de la validite de 
la substitution de )( a k. Comme (p - |x ) , la valeur calculee ( Jt -Jt ) es t aussi 
denommee "probabi l i te" . Voyons de plus p r e s . 

2.4 - Denomination proposee : r isque individuel theorique 

Dans I 'express ion (2) c i -dessus , la difference (p - Pg ) ne peut qu 'e t re 
positive : cette variat ion de probabilite es t done un r i sque , 
un r isque supplementa i re . On ass imi le (jt-rtg) au r isque individuel ajoute 
par toute i r radia t ion de D r e m s . Pour bien marque r que, dans le domaine 
des va leurs faibles de D, (n-jt ) ne correspond a aucune observation ou 
experimentat ion, je I 'ai appele : r isque individuel theorique ( R I T ) , 

En prat ique, I 'observation porte sur des groupes d'individus qui dif
ferent , ma is que I'on r ec ru te au hasa rd dans la population : la valeur 
(p - PQ) q^i sn decoule est une probabilite individuelle moyenne, done 
(rc-jt ) est un R I T moyen. 

Les previs ions ne valent que pour une population semblable a la popu
lation d'origine des groupes , que pour I'affection consideree , que pour les 
m e m e s conditions d 'observat ion. Le R I T . e s t evalue, le plus souvent, soit 
pour la vie en t ie re , soit en moyenne annuelle. 

La constante X®^* done le R I T moyen supplementaire de contracter 
I'affection consideree , par r e m , soit pour la vie en t ie re , soit ramene a 
I 'annee. Sa valeur es t determinee pour chacune des affections susceptibles 
d 'e t re mises en cause (par effet somatique, par effet genetique). 

Jusqu ' ic i , chacun pour ses besoins forge des denominations pa r t i 
cu l ie res , cela ne va pas sans inconvenients pour in t e rp re te r les va leurs 
obtenues. 

2 . 5 - Quelques denominations usi tees 

On trouve des definitions epa r ses dans le rappor t de 1964 du comite 
scientifique de I'O NU^ (UNSCEAR) et dans la publication 8 de la C I R P ^ . 
Le numera teur de la constante)(, non explici tee, est appelee le "r isque 
es t ime" , par r em (ou par rad) , par mill ion de personnes , soit pour la vie 
en t ie re , soit par an. En 1972 1'UNSCEAR^ I'appelle "coefficient de r e g r e s 
sion", ce qui a I 'avantage d'en mont re r la na tu re . 

o 

Dolphin et Marley donnent une express ion que je peux t r adu i re , avec 
mes notations : 

v = x N D , (4) 
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ou ( J t - % ) = V / N , l i s a p p e l l e n t xN le "coef f ic ien t de r i s q u e " qui , d i s e n t - i l s , 
e s t / e x p r i m e h a b i t u e l l e m e n t en nomibre de c a s (pour I 'a f fec t ion c o n s i d e r e e ) 
p a t m i l l i o n d ' h o m m e r a d s (ND = 10^ ), pour la vie e n t i e r e . 

Enf in , a l o r s que la C I R P ^ d e f i n i t le " r i s q u e r e l a t i f " p a r le quot ien t : 
( « -«o)/Po ' 1 ' U N S C E A R ' le def ini t p a r : (p - ^)/p^ . 

A l i t r e d ' e x e m p l e , pou r s o u l i g n e r , a u b e s o i n , la n e c e s s i t e d 'une 
codi f ica t ion de n o t r e langue d a n s n o t r e s p e c i a l i t e , je v a i s p a s s e r en r e v u e 
l e s e x p r e s s i o n s u s i t e e s p a r une m S m e e c o l e , ce l l e d 'Al ice S t e w a r t . E l l e 
def ini t d ' a b o r d un " r i s q u e r e l a t i f " (1958)^ , d i f fe ren t des p r e c e d e n t s , puis 
un " r i s q u e a b s o l u " ( 1 9 7 0 ) ' ° ; enfin Knea le (1971)" a i n t r o d u i t un " r i s q u e 
r e l a t i f a j o u t e " . E n t r e t e m p s , la C I R P ^ ^ a v a i t r a p p o r t e des v a l e u r s de la 
" p r o p o r t i o n de ca s a t t r i b u a b l e s a I ' i r r a d i a t i o n " ( se lon S t e w a r t , 1968). 

3 - D o m m a g e co l lec t i f 
2 On doi t , l o g i q u e m e n t , a p p e l e r le d o m m a g e ca l cu le a p a r t i r du R I T : 

d o m m a g e co l l ec t i f t h e o r i q u e ( D C T ) . II s e dedu i t s i m p l e m e n t de I ' e x p r e s 
s ion (3) : 

( D C T ) = xND , (5) 

ou N r e p r e s e n t e I 'effect if de la popu la t ion i r r a d i e e p a r I ' i n d u s t r i e n u c l e a i r e ; 
ou e n c o r e , s i l e s m e m b r e s de ce t t e popu la t ion son t d i f f e r e m m e n t i r r a d i e s : 

( D C T ) = x ( ^ D . ) , (6) 

O U E D . e s t la s o m m e des equ iva l en t s de dose i n d i v i d u e l s . 

Ce t t e d e r n i e r e f o r m u l e , tout a fai t g e n e r a l e , s ' app l ique a u s s i b ien a 
la p r e v i s i o n d 'e f fe ts s o m a t i q u e s d i f f e re s qu ' a ce l l e d 'e f fe ts gene t iques a la 
p r e m i e r e g e n e r a t i o n ; d e s v a l e u r s de y ont e t e p roposees® . E U e s dependen t 
de I 'effet s o m a t i q u e c o n s i d e r e , Une s e u l e suffit pour I ' e n s e m b l e des effets 
g e n e t i q u e s t r a d u i t s , su ivan t H . J . M u l l e r , en " m o r t s g e n e t i q u e s " , Une f o r 
m u l e s e m b l a b l e peu t a u s s i s ' a p p l i q u e r aux g e n e r a t i o n s lo in t a ines : sous i r r a -
diatioi> cons t an t e (D c o n s e r v e la m e m e v a l e u r a chaque gene ra t i on ) la t h e o -
r i e m o n t r e qu 'un nouve l e q u i l i b r e finit p a r 6 t r e a t t a i n t ; l e s h y p o t h e s e s de 
c a l c u l - s u p p o s e n t , so i t des effets a n t a g o n i s t e s de " p r e s s i o n s " de m u t a t i o n 
( X S- m g m e v a l e u r a chaque g e n e r a t i o n ) e t de s e l e c t i o n , so i t I ' e x i s t e n c e d 'une 
" d o s e d o u b l a n t e " , Q u e l q u e s p u b l i c a t i o n s donnent des r e s u l t a t s de ca l cu l de 
D C T a I ' e q u i l i b r e ^^ , ou (D C T|^; e l l e s i n q u i e t e n t . 

4 - D i s c u s s i o n 

Que l q u ' i l so i t , un r i s q u e doit d ' a b o r d e t r e b ien def ini , puis eva lue 
p a r l ' h y g i e n i s t e qui e t u d i e , s ' i l y a l i eu , a c o m b i e n le r e d u i r e pour le r e n d r e 
a c c e p t a b l e , C ' e s t au l e g i s l a t e u r de p r e s c r i r e l e s m e s u r e s n e c e s s a i r e s , 
c o m p t e t enu d e s c o n s i d e r a t i o n s o b j e c t i v e s de l ' h y g i e n i s t e , et a u s s i , c e r t a i -
n e m e n t , des r e a c t i o n s s u b j e c t i v e s d e s i n t e r e s s e s . 

E n ce qui c o n c e r n e I ' e n e r g i e n u c l e a i r e , l ' h y g i e n i s t e a i nnove . On sa l t 
que l e s r e c o m m a n d a t i o n s de la C I R P ' i nd iquen t , pour l e s d i f fe ren t s g r o u p e s 
c o n s i d e r e s dans la popu la t ion , des l i m i t e s d ' i r r a d i a t i o n d ' au t an t p lus b a s s e s 
que l e u r s effect i fs son t p lus e l e v e s ( c ' e s t logique:voi r f o r m u l e 5 c i - d e s s u s ) . V o u -
lan t p r e v o i r ce que d o n n e r a i e n t de t e l l e s l i m i t e s , l ' h y g i e n i s t e a ca lcu le l e s p r i n -
c ipaux D C T, y c o m p r i s le (D C T"^, L e s r e s u l t a t s ont p e r m i s a la C I R P de j u g e r 
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que les valeurs trouvees etaient bien "admiss ib les" , ou encore "I'enveloppe 
du r i sque ,acceptable" . Logique, conformement aux consequences p rev is i -
bles suivant son hypothese de proport ionnali te , elle a aussi juge prudent de 
p r e s c r i r e que I ' i r radia t ion des personnes soit aussi reduite que possible . 
Cependant elle n' ignore pas que,pour obtenir un effet determine par I ' i r 
radiation il faut donner, d 'abord a d, puis a D, une valeur super ieure au 
seuil correspondant a I'effet cons idere , Les valeurs de ces seuils sont in-
connues pour la plupart des effets differes, a moins qu' i ls ne soient t r e s 
e leves , comme, par exemple, pour la cancerogenese de la peau par rad io -
therapie ' , ou du squelette contatnine par le radium 226 ; ou encore 
pour I'obtention de mutants , des la pi;emiere generation, par i r r a d i a 
tion de souris femelles ' . Sur des generations successives de rongeurs , 
malgre de fortes i r rad ia t ions , le (DC T)OQ demeure nul . 

II est meme possible d'obtenir I ' inversion de cer ta ins effets par 
diminution progress ive de d (a D constant) ou de D (a d constant); par 
exemple, de fagon spectaculaire pour la longevite des r a t s mSles ^ (aug-
mentee d'un t i e r s par 1000 r e m s en un an); et meme, sans doute, pour une 
affection maligne : le 1-ymphome de la sour is 22,2 3 

On comprend ainsi que des m e m b r e s autorises de la C I R P declarent 
nettement qu'elle n 'a aucune ra ison de publier des recommandations plus 
res t r i c t ives que les de rn ie res \ 

Cependant, dans I ' espr i t du public, I ' i r radiat ion, traduite en leuce-
mies et en malformations congenitales, frappe essent ie l lement les enfants. 
Et personne n 'admet d'ajouter un tel r isque a son compte, aussi faible soit-
i l , Et des personnes souvent bien intentionnees, des personnal i tes meme , 
croyant savoir et censees savoir , mais n'ayant pas su in te rp re te r les textes 
de la C I R P , y puisent des arguments pour al imenter leur propre inquietude 
et pour la propager . 

Dans les pays i n t e r e s se s le legis la teur a caique sa reglementation 
sur les recommandations de la C I R P . Voyant que la perspect ive de la mul 
tiplication rapide de centra les nuclea i res provoque des react ions de defense, 
lorsque ce n ' e s t deja fait ^ , il se sent dispose a p r e s c r i r e des m e s u r e s 
r e s t r i c t i v e s . L ' industr ie l est pre t a le su ivre , voire a le p receder . L ' in-
quietude du public les rend perplexes , c 'es t le moins que I'on puisse di re : 
ils ne sauraient negliger les facteurs subjectifs. 

Demain, appele a r eche rche r a pos te r ior i une relat ion de cause a 
effet, le jur is te aura bien des difficultes pour disculper la centrale nucle
a i r e tant que subs i s te ra I 'hypothese d'une relation de proport ionnali te . II 
faudrait lui en donner les moyens; je 1'avals propose il y a une dizaine 
d'annees ^^. 

5 - Conclusion 

La C I R P est se re ine , mais I ' interpretat ion de ses textes , difficile. 
C'est a nous, special is tes de radioprotection, de r a s s u r e r en informant. 
Commen^ons par r ev i se r notre nomenclature special isee dans un sens qui 
facilite cette tSche, J 'a i propose de p resen te r cette communication dans 
cette intention. 

Dans les textes de cette commission on trouve les D C T sous la deno
mination "enveloppe de r i sque" . Une telle denomination, a fort iori , si on 
lui associe des valeurs numer iques , provoque des react ions subjectives qui 
rendent bien mala isee toute information objective. Auss i , en terminant , me 
pe rme t t r a i - j e de souhaiter vivement que la C I R P desavoue son hypothese 
de proport ionnali te . 
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AN EVALUATION OF NUCLEAR GAS STIMULATION IN TERMS 
OF POTENTIAL RADIATION EXPOSURE TO THE PUBLIC^'^ 

P. S. Rohwer, C. J. Barton, R. E. Moore, and S. V. Kaye 
Environmental Sciences Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Abstract 

Experience gained from Projects Gasbuggy and Rulison and their follow-up 
studies indicates that natural gas produced from a nuclearly stimulated 
well field will contain small amounts of man-made radioactivity as it 
leaves the gas processing plant and enters commercial distribution channels. 
Individual and population doses have been estimated for hypothetical uses 
qf such gas. For example, it it Is estimated that residential use of 
nuclearly stimulated gas in unvented cook stoves would result in an average 
total-body dose to the house occupants of approximately 0.2 millirem/year. 
Radon concentrations measured In natural gas at various locations in the 
United States average approximately 20 pCi per liter. Assuming this con
centration of radon in the unvented cooking case m-entioned, the lung dose 
is estimated to be 1.5 millirems per year. All of the dose estimates 
discussed are used to give perspective to the additional radiation exposure 
of the public which could occur due to use of gas from nuclearly stimulated 
wells. Both somatic risk and genetic risk are considered in the assessment 
of relative hazard. Comparisons are made with other risks encountered in 
the normal activities of life in the United States. The studies summarized 
show that the radiological impact of either domestic or Industrial use of 
the gas can be small. 

Introduction 

The U.S. Atomic Energy Commission's Plowshare Program is almost exclusively 
devoted at present to the development of the nuclear gas stimulation concept. 
Two experiments involving detonation of single nuclear explosives In low perme
ability rock formations, Gasbuggy and Rulison, have been conducted to date. 
Results of these experiments are considered very encouraging by the AEC and the 
industrial sponsors. Rio Blanco, the third experim-ent, involved the use of three 
nuclear devices in one well hole to stimulate gas production in thicker rock 
formations than would be possible with only one explosive. The explosives were 
detonated simultaneously on May 17, 1973. 

The Health Physics and Environmental Sciences Divisions of the Oak Ridge National 
Laboratory have been investigating the radiological impact of potential uses of 
natural gas from wells stimulated with nuclear explosives. Thiŝ  paper summarizes 
the more important results of these studies. 

Radionuclide Inventory 

Radionuclides found in gas produced from the completed experiments, Gasbuggy 
and Rulison, were ^H, ̂ "̂ C, ̂ ^Ar, "Ar, ^^Kr, and ^''^Eg. of the radionuclides 

*For presentation at the Third International Radiological Protection Association 
Meetings Washington, D.C, September 1973. 

Research sponsored by the U.S. Atomic Energy Commission under contract with the 
Union Carbide Corporation. 
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found, ^H, •'''C, and ^^Kr have been studied in greatest detail because they con
tribute over 99% of the potential dose equivalent* at the radionuclide concen
trations observed, and at those projected for future wells (see Table 1). 

Table 1. Relative Percentage of Total Estimated Dose from Man-made 
Radionuclides in Nuclearly Stimulated Natural Gas 

Radionuclide 

% 
l̂ C 
85Kr 

All others 

Projected 
Average 

First Year 
Concentration 

(pCi/cm3) 

<20 
<1 
65 

Projected 
Average 
Lifetime 

Concentration 
(pCl/cm3) 

1.0 
0.02 
3.3 

Percentage of 
Estimated Total 
Somatic Dose 

60 
0.3 
39 
<<1 

Percentage of 
Estimated Total 
Genetic Dose 

93 
0.3 
6 

« 1 

i)ose to total body. 

Dose to gonads. 

The tritium concentration used in this paper, 1 pCi/cm^, is the value projected 
for the average concentration during the lifetime production of future wells.-̂  
The concentrations for •'•'*C and ®^Kr are scaled to the tritium value on the basis 
of literature values or fission and activation yield 2-5 The tritium inventory 
is distributed in the H20-H2-hydrocarbon system with less than 25% of the total 
production in the form of hydrocarbons or hydrogen. The remaining 25% appears 
as tritiated water (HTO) which would normally be removed at the wellhead. Car
bon dioxide is also normally removed from natural gas before it enters commercial 
distribution channels. The tritium and '̂*C present as hydrocarbons will be 
released as HTO and '̂*C02, respectively, when the gas is burned. 

Estimation of Doseto Man 

There are numerous pathways through which radionuclides present in gas from 
nuclearly stimulated wells may cause radiation exposure to man. Our studies 
have indicated that % and ^^Kx are the critical radionuclides and that 
exposure to combustion products from unvented home usage of natural gas 
containing radionuclides is the critical exposure pathway. 

We can calculate the dose to an individual resulting from combustion of gas 
in unvented home appliances and heaters based on the projected radionuclide 
concentrations given in Table 1. For a residence (93 m^ floor space, 227 m^ 
volume) of normal construction with one air change per hour ventilation rate, 
we estimate the following potential total-body doses (mrem/year) for various 
unvented domestic uses: cooking, 0.16; water heater, 0.38; refrigerator, 0.20; 
and heating (5000-degree days), 2.8. The maximum doses estimated for an indi
vidual at the projected radionuclide concentrations and assumed exposure condi
tions with no venting of appliances or heaters is less than 20 mrem/year to the 
total body. Most cities and states In the United States now require venting of 
all heaters and appliances except those used for cooking. If this requirement 
Is implemented, the estimated average dose to an individual in the exposed popu
lation would be slightly less than 0.2 mrem/year for gas containing the average 

Dose equivalent (rem) = Absorbed Dose (rads) x modifying factors. For 
the sake of convenience, "dose" will be used hereafter instead of "dose 
equivalent." 
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lifetime radionuclide concentrations listed in Table 1. This estimated dose 
includes a contribution from unvented cooking (0.76 m^ of gas per day. United 
States average) plus an average atmospheric contribution from all gas used in 
the area. This latter contribution was sho-wn in a study of the Los Angeles 
Basin to be less than 10% of the calculated individual dose from unvented 
cooking.^ Even this small calculated average individual dose (0.2 mrem/year) 
would deliver a potential 200 man-rems per year to each million people exposed. 
The man-rem dose estimate is obtained by summation of all individual doses 
within the exposed population. 

Use of nuclearly stimulated natural gas in power stations has been suggested as 
an alternative to residential use. Power station use of nuclearly stimulated 
gas was given consideration in the Rulison study'''® by assuming that the Chero
kee electricity generating plant located in the Denver, Colorado, metropolitan 
area burned 2.66 x 10^ m^ of gas per day (9.72 x 10® m^ per year) contaminated 
with the projected average lifetime radionuclide concentrations listed in Table 
1. The estimated dose to the population (1,500,000) in the Denver area due to 
power station use of that quantity of gas is 0.32 man-rem. The maximum indi
vidual dose estimate for the entire area is 0.006 millirem/year. 

The same 9.72 x 10® m^ of gas would supply 174,000 households for 1 year under 
the following assumptions: unvented cooking (0.76 m^/day), vented water heater 
(1.8 m^/day), and vented heating for 5000-degree days per year (13,4 m^/day). 
If each household is assumed to have 3.5 residents, the total number of persons 
exposed is 610,000, approximately one-third of the total population in the Den
ver metropolitan area. Then the comparable estimated population dose due to 
residential gas use in 110 man-rems for 9.72 x 10® m^ of gas having the pro
jected lifetime radionuclide concentrations. Thus, under the conditions speci
fied, the population dose estimate for household use of the nuclearly stimulated 
gas is nearly 350 times that for power station use. 

Assessment of the Estimated Dose to Man 

Assessment of the dose estimate projected for use of gas from nuclearly stimu
lated fields can vary in form and complexity. We believe that the assessment 
should begin with the recognition that natural gas contains natural radioactivity 
and that one result of nuclear stimulation is an incremental change in the total 
radioactivity concentration to which gas users are exposed. 

It has been known for nearly 70 years that natural gas contains a radioactive 
species, radon. Samples supplied by gas transmission companies were analyzed 
in 1972 and 1973 by scientists in four institutions to provide data on radon 
concentration in gas being supplied to several metropolitan areas in the United 
States.^ The average value (20 pCi/liter) for all sample locations is used in 
our dose estimations. 

One exposure situation that we consider for radon daughters produced by decay 
of radon in natural gas is the same as that assumed in the previously described 
studies. An unvented kitchen range using 0.76 m of gas per day was assumed 
to be located in a house having a volume of 227 m®. We calculated the concen
tration of radon daughters in the home for air change rates varying from 0.25 
to 2.0 changes per hour. We then estimated doses to the bronchial epithelium 
from radon daughters resulting from decay of radon introduced with the natural 
gas and compared these doses with those from an assumed concentration of 0.13 
pCi/liter of radon (the average concentration from a number of radon measurements 
in the United States) and each of its daughters in ventilation air. The esti
mated dose rate to the bronchial epithelium due to radon and its daughters in 
the ventilation air was 1300 to 1400 millirem per year. Additional estimated 
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dose to the bronchial epithelium due to the radon (20 pCl/liter) present in 
natural gas ranges from 90 mrem/year, for 0.25 air change per hour, to 5 mrem/ 
year, for two air changes per hour. At most, the estimated dose increase due 
to radon present in natural gas Is less than 7%, considering only the two sources 
of radon. The relative importance of this natural activity in the gas is reduced 
still further if one considers the daughter activity due to the decay of radon 
and thoron emanating from home building materials which in some situations exceeds 
our assumed concentration in ventilation air by a factor of 10. It appears 
likely, therefore, that the dose which can be attributed to the radon in natural 
gas is small (<1%) compared to the total dose received in the home from all 
sources of airborne radioactivity. These localized radon-radon daughter dose 
estimates are for a limited tissue volume: the basal cells of the bronchial 
epithelium, which are assumed to be the critical tissue. It has been estimated 
that the corresponding dose to the total lung mass (lOOOg) is an order of magni
tude lower.^^ The dose to the total lung due to radon in the gas (1.5 millirem/ 
year, assuming one air change per hour) is more suitable for comparison with 
the total-body estimates obtained for the man-made radioactivity in nuclearly 
stimulated gas. The comparison indicates that the projected concentrations of 
man-made radioactivity will contribute a dose which is approximately 12% of the 
dose due to radon in the gas. Local conditions may, however, alter this percent
age significantly. 

Another possible assessment, and one which will be required, is comparison of 
the dose estimate with applicable radiation safety standards. At this time, 
however, there are no standards which are specific to the use of nuclearly 
stimulated gas. The Federal Radiation Council (FRC) has established 170 milli
rem/year as the upper limit for the average total-body dose to a suitable sam
ple of an exposed population group for radiation from all sources exclusive of 
natural background and medical exposures. •"• However, this single source of 
exposure must not be permitted to take up a disproportionate share of the 170 
millirem/year total. The estimated average total-body dose for the population 
group expected to be exposed via home use of nuclearly stimulated gas is a 
small fraction (0.1%) of the dose limit of 170 millirem/year. 

Our estimate of dose to the total body from nuclearly stimulated gas (0.2 milli
rem/year) may also be put in perspective by comparing it with dose estimates 
(millirem/year to the total body) for other sources of radiation received by 
members of the public: natural background radiation, 130; medical diagnostic 
X-rays, 110; nuclear weapons fallout, 2; consumer devices, 2; industrial uses 
of radiation, <1. '^^ 

A hypothetical assessment of the projected dose may be obtained by estimating the 
risks which the exposure represents in terms of additional deaths, additional 
death equivalents due to radiation-induced life span shortening, and additional 
genetic deaths. A total risk estimate was obtained by summing all three types 
in spite of the recognized inherent difficulties in combining somatic and genetic 
insults whose manifestations may differ so greatly. The factors used to convert 
estimates of radiation dose into estimates of risk are those suggested by the 
ICRP. '̂ '* Those factors are based on the conservative assumption that there is 
a linear relationship between dose and effect. The estimates of additional deaths 
calculated here are believed to be upper limits of risk for the low dose levels 
considered. The actual risk in fact may be zero, for at such low doses, there 
is no practical method to reliably determine the actual risk involved. The risk 
estimated for the projected gas usage is compared in Table 2 with similar esti
mates of risk for other sources of radiation exposure of the public. 

The population dose (man-rem) estimates for the hypothesized gas uses may also 
be assessed, but to a lesser extent, as there have been no official numerical 
limits established with which the population dose estimates can be compared. We 
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Table 2. Comparison of Estimated Deaths Due to Man-made Radioactivity 
in Nuclearly Stimulated Natural Gas with Similar Estimates for Other 
Sources of Radiation Exposure of the Public in the United States 

„ J- „ Estimated Deaths per Million 
Sources of Exposure _ ,. ., , _ .a 

Individuals Exposed 

Natural background radiation" 17 
Radioactivity in natural gas 
Natural (radon + daughters) 0.3 
Man-made 0.03 

Other man-made sources of radiation 
Medical diagnostic x-rays 20" 
Fallout from nuclear weapons 0.4 
Consumer devices 0.4 
Industrial uses of radiation <0.2 
Power reactors <0.2 

a 
Obtained by summing estimated somatic and genetic effects; therefore, 
some of these estimated deaths will occur among the exposed indi
viduals or the first generation of their offspring, but a large 
majority (over 80%) will occur in succeeding generations. 

0.1 rem per year, 
c 
Based on projected radionuclide concentrations used in this study. 

have shown that the man-rem dose to the local population is sensitive to the 
manner of gas usage. The population dose in the Denver area due to background 
radiation (̂^̂200 mrem per person) is nearly 3,0 x 10^ man-rems per year, while 
that estimated for residential gas use (110 man-rems) is 0.037% of the background 
dose. Dose to the global population is another point to be considered for com
parison. Based on dose conversion factors presented in a recent report of the 
United Nations Committee on the Effects of Atomic Radiation (UNSCEAR), the 
estimated infinite dose (Integrated over infinite time) to the population of 
the northern hemisphere due to the release of the man-made radioactivity in that 
volume of gas is approximately 840 man-rems. Nearly all (99%) of that infinite 
dose is contributed by '̂*C due to its long radioactive half-life (5730 years). 
This estimated dose must be added to the estimated local population dose in 
assessing the total population dose incurred as a result of the release. 

Summary and Conclusions 

The radiological impacts of hypothetical uses of nuclearly stimulated gas for 
domestic and industrial purposes were studied. The critical exposure pathway 
was determined to be the release of combustion products from unvented appliances 
in the home. The estimated average total body dose from man-made radioactivity 
for that pathway is 0.2 millirem per year of gas use. The estimated lung dose 
due to natural radioactivity (radon) in the gas is 1,5 millirem/year. The 
critical man-made radionuclides are ^H, ̂ ""C, and ®^Kr. The largest fraction of 
the local population dose received via the critical pathway is due to H, fol
lowed by ®^Kr. Carbon-14 is of importance as the major contributor to the 
infinite population dose estimated for the northern hemisphere, with the total 
dose to the local population being very dependent on the manner of gas use. 
The radiological impact of the hypothesized gas use was assessed in terms of 
dose and in terms of risk, in the interest of incorporating radiological impact 
of gas use as an integral part of the cost-benefit analysis for the development 
of nuclear gas stimulation technology. The results of the assessment indicate ' 
that the radiological Impact would be very small. Although the dose and risk 
estimates obtained in this study are small, the possible exposures still must 
be scrutinized to achieve the lowest practicable local and global doses. 
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GENETIC DOSE LIMIT FOR GENERAL POPULATION, DOSE LIMIT AND DERIVED CONCENTRATION 
GUIDES FOR MEMBERS OF THE PUBLIC COMPULSIVE ACTION GUIDES FOR EMERGENCY SITUA
TIONS. A proposal for Mexico, based on data available on Mexican people. 

R.M. de Nulman. 
Environmental Radiactivity Section. 
Institute Nacional de Energfa Nuclear 

Mexico, D. F. , Mexico. 

C. Archundia de la Rosa. 
Centre de Estudios Nucleares 

Universidad Nacional Autonoma de Mexico 
Mexico,D.F, Mexico. 

Using methods recommended by ICRP & UNSCEAR, the mean age of childbearing 
and genetic dose limit was calculated for mexican population. Data for mexican 
population when available, complemented with internationally recommended data 
are used to derive concentration guides for several radionuclides in various 
environmental media. Derived concentration guides in sea water are calculated 
applying the specific activity concept. Emergency projected doses demanding 
action to be taken are proposed. Data lacl<ing is emphasized in order to en
courage further studies on habits, critical pathways and transfer factors 
through food chain for radionuclides in Mexico. 

Introduction 
Mexico is a developing country with great energetic needs and is now on 

its way to start using nuclear energy for power production. On this behalf, 
Uranium ore mining and milling and fuel fabrication is being considered on an 
industrial scale. 

For radiation protection purposes the recommendations of the International 
Commission on Radiological Protection are now being applied, and regulations 
are to be issued in a near future, as needed, tal<ing into account habits and 
characteristics of mexican population. 

Genetic Dose Limit 
ICRP^ recommends a genetic dose limit of 5 rems. In the UNSCEAR Report 

to the General Assembly^ there is a detailed discussion of the genetically 
significant dose, and applying the method outlined with data for Mexican popu
lations 4 5,3 mean age of childbearing of 35 years was obtained, this gives an 
annual genetically significant dose limit of O.lkk man rem per 10 inhabitants. 
Apportionment of this dose, on applying the recommendations of K.Z. Morgan and 
rounding offnumbers is stated in Table I. 

T A B L E I 
GENETIC DOSE LIMIT FOR GENERAL POPULATION: 5 rems in 35 years 

ANNUAL GENETICALLY SIGNIFICANT DOSE: O.l̂ t x 10 man rem per 10 inhabitants 
APPORTIONMENT IN^MAN REMS PER YEAR 10 INHABITANTS ^ 

Diagnosis 5 x 10 Other environmental sources 5 x 10 
Therapy 10 Future Applications and 
Nuclear energy emergency situation 10 
production 1_0 Occupational exposure 10 

It may be noticed that a substantial portion of the genetic dose available 
is allowed for medical exposure. The genetic dose due to this source tends to 
increase the benefits being 'for the present generation whilst the risi< will 
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burden future generations, and so it has to be recorded and included in what 
would be an acceptable genetic risk from all uses of radiation. 

Dose Limits and Concentration Guides 
Radionuclides, sources and environmental pathways considered as most impo_r 

tant for the transfer to man of radionuclides introduced in the environment, 
were obtained from the general guidelines for the growth of nuclear industry,as 
set forward by the Nuclear Energy Institute in its development program'' and on 
the nuclear power reactor of Laguna Verde, Veracruz to start operating in 5 or 
6 years. By now, there is no experience on pathways for radionuclides from 
source to man in Mexico, and this approach is a purely theoretical one. 

Some studies have been made in Mexico on characteristics and habits of me
xican population® ' ̂'-̂  "'-'-̂'•'-̂  , this studies were performed for medical or nutri
tional reasons. They show that a wide difference exists specially on nutritio
nal habits, in different zones of Mexico and even between habits of people li
ving in the same area, but engaged in different economical activities, this does 
not permit to find the critical pathway for Mexico as a whole, although it is 
feasible with a well designed survey for a small area, as the one affected by 
effluents from a nuclear reactor. 

Federal Radiation Counci 1-̂  ̂  has been irsui.ig concentration guides for ave
rage population applying a 1/3 safety factor to dose limits set forth by ICRP 
for individuals in the critical population. Since in Mexico there is also an iji 
complete knowledge of some data needed, an arbitrary safety factor of ]/k is 
used instead. Morphological and physiological parameters obtained from studies 
on mexican population '̂  are summarized in Table 11. 

T A B L E 11 
DATA ON PHYSIOLOGICAL AND MORPHOLOGICAL CHARACTERISTICS 

POPULATION 
PARAMETER 

Body Weight 
Da ily water intake 
Body fluids 
Mineral bone 
Calcium content 
Thyroid 

FOR AVERAGE MEXICAN 

MEN 
65 Kg 
1300 ml 
39 Kg 
4.6 Kg 
975 g 
35 ,g 

For other data needed ICRP and other sources were consulted ' ' 
5 Data on food consumption were obtained from Zubiran et. al^° , Table III. 

T A B L E I I I 
AVERAGE FOOD CONSUMPTION IN URBAN AND RURAL AREAS IN MEXICO 

FOOD GROSS WEIGHT IN GRAMS CONSUMED BY 
RURAL POPULATION URBAN POPULATION 

Corn 
Bread and Pasta 
Rice 
Beans 
Meat 
Milk 
Cheese 
Eggs 
Vegetables 
Edible roots 
Fruit 
Sugar 
Fats 
Cacao 
Other 

399 
25 
5 
45 
47 
62 
3 
5 
81 
11 
36 
39 
13 
3 
0 

202 
129 
10 
45 
76 
241 
3 
13 
114 
20 
72 
77 
26 
0 
12 

Table IV shows concentration guides or working limits for average popula
tion. 
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WORKING LIMITS 
1 RADIONUCLIDE 

2 2 6Ra 

Unat 
3H (HTO) 

**iA 
ssm,^^ 

85 Kr 
s^Kr 
®®Kr-®®Rb 
131 mxe 

i®3xe 
1 3 3Bxg _13. 
131, 
131, 
131, 

i®^Cs 

>mcs 

1 '-Safety f a c t o r o 

T A B L E IV 
OR CONCENTRATION GUIDES FOR AVERAGE 

f 1/4 was 

WORKING LIMIT OR 
CONCENTRATION GUIDE 

3 pCi /1 
3 yg/m® 

30x10"® yCi/m® 
3x10"^ liCi/m® 
0.1 yC i/m® 
0.2 yCi/m® 
2x10"^ yCi/m® 

10"? yCi/m® 
0.3 yCi/m® 
0.3 yC'i/m® 
8x10"^ yCi/m® 

30 pCi/m® 
110 pCi/day To 

1000 pCi/1 

POPULATION IN MEXICO 
IN 

Dr ink ing water 
a i r 
a i r 
a i r " 
a i r-'-
a i T" 
a i r* 
a i r " 
a i r " 
a i r " 
a i r* 
a i r 

t a l D ie t (6 months c h i l d ) 
cow's m i l k 

(Through mother t o breast feeded 
b a b i e s ) , 

300 pCi/m® 
5x10 ®pCi/day 

RURAL TYPE DIET 
1.3x10** pCi/Kg 

12x10" pCi/Kg 
9 x l 0 " pCi /1 

11x10** pCi/Kg 
not used f o r c a l c u l u s . 

a i r 
To ta l D iet 

URBAN TYPE DIET 
2 . 6 x l o " pCi/Kg Corn 

12xlo" pCi/Kg Beans 
2 x l 0 " pCi /1 M i l k 
7x10" pCi/Kg Meat 

The main food for children's diet from birth to about 2 years of age is 
milk, but in Mexico most babies are breast feeded, and weaning starts between 1 
and 2 years of age substituting the mother's milk with corn or/and beans, not 
with cow's milk, the pathway for radloiodine being from milk and food eaten by 
the mother to breast feeded babies. A survey made at the Instltuto de Nutricion 
by Perez H. et al^^ gives an average of 400 ml milk in the mother's diet and so 
the derived working level or concentration guide for average individual in gen£ 
ral population was calculated,on the basis of Iodine transferred by mother to 
child,using data from Weaver et al^^ for a mother with a milk production simi
lar to the average mexican mother. 

Strontium has a metabolism similar to calcium, but is discriminated against 
through its pathway from environment to man, the ratio of Sr 90 to calcium in 
bone needed to obtain a dose of 0.75 rems/year to bone, for individuals in the 
average population applying the method outlined by UNSCEAR^: is 4.5 m rad y"' 
per pCi (gCa)"', and dose in rems is obtained multiplying by the "relative da
mage factor" 5, for Sr 90 in bone,giving 23 mrem y-1 per pCi (gCa)~1 and 33 pCi 
(gCa)" for 0,75 rem y"' UNSCEAR^ gives a transfer factor of 0.12 diet to bone 
and 275 pC i 90sr/gCa in diet produces 33 pC i 90s(-/gCa in bone, 

A high proportion of calcium is obtained in mexican diet through mineral 
calcium added to corn (150 mg of Ca/lOOg corn^®); in making much of the food 
based on corn and specially "tortillas" which are used instead of bread by most 
of mexican population. This calcium has a negligible contribution to Sr con
tamination and in considering a uniform contamination of the biosphere, after 
UNSCEAR and C. L, Comar^'^" and calcium content in food itei^ commonly consumed 
in Mexico, transfer factors are shown in Table V. Doses produced by Sr89 for a 
long period of time are 25 times lower per pCi/gCa than dose produced by 90srj 
and the average concentration guides or working limits for o9sr and ""Sr in 
food regardless of the actual quantity consumed are shewn inTable VI, 
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RELATIONS BETWEEN -

Cereals 
Other p l a n t s 
Dai ry products 
Mineral Ca 
To ta l 

% 
6 r -
Ca 

RURAL 
5 

15 
10 
67 

-'-Sr RADIOSTRONTIUM 

-Ca 
IN 

T A B L E 
OF VEGETATION ( 
DIET 

URBAN 
7 

19 
35 
36 

PLANT 
PRODUCT 

1 
1 

0.12 
0 

V 
100 *Sr-

DIET 
BODY 
0.12 
0.12 
0.12 

0 

-lOOCa) and -vsr-Ca OF MAN 
"Sr PER lOOCa IN BODY 
RURAL URBAN 
0.6 0.8i+ 
1.8 2.28 
0.]k 0.5 

0 0 
2.6 3.7 

1 T A B L E 
RADIOSTRONTIUM DERIVED WORKING LIMITS OR 

Corn 
M i l k 
Beans 

[Vegetables 

POPULATION IN 1 
^ URBAN DIET „ 
90sr 89sr 

100 pCi/Kg 2x10^ pCi/Kg 
130 pCi /1 3.3x10 ^ pCi /1 
2x10^ pCi/Kg 5x10" pCi/Kg 
10^ pCig Ca 2.5x10** pCi/gC 

VI 1 
CONCENTRATION GUIDES FOR AVERAGE 

MEXICO 

a 

RURAL 
90sr 

130 pCi/Kg 
180 pCi/1 
3x10^ pCl/Kg 
1.3x10^ pCi/qCa 

» ' " 893 , ' 

3.5x10^ pCi/Kg 
4.5x10^ pCl/1 
7.5x10'* pCi/Kg 

Concentration Guides in Sea Water. The marine food chain to man is not well 
known in Mexico's coastal waters and the specific activity approach is likely to 
be the best under this circumstances. Following Kaye S.V. and Nelson D.J.^^con
centration guides in sea water for some radionuclides of interest are obtained 
us ing the fol1 owing: 
Concentration Guide 
in sea water yCi/l 

2.8x10-3 Y^ W 
EEF (RBE)n Y ; 

1 + 
Tb 

1-e" ToTeWStJ 

Where: Y = concentration of stable element in sea water (yg/l); Y2= concentra
tion of stable element in organ of reference (yg/g) ; W = weekly dose limit (an
nual dose limit/52); EEF(RBE)n = effective energy in MeV per desintegration; Tb 
= biological half-life in days ;Te = effective half-life in years;t = 70 years. 

The dose limit used was not affected by the ]/k safety factor since there 
are already safety factors included, in omitting the effective half-life and 
growth factors for every 1 ink in the pathway from sea water to man. Data used 
for calculation were obtained from 1 i terature'-' -̂  ̂  > ̂  ̂  . 

For radioisotopes with Gl tract as critical organ, since the exposure is 
due to the absolute concentration of radionuclide in the tract, instead of using 
the specific activity approach, the method outlined by Aten^'' is used: 

Concentration 
Guide (yCi/1) 

M PC„ X 2200 w 
(O.lSxF,-, X Kc)+(0.13xPf X Kp) 1 4x 10 

Where: MPCyj = maximum permissible concentration in drinking water for occupatio 
nally exposed personnel (168 h)yCi/ml'^^ ; F^ = Concentration factor for shrimps^^; 
Kc = Shrimp fraction in marine food intake (1, 0.5, O) ; Pf = Concentration fac
tor for fish^ ; Kp = Fish fraction in marine food intake (1, 0.5, O ) ; 0.13 = 
Marine food daily consumption in Kg^^. 

A survey made by the Instltuto de Nutricion, on food intake, of a fishing 
community, Alvarado, in the same state where the power reactor site is, although 
not in the same area, is used for calculus, food consumed were fish and shrimps, 
but no mention is made on the proportion of each, since both were grouped toge
ther for survey purposes. Since concentration factor from sea water to edible 
product are quite different for shrimps and fish> derived working levels or 
concentration guides were calculated considering fish 100%, shrimps 100% and 50% 
consumption of each. A factor of 1/10 for individuals in the critical population 
and ]/h safety factor are included. 

The concentration guides are presented in Table Vll. 
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DERIVED 
RADIO
NUCLIDE 

s^Mn 

5 5Fe 

5 9Fe 

5 8Co 

6°Co 

6 5zn 

8 9Sr 
90sr 
9 l Y 
13 1| 

1 3 t s 
13 7CS 

i^^Ba 

I'^'^Ce 

WORKING LIMITS 
CRITICAL 

ORGAN 

G! T r a c t 
L i v e r 
S p l e e n 
Gl T r a c t 
S p l e e n 
Gl T r a c t 
Whole body 
G! T r a c t 
Whole body 
Whole body 
Bone 
Bone 
Gl T r a c t 
T h y r o i d 
Whole body 
Whole body 
Gl T r a c t 
Bone 
Gl T r a c t 

T A B 
OR CONCENTRATION 

DERIVED WORKING 

L E V ! ! 
GUIDES FOR SOME RADIONUCLIDES IN SEA VATER | 
L I M I T OR CONCENTRATION 

SPECIFIC ACTIVITY CRITICAL PATHWAY 
METHOD p C l / 1 

6x102 
1 .7x102 

31 

4 . 6 x 1 0 ^ 

1 .7x102 
1 .2x102 

11x106 

' ^ .7x10 ' * 

1 .1x10^ 
8 . 7 x 1 0 ^ 

105 

3 x 1 0 ^ 

SHRIMP 100% 
2 . 2 x 1 0 2 

102 

8 . 5 x l 0 2 

i f . 2 x 1 0 ^ 

2 x 1 0 ' 

FISH 100% 
5 . 3 x 1 0 = 

1.6x10^ 

i f . 2 x 1 0 ' 

2 x 1 0 " 

5x10^ 

1.6x10'* 

l . i f x i o ' 

GUIDE IN SEA VATK 
METHOD p C i / 1 

SHRIMP50% FISH50% 
i f . 3 x l 0 2 

1.3x102 

1.7x10= 

8 . 3 x 1 0 2 

3 .7x10 ' * 

Action Levels 
in order to set action levels, the social cost together with the expected 

effectiveness in enforcing the corrective measures has to be balanced against 
the risk reduced, in this behalf a due study has to be undertaken and each place 
has to be analyzed in itself, and reviewed as changes happen. 

In order for the nuclear industry to include the needed safety measures in 
design it is considered that people are prepared to move from one state into 
another and in so doing their risk of accidental death will change, varying from 
2.1x10"'* in Quintana Roo to ll.lxlO""* in Col ima = , so for individuals in the p£ 
pulation,an increase in 10% the previous risk due to accidental death is accep
table,and action levels for whole body irradiation, should not produce signifi
cant early effects in the individuals exposed,a limit of 25 rems to whole body 
for men and 10 rems for women in reproductive age,del ivered in a short period of 
time,and for organ irradiation,the enhanced stochastic cancer risks,should not 
be higher than 10% the actual risk from accidental death in Mexico,about 6x10"'* 

Action levels for whole body and different critical organs are displayed 
in Table V I M , together with data on risk estimates considered. 

For w h o l e body 

T A 

Women i n r e p r o d u c t 
Men 

For T h y r o i d 

For bone 
For l u n g s 
" M e x i c a n P o p u l a t ion 

B L E 

i v e age 

inc udes 

V I I I PROJECTED ACTION GUIDES 
ACTION 
GUIDE 

10 rems 
25 rems 
35 rems 

ENHANCED STOCHASTIC CANCER RISK 
DEATH PER MILLON PEOPLE EXPOSED 

3 x 1 0 " ^ pe r rem f o r c h i l d r e n 2 " 
1 0 " ^ p e r rem f o r a d u l t s ^ ® 
1 . 7 x 1 0 " 6 pe r rem f o r a v e r a g e mex 

p o p u l a t i o n * 
1.5 r e m / y e a r 10" f o r 0 , 3 - 3 r e m s / y e a r 2 ^ 

6 rems 
33% o f c h -

10 " pe r rem 2 ^ 
I d r e n under 9 y e a r s ! 

OF 

can 

Applying action levels in order to get concentration guides in some of the 
links of the pathway, should be done after studying the population at risk. 
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Conclusions 
On assesing the dose to average population, the common procedure is to su£ 

vey the environment, by measuring activity in suitable samples and data obtained 
must be traduced into dose for people exposed, or compared with data set as ba
sed on dose limits, in any case, parameters are needed for dose assesment and 
the values calculated are as good as the actual numbers used. 

On the other hand values for parameters are different among different peo
ple and it is important, to dedicate some effort in obtaining these parameters 
and governmental agencies, beside the Nuclear Energy Institute should be encou
raged to do research in this field, in order to find for average mexican popula 
tion physiological and morphological data, on food consumption habits and trans_ 
fer factors for common food in Mexico. This studies are of Importance, special
ly in areas where nuclear industry will be developed. 
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VADOSCA: A SIMPLE CODE FOR THE EVALUATION OF POPULATION 
EXPOSURE DUE TO RADIOACTIVE DISCHARGES 

L. Bramat i , T. MarzuUo, I. Rosa , G. Zara 

ENEL 
Rome, Italy 

Abstract 

The code consists of two p a r t s , one for liquid d ischarges (VADOSCA-LI ) 
and one for gaseous d ischarges (VADOSCA-GAS), and it incorporates the t r a n s 
fer p a r a m e t e r s of twenty-four radioisotopes in the case of liquid d i scharges , 
and of twenty radioisotopes in the case of gaseous d i scharges . It allows the 
evaluation of the concentrations of the various isotopes in all the connpartments 
of the cr i t ica l paths outlined in the ICRP Publication No. 7, and the evaluation 
of the annual doses for five cr i t ica l organs (whole body, G.I . t rac t , thyroid, 
bones, lung) for the various cr i t ica l groups of population, on the basis of en
vironmental p a r a m e t e r s , such as the time of residence in a certain a rea , diet, 
type of activity, hydrological regimen, i r r igat ion methods, and meteorological 
conditions. 

Although extrenaely s imple, the code allows rapid performance of all the 
evaluations required to define the amount of radioactivity that can be re leased 
and the associated exposures . 

Introduction 

As the peaceful uses of nuclear energy expanded, a great number of c r i 
t e r ia had been voiced on environmental protection against radioactive d i s 
charges from nuclear plant; in 1965 they were collected in an orderly form in 
the ICRP Publication No. 7. In the light of the acquired knowledge of recon-
centration of radionuclides in the environment as a resul t of chemical-physical 
(absorption, sedimentation) and biological p r o c e s s e s , ICRP suggested a s s e s s 
ing the doses due to the d ischarges following all the possible paths from the 
plant to man. This approach calls for a wide knowledge of the environment 
and t ransfer p a r a m e t e r s of all nuclides present in the d ischarges , and sophis
ticated computer programs^ . 

In the meanwhile the public opinion had r i sen against environmental degra 
dation to the point of objecting even to the construction and operation of nuclear 
power s tat ions, and especial ly to their effluents. The Regulatory Agencies 
were thus p ressed to lower the l imits of discharged radioactivity and to request 
of each station an analysis of i ts impact on the environment, more or less in 
harmony with the ICRP recommendat ions . This attitude is very well i l lustrated 
in a recent AEC document^ , which analyzes the mer i t s of the various types of 
waste t rea tment plants in the light of the reduction of the population exposure 
to "as low as prac t icab le" values . 

Likewise, in Italy CNEN has long ago adopted the cr i ter ion of issuing op
erat ing l icenses containing l imitat ions on the radioactive d ischarges based on 
the actual station requi rements and on an analysis of the receptivity of the en
vironment. ENEL, the national producer and dis tr ibutor of e lectr ic i ty in Italy, 
responsible for providing to CNEN such an impact analysis for its nuclear s ta
t ions, developed a computer code in two par t s that simplify the evaluation of 
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of population exposure due to liquid and gaseous radioactive wastes (called 
VADOSCA-Li and VADOSCA-Gas). 

VADOSCA-Li 

In i ts present form, the code covers twenty-four radionuclides, of which 
r • •, ^ /89c 90o 9 1 ^ 9 5 „ 106^ 131 , 134 „ 137„ 

some are fission products ( Sr, Sr, Y, Zr , Ru, I, Cs, Cs, 
^'^°Ba, I'^^Ce), others are activation products (^H, ^^C, ^^P, ^^S, ^^Ca, 
51Cr, 54Mn, ^"^Fe, 58co, ^Oco, 65zn, l lOm^g, 124sb), plus an alpha emit ter , 
239pu, The choice of these nuclides was dictated by the frequency of their 
presence in the station discharges and by their radiotoxicity. Nuclides having 
a half-life of less than a few days are not considered. However, the code can 
handle thi r ty isotopes to accommodate par t icular situations with isotopes that 
a re not listed above. 

When the wastes are discharged to a closed body of water (sea or lake)the 
main dilution considered is that due to the condenser coolant; moreover , dilu
tion coefficients are fed to tlie computer for each cri t ical path and for each 
single case on the bas is of hydrological and thermal considerations. Introduc
tion of the commonly used diffusion model^' '* was avoided because they lack 
the required flexibility and they required a semi-empir ica l approach. 

When the wastes are discharged into a r ive r , they are considered diluted 
first by the condenser coolant and then by the average flow of the r iver itself. 
If the water table is involved, decontamination coefficients are fed to the com
puter to take into account the absorption due to the soils crossed by the liquid. 
Finally, additional dilution coefficients can be introduced for each pathway to 
take into account any other mechanisms , such as suitably large t r ibutar ies or 
sedimentation effects. 

Fig. 1 provides a schematic i l lustrat ion of the cri t ical pathways considered 
for the liquid was tes . The code calculates the doses to four special groups, 
namely, f ishermen, other workmen, local population, f a rmers . A separate 
calculation is made for the doses originated by drinking water . The doses are 
evaluated for five cr i t ica l organs (whole body, gastro- intes t inal t rac t , thyroid, 
bones, lungs) and they are expressed in m r e m / y e a r if the discharges are ex-

Surface snd 
ground ymters 

fl3dioectiv0 
msterial 

Direct irrad'ation through immersion 
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Direct 
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Fig 1 - Critical pathways for liquid discharge 
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pressed in Ci /yea r . 

The concentrations in each compartment in Fig, 1 are obtained by means 
of a l inear relation from the preceding compartment and with the t ransfer coef
ficients taken from the l i tera ture or from the concentrations of stable isotopes 
in the respect ive compartments or evaluated on the bas is of other cons idera
t ions, a s i l lust ra ted below, 

5 
Marine biota and fresh water fish. F r e c k e ' s concentration factors were 

used for the former , whereas reference was made to the concentration factors 
found in the l i terature^' ' ' '^ for the la t te r . 

I r r igated c rops . Six types of crops were considered, namely, r i ce , other 
ce rea l s , leafy vegetables (including forage), rad ishes , other vegetables and 
fruit. The l i te ra ture provides very scanty information on the relative concen
t ra t ion fac tors , so reference was often made to the method of specific activity; 
a standard concentration was assumed for fresh water and the concentrations 
for the vegetables were taken from the l i t e ra tu re . When this method was not 
applicable, the concentration factors of chemically simikir elements were used. 

T e r r e s t r i a l animals and products . The following cr i t ica l pathways were 
considered: meat of herbivors (beef, rabbit , lamb, pork) and milk, poultryand 
eggs . The radionuclide t ransfer is considered from the forage for herbivors 
and from ce rea l s for poultry. The t ransfer factors for C, P , S, Ca, Fe , Mn, 
I, Zn, Co, Sr were obtained by the specific activity method, the factor for Cs 

9 

from the l i te ra ture , Cr , Co, Y, Zr , Ru, Ag, Sb, Ba, Ce and Pu were consid
ered little ass imi la ted by the Gl t r ac t , ( i . e . 1% in respec t of Cs). 

Sediments. Lacking specific data that would any way strongly depend on 
local factors (meteorology, hydrology, type of r iver banks and soils) , we a s 
sumed standard t ransfer factors that varied by a factor of 10 depending on the 
half life and type of sediment (sandy or silty). The tai l race was taken as the 
preceding compartment before complete mixing with the receiving body. 

I r r igated t i l lage. The i rr igat ing -water was assumed to deposit i ts r ad io 
activity in the first ten cent imeters of soil and equilibrium concentration was 
assumed to be reached with a 15% leaching year ly . 

Once the concentration in each compartment i s known, the doses to the 
cr i t ica l groups are calculated taking into account cr i t ica l p a r a m e t e r s , such as 
time of residence in water , on water , on sediments , on i r r iga ted land, d ie tary 
habits , and working t ime. The doses due to i r radiat ion from water and land 
were calculated with the formula : 

D. = 1. 06 X 10^ X Ci x Si X T 
where D is expressed in m r e m / y r , C^ is the concentration of isotope i (Ci /m ), 
Si is the energy of beta and gamma rays emitted by the isotope i (Mev), T is 
the i r radia t ion time (hours). The formula is based on the assumption of a 
plane infinite source and it overes t imates the actual dose. When applied to 
sediments , the formula gave an excessive dose because of their high concen
t ra t ion factors ; therefore , a more sophistical mathematical treatment^^ was 
used, whereby allowance is made for the actual thickness of the sediments, 
for the overlying water layer and for the geometry effect of the source ( semi-
plane in the case of i r radia t ion of a cr i t ica l group residing on r ive r banks or 
Sea coast) . 
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For the intake doses the CMAs given in the ICRP Publication No. Z for the 
various organs, following the method proposed by Ess ig , and the year ly food 
consumption of the var ious population groups were used. 

The doses due to inhalation of re suspended mater ia l (sediments and ag r i 
cultural soil) are factored in by assuming a standard breathing rate of 0. 83 
m ^ / h r and a content of airborne par t icula tes of 10 mg/m^ . The lat ter value is 
a maximum obtained from samples of a i r taken in different conditions, such as 
open country, construction s i tes , residential a r e a s . 

The code is wri t ten in FORTRAN; it needs 20 K memor ies and it takes ap
proximately 15 seconds in a GE 63 5 computer. 

VADOSCA-Gas 

Twenty nuclides a re considered, of which eight noble gases (fission and a c 
tivation products : 41 A, SSm^r , 85Kr, 87ĵ 3,_ ^^Kx, ^^^Xe, ^^^Xe, ^^^Xe), va r 
ious isotopes as par t icu la t - s (^^co, 88Rb, 89Sr, 90sr, 131l, 134Cs, 137cs, 
•'••^°Cs, 239pu)^ and 3 H , 1 3 N , 1 4 C in the form of vapor. Short-lived isotopes 
were taken into account only when experience indicated that they might be p r e s 
ent in the d ischarges . At any ra t e , the code can accommodate other five nu
cl ides. For each nuclide it is necessa ry to supply the average yearly discharge 

Atmospheric diffusion is evaluated with Pasqui l l ' s theory!^ adapted to the 
meteorological data available. In fact, two sets of information are handled by 
the code, namely, 

Set A: Only a wind rose and an average distribution of the six stability cat
egor ies are available. This is the general case described by P . Bryant^^ . 

Set B: In this case , in addition to the wind rose , one must have the f re 
quency distribution of the stability categories for each wind direction, sub
divided by wind speed ranges . This is the sort of information used by May and 
Stuart for their diffusion analysis at Brookhaven-^ . 

For simplicity, in its present form the code does not take into account 
par t icu lar effects such as the cloud depletion due to deposition, down draft and 
building effect; the part iculate deposition rate is assumed constant at 3x10-2 
m / s . 

Fig. 2 shows the cr i t ica l pathways for gaseous d ischarges . Two sets of 
doses are considered: ( l) doses due to i r radia t ion and inhalation as a function 
of the distance from the stack and direction of plume travel ; (2) doses due to 
intake of agr icul tura l (vegetal and animal) produce. The former are calculated 
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ove r a d i s c r e t e n u m b e r of d i s t a n c e s b e t w e e n 0. 3 and 50 k m and for a m a x i m u m 
of s i x t e e n s e c t o r s ; the l a t t e r a r e c a l c u l a t e d only a t the point of m a x i m u m fa l l 
out and for two popu la t ion g r o u p s ( f a r m e r s and l o c a l popula t ion) and for the 
u s u a l five o r g a n s . 

The e x p o s u r e due t o the c loud i s c a l c u l a t e d wi th a me thod deve loped by G a -
m e r t s f e l d e r . Th i s m e t h o d t a k e s in to accoun t the c o n t r i b u t i o n made by a 
c loud of finite d i m e n t i o n s wi th a g a u s s i a n v e r t i c a l c o n c e n t r a t i o n d i s t r i b u t i o n 
and an a v e r a g e h o r i z o n t a l c o n c e n t r a t i o n . 

The e x p o s u r e due to i nha l a t i on i s c a l c u l a t e d f r o m the g round c o n c e n t r a 
t i o n s , e v a l u a t e d wi th P a s q u i l l ' s f o r m u l a ^̂  . The s a m e f o r m u l a i s u s e d to c a l 
cu la te the d e p o s i t i o n on the c r o p s , exc lud ing the s h o r t - l i v e d ° ° R b and -"--^"Cs. 

The t r a n s f e r f a c t o r s for c r o p s w e r e c a l c u l a t e d tak ing in to accoun t the 
g rowth t i m e of the c r o p s , the c o n c e n t r a t i o n s of the s tab le i s o t o p e s , the d e c o n 
t a m i n a t i o n due to d e c a y and p r o c e s s i n g . The r e l a t e d d o s e s w e r e c a l c u l a t e d 
l ike t hose r e s u l t i n g f r o m the l iquid d i s c h a r g e s . 

The code i s w r i t t e n in F o r t r a n ; i t n e e d s 60 K m e m o r i e s and i t t a k e s about 
60 s e c o n d s in a GE 63 5 c o m p u t e r . 

G e n e r a l C o m m e n t s 

Appl ied to the a n a l y s i s of e n v i r o n m e n t a l i m p a c t , VADOSCA h a s p r o v e d to 
be a useful too l for the h e a l t h p h y s i c i s t . While r e l i e v i n g h i m of p a i n s t a k i n g 
c a l c u l a t i o n s , i t h a s c o m p e l l e d h i m to s ingle out f r o m the h o s t of e c o l o g i c a l da t a 
t hose t ha t w e r e m o s t s ign i f i can t for r a d i o p r o t e c t i o n . In p r a c t i c a l app l i ca t ion , 
i t w a s n e c e s s a r y to modify the s t a n d a r d t r a n s f e r f a c t o r s to adap t the code to 
the r e s u l t s of the s u r v e y s at the n u c l e a r s t a t ion s i t e s . F o r i n s t a n c e , for the 
n u c l e a r s t a t i on on the G a r i g l i a n o r i v e r a t 11 k m f r o m the c o a s t , the Cs t r a n s 
fe r f a c t o r for f i sh w a s found to be m u c h l o w e r (200) t han the s t a n d a r d value 
(1000). I n s t e a d , at T r i n o V e r c e l l e s e on the u p p e r c o u r s e of the P o r i v e r the 
s a m e f ac to r w a s 1400 and for c e r t a i n s p e c i e s of f i sh tha t feed on p e r i p h y t o n i t 
w a s a s high a s 2500. T h i s e x a m p l e i s t y p i c a l to i l l u s t r a t e the l i m i t a t i o n s of 
t h i s type of c o d e , which s t a r t s f r o m s t a n d a r d v a l u e s s e l e c t e d c o n s e r v a t i v e l y 
and then m u s t be adap t ed t h r o u g h s u c c e s s i v e a p p r o x i m a t i o n s . 

In the n e g o t i a t i o n s wi th the safe ty a u t h o r i t i e s for the d i s c h a r g e p e r m i t s , 
the a v a i l a b i l i t y of an a g r e e d s t a n d a r d code f a c i l i t a t e s m u t u a l u n d e r s t a n d i n g 
and s a v e s c o n s i d e r a b l e t i m e . 

It i s r e c o g n i z e d tha t f u r t h e r i m p r o v e m e n t s of the code a r e n e c e s s a r y in 
o r d e r to f ac to r in a l l the i n f o r m a t i o n on r a d i o a c t i v i t y c o n c e n t r a t i o n and d i s p e r 
s ion m e c h a n i s m s in the e n v i r o n m e n t t ha t i s bu i ld ing up . M o r e o v e r , the nex t 
s t ep should be the use of d y n a m i c m o d e l s of the type a l r e a d y w ide ly u s e d in 
o t h e r b r a n c h e s of e co logy !•> 16, but th i s w i l l be w a r r a n t e d only when a b e t t e r 
u n d e r s t a n d i n g of the a f o r e s a i d m e c h a n i s m s h a s b e e n a c q u i r e d and m o r e c o m 
p l ex p r o b l e m s a r e to be d e a l t w i th . 
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MEDICAL EXPOSURE 

NATIONWIDE EVALUATION OF X-RAY TRENDS (NEXT) 

Joel 0. Lubenau, FDA, Northeastern Radiological Health Laboratory, Winchester, 
Mass. 01890; Charles M. Hardin, State Department of Health, Frankfort, 
Kentucky 40601; John W. Shaver, State Board of Health, Raleigh, North Carolina 
27602; I. Paul Leggett, Jr., FDA, Bureau of Radiological Health, Rockville, 
Maryland 20852; and LaVert Seabron, FDA, Bureau of Radiological Health, 
Rockville, Maryland 20852. 

Abstract 

The impact of efforts by government agencies to minimize and control unnecessary 
patient exposure in medical x ray has been difficult to assess. Population 
exposure studies, such as those conducted in 1964 and 1970 of the United States 
Genetically Significant Dose, are expensive. Reports of the number of x-ray 
machines in compliance with equipment standards, such as for filtration and 
collimation, are traditional but are difficult to relate to patient or popu
lation exposures. Furthermore, such reports are limited to machine parameters 
and do not reflect other factors influencing patient dose such as operator 
training, film and screen selection and film processing. 

A Task Force of State and Bureau of Radiological Health representatives, 
created in 1971, has applied the "standard man" concept as a method of evalu
ating the impact of government control efforts on medical x-ray exposure. 

A limited number of randomly selected medical x-ray facilities are visited. 
The operator of an x-ray unit is requested to set the technique factors for a 
selected examination of a patient whose anthropometric characteristics have 
been standardized. Exposure data is collected using standardized procedures 
and equipment. Organ Dose Index values are generated for selected critical 
organs. 

By eliminating patient size variation, the wide range of exposure technique 
factors currently employed in medical radiography has become readily apparent, 
together with the wide range of gonad doses encountered by a standard patient. 
It is expected that these can be correlated with governmental agency activities 
in radiological health and can be modified by their efforts. 

The methodology of the NEXT Organ Dose Index System is simple. Fifty local. 
State and Federal radiological health programs in the United States are partic
ipating or planning to participate in the system which began operation in 
October, 1972. Some results of the first nine months of its operation are 
presented. The system appears to be far more efficient in assessing the impact 
of governmental program efforts in medical x ray than previously used methods. 
It avoids the complexity and cost of population exposure studies but can relate 
program impact in terms of patient exposure and dose. 
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Radiological Health Efforts in the United States 

Historically, regulatory radiological health efforts in the United States trace 
their origins to the state and local levels, particularly as they affect 
medical x-ray use. Currently 50 States and the District of Columbia conduct 
radiation control programs under either general public health laws or specific 
enabling legislation.^ Technical details of regulatory control are usually not 
included in authorizing legislation but are delegated to a radiological health 
agency or advisory group. More recently, under authority of Public Law 90-602, 
Federal performance standards for medical x-ray equipment have been prepared.2 

In 1962 the Council of State Governments, in cooperation with the United States 
Public Health Service and the United States Atomic Energy Commission, developed 
Model Regulations for Radiation Control which included a section on the "Use of 
X rays in the Healing Arts."3 The original regulations have been updated twice 
and are undergoing further revision. Most States which have adopted regula
tions in the area of medical and dental x ray have followed this guidance thus 
providing some measure of uniformity. The Council of State Governments' regu
lations have been based upon the recommendations of various standard-setting 
bodies, particularly those of the National Council on Radiation Protection and 
Measurements.4 

The major thrust of radiological health agencies' activities in the United 
States, to date, has been directed at upgrading the x-ray equipment used in the 
diagnostic healing arts to meet minimum regulatory standards. Consequently, 
the primary purpose of most medical x-ray inspection programs has been to 
determine that the equipment requirements of the regulations are being followed. 
However, advantage is frequently taken of the personal contact during an 
inspection of a medical or dental facility to discuss with personnel other 
items related to the use of the equipment. 

For example, exposure technique and film processing may be reviewed with the 
operator. In such cases, the inspection visit becomes a mini-training program. 
As a result, in addition to a report of items which do not meet regulatory 
requirements, recommendations may also be provided to the user which, if 
followed, can improve the overall radiological health aspects of an x-ray 
facility. 

Regular training courses are offered by many radiological health agencies, 
usually in conjunction with, or using the resources of, various Federal agen
cies. The Bureau of Radiological Health of the Food and Drug Administration 
has developed training packages for use by State and local agencies. Many of 
these agencies routinely offer the services of their staff to provide lectures 
for ongoing formal training programs in hospitals or other schools. 

Many State and local radiological health agencies review and approve x-ray 
facility plans and specifications. Items such as adequacy of radiation 
barriers, film handling and processing facilities, type and location of radia
tion machines, and adequacy of ancillary equipment are subjected to critical 
review. 

Radiological health agencies realize that ensuring that proper equipment is 
provided is only one parameter in the equation of optimizing the benefit of an 
x-ray exposure of a patient. With this in mind, three States and the Common
wealth of Puerto Rico have approved specific laws which establish minimum stan
dards for education, training and experience for certain user groups that apply 
x rays to humans for diagnostic or therapeutic purposes.1 The United States 
Public Health Service has developed guidelines for the establishment of 
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licensing programs for x-ray users in the healing arts.^" 

All of these programs are directed toward minimizing exposure in the environs 
of an x-ray installation and optimizing the benefits of patient radiation. But 
how do these agencies determine their program effectiveness? National X-ray 
Exposure Studies such as conducted by the United States Public Health Service 
in 1964 and in 1970 can and do provide information to answer this question.6'7 

However, such x-ray exposure studies require considerable investments of time, 
money and personnel at local. State and Federal levels. This time interval -
6 years - is too long for use by agencies requiring the kind of information 
which is necessary to justify budget requests, to plan program priorities and 
to evaluate past program effectiveness. These activities are performed on an 
annual basis and information must be available on an annual basis. 

The usual information resources available to agencies are limited to reports 
of inspection programs such as the number of x-ray machines in compliance, the 
number of x-ray machines with deficient filtration, etc. Increasingly, such 
data has been found unsuitable for identifying specific problem areas, for 
justifying existing radiological health programs and budget requests, and for 
program planning. Such terminology is not meaningful to many public officials 
responsible for planning fiscal and personnel resource allocations to the 
various technical programs under their jurisdiction. Instead, program effec
tiveness or needs must be reported in people-related terms. 

Nationwide Evaluation of X-ray Trends (NEXT) 

In May 1971 the Conference of Radiation Control Program Directors called for 
the formation of a'Task Force to design a uniform program for surveys of x-ray 
facilities.8 The Task Force, co-sponsored by the Bureau of Radiological Health 
of the Food and Drug Administration, Department of Health, Education and Wel
fare, was appointed in July 1971 and consisted of equal representation from 
State and Federal radiological health agencies. 

The Task Force adopted the project name of "NEXT", an acronym for Nationwide 
^valuation of X̂ -ray Trends. In reviewing its charge, the Task Force identified 
four specific objectives^ it wished to meet: 

1. Design a system to measure the effectiveness of radiological health pro
grams, 
2. Design a system which would enable program priorities to be assigned on a 
rational, documentary basis, 
3. Identify the optimum componentsof a radiation survey, and 
4. Provide for the uniform collection of data related to radiological health. 

The development of an Optimum Survey Procedure Manual would partially satisfy 
these objectives. This is currently under revision and will not be discussed 
here. 

While the production of a manual of optimum survey procedures will fulfill a 
long sought need by local and State radiological health programs, the NEXT Task 
Force recognized that additional parameters were required to meet the objectives, 
of providing a system to measure program effectiveness and to assign program 
priorities. The Organ Dose Index System (GDIS) was devised to meet these 
objectives. 
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The Organ Dose Index System (ODIS) 

The Organ Dose Index System is based on an annual survey of a statistically 
representative sample of the x-ray tubes within an agency's jurisdiction. The 
results are intended to provide the agency with a measure of its effectiveness 
in reducing unnecessary radiation exposure during diagnostic radiography. The 
system was not designed to replace compliance survey procedures now in use but 
is intended to be an adjunct to these procedures. The system provides specific 
organ doses called Organ Dose Indexes for selected x-ray procedures applied to 
a standard sized patient. 

The term "Index" has been appended to "Organ Dose" because the calculated dose 
values are not an "average", nor representative of the population dose. They 
are the organ doses only for an individual who fits the physical characteris
tics of the"standard patient". (This patient was subject number 16 of the 
group who participated in the Johns Hopkins study to determine scatter to 
primary x-ray beam exposure ratios.6) Organ Dose Index, is therefore, a 
people-related quantity. Since it reflects a "standard patient" it removes the 
variable of patient size. It has the potential for evaluating variations of 
organ dose by type of facility, technique, operator training, beam size and 
shape, etc. The methodology of calculating radiation doses to the gonads used 
in the Organ Dose Index System is that used in the X-ray Exposure Studies of 
the United States in 1964 and 1970, with modifications."^ Other organs have 
been identified by the Task Force for which calculated radiation doses are 
desired. These are the thyroid, lens of eyes and bone marrow. Organ Dose 
Indexes for these organs are awaiting development of suitable dose models. 

Twelve common diagnostic radiographic examinations are included in the Organ 
Dose Index System: 

Body Part 
Projection Body Part of Interest Thickness (centimeters) 

Chest (P/A) 
Skull (Lateral) 
Abdomen (KUB) 

Scout Film (A/P) 
Retrograde Pyelogram 
Scout Film (Cysto 
Units) (A/P) 

Thoracic Spine (A/P) 
Cervical (A/P) 
Lumbo-Sacral Spine (A/P) 
Full Spine (A/P) (14"x36" 
film size only) 

Feet (Weight Bearing) (D/P) 
(Podiatrists Only) 

Dental Bitewing (Posterior) 

Dental Periapical 

Dental Cephalometric 
(Lateral) 

Thorax 
Head 

Abdomen 

Abdomen 
Thorax 
Neck 
Abdomen 

Chest and Abdomen 

Foot 

Central Incisor 
(Maxillary) 

Head 

23 
15 

23 

23 
23 
13 
23 

23 

15 

These projections were selected to provide a useful cross-section of x-ray 
examinations encountered in private and institutional medical care facilities. 

To obtain Organ Dose Indexes, a statistically representative sample of the 
healing arts x-ray facilities within a participating agency's jurisdiction is 
drawn by the participating agency on an annual basis. 
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During the inspection of a selected x-ray facility, the inspector determines 
which of the twelve selected examinations are performed most frequently on the 
machine being inspected. The inspector asks the operator to set the technique 
(milliamperage, kilovoltage, exposure time, target-to-film distance, collima
tion, etc.) that would be used for this standard patient. For example, if a 
Chest P/A is the most frequent examination performed with the machine in ques
tion, the operator is asked to set the technique that would be used for a 
patient having a 23 centimeter chest. Appropriate measurements of x-ray beam 
exposure, quality and beam size are made utilizing standardized procedures and 
equipment.9 A Mean Ovarian Dose and a Testicular Dose are then calculated from 
the measurement data using computer programs. 

Preliminary Results 

The NEXT Organ Dose Index System began October 1, 1972. At the end of the 
first nine months operation, 32 States and 3 Federal agencies were partici
pating. Additionally, NEXT data has been processed for one foreign government 
and for an international health agency. At the end of nine months of operation 
(June 30, 1973), data for 3,431 projections had been collected in the United 
States and submitted for processing. Pre-edit and quality control checks 
designed to eliminate erroneous data are applied to all submitted data. 2,316 
projections passed these checks and were entered upon the NEXT ODIS master file. 

The present data pool is not yet complete. Many participating agencies have 
not completed surveying their annual representative sample. Not only is it too 
early to attempt an identification of trends, but the baseline has not yet been 
established. 

Nonetheless, preliminary analysis of existing data does seem to validate some 
of the concepts, and expectations of the system. 

For example, data is available for 291 cases of the Lumbo-Sacral (A/P) pro
jections. Registered radiologic technologists performed 129 of these projec
tions, the others being performed by practitioners or other persons. For these 
291 applications of this projection to our standard patient: 

1. The reported kVp ranges from 50 to U O , 
2. The reported mAs ranges from 10 to 400, 
3. The measured tube target-to-film distance ranges from 30 to 72 inches, 
4. In view of the ranges in the above 3 categories it was not surprising to 

find the calculated exposure at skin entrance varied by 2 orders of 
magnitude. 

5. X-ray Field Size at the film varied from well coUimated beams limited to 
the spinal column, e.g., 5"xl6" to large circular beams, e.g., 49", and 
even large rectangular beams, e.g., 22"x47", 

6. In consequence of these variations, the Mean Ovarian Dose Index ranged from 
4 mrad to 951 mrad and the Testicular Dose Index ranged from<0.5 mrad to 
about 2,300 mrad. 

This kind of variation is not unique to the Lumbo-Sacral Spine examination. As 
another example, 42 cases of the Retrograde Pyelogram Scout (Cysto only) (A/P) 
were collected. This is a specialized projection rarely performed outside a 
hospital or major private practice facility. The x-ray machine operator in 34 
of the 42 cases was a registered radiologic technologist. 

1. The reported kVp varied from 68 to 90, 
2. The reported mAs varied from 20 to 250, 
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3. The measured tube target-to-filra distance varied from 31 to 59 inches, 
4. The calculated exposure at skin entrance varied from 205 raR to 1,200 raR, 
5. Beam size at the film varied from a 25"diameter circular beam to a 10"xl3" 

rectangular beam, 
6. The mean Ovarian Dose Index varied from 45 mrad to 507 mrad and the 

Testicular Dose Index varied from 1 mrad to about 1,000 mrad. 

It is evident that the range of variation for this projection is smaller than 
for the Lumbo-Sacral Spine, but it is still quite large. As noted earlier, 
this projection is a specialized procedure restricted to a limited number of 
facilities. In comparison to the Lumbo-Sacral projection, a larger proportion 
of the operators were registered radiologic technologists and one may speculate 
on the influence of this factor. 

Even so it is perplexing to find such wide variation in technique for the same 
examination for the same standard patient. 

NEXT, Now and Future 

These preliminary results suggest that opportunity does lie ahead for reducing 
unnecessary diagnostic x-ray exposure by identifying facilities using high 
exposure techniques. The NEXT Organ Dose Index System, by eliminating patient 
size variation and utilizing standard survey techniques, provides an objective 
method of accomplishing this. 

Presumably, a radiological health agency effort, directed at identifying the 
high exposure facilities, followed by efforts to change their techniques, if 
successful 5 should be reflected by a trend, over time, to lower average organ 
dose indexes. The NEXT Organ Dose Index System will monitor these trends. 

The NEXT Organ Dose Index System will not provide estimates of population dose, 
nor wilT it provide per capita dose information. It will provide information 
that can be used to effect changes in population dose. It will monitor changes 
in medical diagnostic x-ray application and trends in medical x-ray exposure. 
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THE GENETICALLY SIGNIFICANT DOSE DUE TO MEDICAL X-RAY EXAMINATIONS IN 
THE NETHERLANDS 

by J.A. Koen and J. Weber 
Interuniversitair Reactor Instituut 

Summary 

Recent in situ measurements of the gonadal doses of 2500 male patients in seven Dutch hospitals make a reap
praisal of the genetically significant dose (GSD) due to X-ray examinations in the Netherlands possible. 
It was found that the gonadal doses of nearly all examination types in all hospitals form a log normal distribu
tion with a standard deviation of the same order of magnitude as the mean doses. 
The mean doses differ largely between the hospitals. Measurements in many hospitals wiH be necessary to obtain 
a reliable national mean dose for each examination type. 
The number of examinations for each type varies appreciably per district and needs careful consideration. The 
chUd expectancy, wliich did change drastically during the last 4 years, did not influence the GSD. 

Introduction 
The Genetically Significant Dose (GSD) due to X-ray examinations in the Netherlands was esti
mated by Beekman 1̂  over 1959 and by Beentjes 2) over 1957. The former estimation resulted in 
a GSD of 7 mrem, the latter in different values, ranging from 1 9 - 4 0 mrem. 
Beekman used a set of relatively low gonadal doses obtained from phantom measurements with 
minimum beam size. In this respect her result is a minimum value. The number of examinations 
was obtained from the registers of all medical services in the city of Leiden and surroundings. 
For this confined population the total number of examinations was 0.55 per year in 1959, den
tal radiography and mass survey excluded. Beentjes used different sets of doses obtained from 
the literature and the phantom measurements of Beekman. The frequency of examinations was 
obtained from health insurance companies operating in different districts and covering 9 million 
people out of a total population of 13 million. The number of examinations per caput per year 
varies per district from 0.25 to 0.45 with a mean of 0.37. Dental radiography and mass radio
graphy are excluded. The latter would add 0.21. Since no in situ dose measurements were avai
lable in our country we decided to perform a survey in the hospitals in order to obtain dose 
values as they really occur. The preliminary results from measurements on male patients now 
available permit some conclusions about the procedure to be followed for gonadal dose measure
ments and their influence on the GSD estimate. They will be discussed in this paper. 

Methods 

We used thermoluminescent dosimeters, consisting of three extruded lithium fluoride ribbons 
(1/8 X 1/8 X 0.035 inch) from Harshaw, wrapped up in plastic film. Up to this moment we per
formed measurements on male patients only. The dosimeter is attached to the scrotum during 
the X-ray examination. The measured exposure permits to calculate the testis dose if the following 
factors are properly taken into account, 
a) The difference between the skin exposure and the testis exposure is estimated to be about 

+ 5% in the direct beam and —5% in scattered radiation. 
b)A conversion from testis exposure to absorbed dose, chosen as 0.91 rad per rontgen. 
c) The sensitivity of LiF for diagnostic X-rays compared with 0.662 MeV ^^''Cs radiation is 

estimated to be between 1,25 and 1.38. 

The absorbed dose can be obtained from the exposure (calibrated with ^^^Cs) through division 
by an overall correction factor, deduced from a, b and c between 1.55 and 1.40 for direct 
radiation and between 1.40 and 1.30 for the scattered radiation. An arbitrary value of 1.4 was 
chosen. 
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Results of the measurements 
The results of the measurements on about 2500 male patients in seven Dutch hospitals are given in 
table 1. 
The mean gonadal dose djj of each examination type (i) is indicated separately for each hospital 0) 
with the number of patients ny and the standard deviation sij of the doses. The X-ray departments 
of the hospitals have slightly different characters. They comprise one academic hospital, one milita
ry hospital ând five peripheral hospitals in different cities. The hospitals numbered 3 and 4 did not 
use lead shielding at all, while hospital 2 always used lead shielding for the examination types IVP, 
lumbo-sacral region, pelvis and hip. In hospital 5 an image intensifier was consistently used for 
examinations (fluoroscopy and radiography) of the lower gastro-intestinal tract. 
For each examination type and hospital the distribution of the measured doses proved to be log 
normal. An example is given in fig. 1 and 2. 
The standard deviation (sjj) is often larger than the mean dose (dy). Since the accuracy of each 
measured dose is better than 10 % (except of measurements at the edge of the direct beam where 
the localisation is uncertain) this standard deviation reflects the real difference between the 
individual doses. The relative standard deviation of the mean dose (dy) is 

Sjj. 100 ^ 

d i j ' V ^ 

and it is used to calculate an upper and lower confidence limit of the doses (95 % confidence) 
obtained in each hospital. 
The mean gonadal doses for one examination type differ significantly between the hospitals. 
Local circumstances influence the doses to a large extend. For each examination type (i) the 
mean dj of the doses dy obtained in the 7 hospitals is calculated, together with its standard 
deviation si. From table 1 we see that sj has the same order of magnitude as dj. 

Calculation of the GSD 

The measured gonadal doses make a reassessment of GSD possible. 
Our first measurements happened to be in the hospitals 3 and 4 where relatively high doses were 
obtained. Thes6 results gave us the impression that the doses of Penfil and Brown 3) are appropriate for 
the Netherlands. However, further measurements, performed in the other hospitals, make this con
clusions doubtful. It appears that the data out of a restricted number of hospitals are subject to 
such a large variation that this causes one of the major sources of^rror in the estimation of the 
GSD, as follows also from the calculated standard deviation sj of di. 
For the calculation of the GSD due to the examination of male patients we used the mean of the 
doses dij weighted according to the number of measurements performed in each hospital (see table 
2, column 3). The frequency of examinations of each type is taken from Beentjes and the child 
expectancy over 1971 is used. At the bottom of the table a correction of 10% per year for the 
increase of the number of examinations during the years 1967-1971 is given ^\ The resultant value 
of the GSD, 28 mrad, is subject to a large error for the following reasons, 
le. The influence of errors in the doses dij on the GSD is estimated with the 95% confidence 

limits of the mean doses. The deviations of the contribution to the GSD of the eight 
examination types proved to be plus or minus 36%. 

2e. A much larger error is to be expected due to the restricted number of hospitals used in the 
calculation, as is already mentioned. The standard deviation of the mean dj indicated that 
measurements in about hundred hospitals should be necessary to obtain this figure accurately, 
unless the hospitals can be classed into groups, for instance academic and peripheral hospitals. 
In order to study this point a calculation of the GSD was made with, for each examination 
type, the maxima and the minima of the mean doses dij found in all hospitals. The resultant 
GSD for the eight examination types was 19.8. and 1.2 mrad respectively for male patients 
over 1967. It seems unlikely that for male patients further dose measurements will lead to a 
higher GSD than 32 mrad over 1971, which is the maximum calculated in this way (table 2, 
column 4-7). 

3e. The frequency of examinations of each type is not precisely known and influences the GSD 
to a large extend. Beentjes calculated the GSD on the basis of frequencies found in six 
different districts. For each examination type the contribution to the GSD in the six districts 
varies with a standard deviation between 30 and 40%. 

We conclude that an estimate of the GSD for the whole country, obtained by multiplication 
of the mean doses with the mean number of examinations can lead to large errors. 
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Table 1. Gonadal doses of male patients per examination type (i) and hospital (j). Doses in mrad. 
djj = mean gonadal dose di = mean of the mean doses for examination type i 
Sjj = standard deviation sj = standard deviation of dj 
njj = number of patients 

Hospital no. 

1 

2 

3 

4 

5 

6 

7 

mean dj 

standard 
deviation sj 

number of 
measurements 
nj 

Intravenous 
pyelography 

djj 

228 
86 

1262 

1580 

322 

167 

205 

550 

606 

Sij 

346 

216 

2560 

1871 

670 

269 

416 

njj 

71 
238 

102 

64 

81 

83 

211 

850 

Lower gastro
intestinal tract 

dij 

761 

107 

367 

106 

48 

133 

59 

226 

259 

Sij 

1154 

104 

728 

71 

122 

44 

46 

nij 

15 

90 

134 

56 

35 

13 

5 

348 

Lumbosacral 
region 

dij 

204 
30 

1048 

460 

156 

36 

322 

388 

Sij 

324 

111 

855 

950 

279 

31 

"ij 

290 
127 

93 

33 

,18 

63 

624 

Abdomen 
(general) 

dij 

65 

136 

184 

58 

482 

164 

182 

156 

Sij 

164 

264 

350 

32 

421 

373 

nij 

45 

46 

17 

5 

12 

6 

131 

Pelvis 

dij 

893 

99 

807 

536 

377 

Sij 

901 

168 

797 

nij 

53 

8 

20 

101 

Hip 

dij 

36 

350 

347 

244 

180 

Sij 

24 

453 

636 

nij 

17 

5 

20 

42 

Femur 

dij 

560 

23 

113 

56 

188 

251 

Sij 

630 

36 

97 

61 

nij 

12 

6 

3 

3 

24 

Stomach 

dij 

6 

24 

24 

2 

4 

12 

11 

Sij 

5 

30 

28 

6 

7 

nij 

100 

9 

134 

70 

92 

405 



Table 2. Different estimations oi tne GSD over 197L-GSD in mrad per year, gonadal doses in mrad. 

Examination type. 

Hip 
Femur 
Pelvic region 
Lumbosacral region 
(lumbar spine and abdominal 
aortography included) 
Intravenous urography 
(retrograde urography and urethro 
cystography included) 
Abdomen (general) 
Lower gastrointestinal tract 
Stomach and duodenum 
(oesophagus included) 

Total 
Other examinations 
Total GSD for males 
Total GSD for females 

Total 
Total corrected for increase 
of number of examinations '67 - '71 

Measured gonadal doses 

mean doses 

Gonadal GSD 
dose 

223 0.27 
307 0.67 
793 2.91 
290 1.84 

411 1.43 

148 0.29 
229 0.49 

11.2 0.09 

7.99 
2.01 

10.00 
9.13 

19.13 
28 

set of highest 
doses 

Gonadal GSD 
dose 

350 0.43 
560 1.22 
893 3.27 

1048 6.69 

1580 5.51 

482 0.94 
761 1.63 

24 0.19 

19.88 
2.01 

21.89 

set of lowest 
doses 

Gonadal GSD 
dose 

36 0.044 
23 0.050 
99 0.363 
30 0.191 

86 0.299 

58 0.112 
48 0.102 

2 0.016 

1.177 
2.01 
3.19 

Gonadal doses 
of Penfil and 
Brown 3) 

Gonadal GSD 
dose 

1064 1.29 
96 0.21 

717 2.63 
2268 14.46 

2091 7.29 

254 0.49 
1585 3.39 

137 1.10 

30.86 
2.01 

32.87 
8.88 

41.75 
61 

Gonadal doses of Beekman 1) 

Gonadal GSD GSD 
dose child exp. '67 child exp. '71 

3323 4.06 4.04 
91 0.20 0.20 

157 0.58 0.58 
60 0.32 0.32 

640 2.11 2.10 

92 0.18 0.18 
45 0.10 0.10 
4.8 0.03 0.03 

7.58 7.55 
0.03 0.03 
7.61 7.58 

9.13 

16.71 
24 



4e. In our country the child expectancy is decreasing rapidly during the last years. In order to 
get an idea of the influence of this factor we made two calculations of the GSD (male 
patients), one with the child expectancy over 1967 and one over 1971. The estimations were 
calculated following the method of Beentjes; for both years the set of doses reported by 
Beekman and the frequency of examinations of Beentjes was used. Although there is a strong 
shift in the number of live births and child expectancy in all age classes (see table 3), the 
resultant differences in the calculated GSD are insignificant (7.58 and 7.55 mrad for male 
patients over 1967 and 1971 respectively). 

Table 3. 
Male child expectancy in the Netherlands 

age 

-0.75 -

C 
0 -

5 -

10 -

15 -

20 -

25 -

30 -

35 -

40 -

45 -

50 -

55 -

6C 

0 

4 
9 
14 
19 
24 
29 
34 

39 
44 
49 
54 
59 
+ 

1967 

2.644 

2.676 . 

2.720 

2.742 

2.748 

2.745 

2.564 

1.921 

1.080 

.494 

.186 

.056 

.014 

.002 

-

1971 

2.232 

2.255 

2.307 

2.314 

2.319 

2.309 

2.071 

1.405 

0.809 

0.294 

.100 

.028 

.005 

™ 

-

Deduced from tables of the Netherlands Central 
Bureau of Statistics. 

Conclusion 
In spite of 2500 gonadal dose measurements and intensive efforts to obtain the frequency of each 
type of examination per year the estimation of the GSD is still unreliable. Improvement is only 
possible if an appreciable number of measurements in many hospitals is available. Relatively large 
statistical errors in the dose measurements may be tolerated due to the large standard deviation in 
the dose distributions. In our country the rather important changes in child expectancy did not 
influence the GSD of the male patients significantly. 
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Fig. 1. Cumulative distribution of male gonadal doses from intravenous pyelography; hospital no. 3; djj = 1300 mrad; 
sij = 2600 mrad; median= 370 mrad; 102 patients. 
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Fig. 2. Cumulative distribution of male gonadal doses from intravenous pyelography; hospital no. 4; dij = 1048 mrad; 
Sij = 855 mrad; median = 1079 mrad; 93 patients. This examination type forms the unique exception on the 
log normal distribution fotmd in all other types. 
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THE ANNUAL GENETICALLY SIGNIFICANT DOSE 
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Abstract 

Thermoluminescent dosimeters (liF-teflon discs) were distributed to 
clinics and hospitals using X-rays for diagnostic pui'poses in Hsinchu 
which is a medium size city of Taiwan with a total population of 213ji735» 
The dosimeters were placed inside a small pocket stitched on a piece of 
cloth. Before irradiation the patient was covered with this cloth of 
which the location of the pocket was adjusted to be against the gonadal 
region of patient's body. 

The detailed record of the irradiation conditions and the status of 
patients were provided by the clinics and -hospitals concerned. -Dosimeters 
were replaced and read in a one-month interval. Based on the formula 
given by the United Nations Scientific Committee of the Effects of Atomic 
Radiation the annual genetically significant dose equivalent was calculated 
•with proper corrections for gonad dose of both sexes. 

Since one half of Taiwan population is living in the cities' nowadays, 
and survejs of medical radiation sources in Taiwan have been carried out 
twice since 1970, the annual genetically signi'ficant dose equivalent 
calculated for Hsinchu is extended to Taiwan urban population. It shows 
that the annual genetically significant dose equivalent of Taiwan uî ban 
population was in the range of 3 to 4 mî em in 1972. 

Introduction 

The hazard of radiation exposuî e of most concern has shifted from 
relatively high doses received by a few people to low doses received by 
a Idrge sdgment of the popu.lation. The diagnostic X-rays belong as a 
dontributor to the latter categoiy. This paper is concerned with dos'es 
from diagnostic X-ray received 'by gonads of the Hsinchu population during 
an eighii-month investigation period as recorded by thermoluminescent 
dosimeters. 

Hsinchu is a medium size city of Taiwan with' a total population of 
213^753 (1972 census). Of all inhabitants 113,921 are male and 99^S14 
are female. The medical radiation sources surveyed in 1'570 and again in 
1972 show that there are I5 diagnostic X-ray units in operation, i.e., 
70 X-ray -units per 10° population.-^ Of the I5 hospitals and clinics 
equipped -with diagnostic "X-ray units, only 5 major hospitals or clinics 
have frequent use of the eq-uipment. The other 10 hospitals and clinics 
have a few exposm^es taken eveiy yeai% Based on this information, the 
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major hospitals and clinics were chosen for this investigation and the 
characteristics of their X-ray units are shown in Table 1. 

Table 1. The Manufactiu'ers, Applied Voltages, and Beam Cui'rents 
of X-ray Units in Hsinchu Major Hospitals and Clinics. 

Hospital 
No. 

1 

2 

3 

4 

5 

Manufacturer 

Ai'oma 

Shimadzu 

Toshiba 

Toshiba 

Picker 

Filter 
(mm Al) 

2.0 

2.0 

2.5 

2.5 

2.5 

Radiography 
kVp mA sec 

95 300 0.1 

60 300 0.5 

100 500 0.05 

70 200 0.25 

75 100 0.05 

Fluorography 
kVp mA sec 

95 4 60 

60 2.5 ISO 

70 3 60 

70 2.5 120 

70 3 60 

Procedures 

The 13 mm diam. x 0.4 mm thick discs of LiF-Teflon of Teledyne Isotopes 
were used because of the consideration of the maximum sensitivity. The 
minimum dose defined as three times the standard deviation of the background 
is 15 mi-'ad. The tissue-equivalence of LiF-Teflon dosimeters enables mean
ingful estimates of dose in X-ray radiation from a single measm^ement of a 
dosimeter at the monitoring site. The response is independent of photon 
energy to within +30^ down to 20 keV. In addition the LiF-Teflon discs are 
unaffected by extremes of humidity and environmental tempeî atui'es which do 
exist in Taiwan. Readout LiF-Teflon discs was perfoi'med on Teledyne Isotopes 
Model 7100 TLD insti'ument. Nitrogen was supplied to suppress the spuî ious 
thermoluminescence dui'ing readout procedure. The standard deviation was 
about 3.6^. 

Two LiF-Teflon discs each were placed inside a small pocket stitched 
on a piece of cloth for radiography and fluorography, respectively. Before 
irradiation the patient was covered with .this cloth of which the location 
of the pocket was adjusted to be against his-her gonadal region. The 
detailed record of the irradiation conditions and the status of patients' 
were replaced and read in a one-«ionth interval. Table 2 present the results 
of an eight-*] onth investigation period in 1972. 
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Table 2. The Average Exposuî e per Capita due t'o Diagnostic X-rays 
Monitored with LiF-Teflon Discs at the Gonads. 

Month 

1 

2 

3-4 

5-6 

7-8 

Av€ 
i Tot 

Hosp i t a l 
No. 

1 

2 

3 

4 

5 I 
1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

srage or 
. a l 

mR/man-exposui"e | 
Radio- 1 
graphy 

28 

15 

16 

62 

25 

32 

78 

11 

7 

42 

23 

48 

38 

17 

37 

30 

46 

18 

22 

38 

25 

40 

32 

36 

1 °̂ 
1 32 

Fluoro-I 
graphy [ 

243 

303 

273 

242 

218 

233 

453 

363 

145 

414 

487 

212 

342 

320 

256 

285 

246 

381 

298 

240 

1 298 

Radiog 
Number of 
;raphy 

Age 
-=18 

11 

15 

10 

3 

5 

32 

12 

2 

1 

4 

65 

17 

4 

10 

1 ^̂  
25 

1 

9 

90 

30 

2 

4 

13 

448 

18-45 

141 

28 

17 

28 

46 

261 

36 

35 

103 

18 

476 

90 

24 

98 

77 

1101 

99 

5 

207 

68 

1320 

110 

30 

102 

86 

4606 

=-45 

31 

13 

42 

13 

5 

42 

27 

63 

24 

6 

67 

50 

81 

49 

22 

52 

75 

22 

82 

23 

48 

86 

88 

67 

31 

1109 

To ta l 

183 

56 

69 

44 

56 

335 

75 

100 

128 

28 

608 

157 

105 

151 

109 

1236 

199 

27 

290 

100 

1458 

226 

110 

173 

130 

6153 

Pa t i en t s 
Fluor0 graphy 

I^ 
•«18 

1 

1 

5 

2 

5 

1 

44 

1 

1 

1 

45 

1 

1 

46 

155 

[18-45 

2 

4 

7 

18 

2 

7 

13 

63 

3 

16 

34 

229 

2 

19 

54 

210 

3 

20 

51 

253 

1010 

=»45 

3 

4 

5 

14 

2 

9 

6 

5 

4 

15 

10 

56 

6 

7 

18 

61 

9 

8 

11 

61 

334 

To ta l 

6 

9 

12 

37 

6 

16 

19 

73 

7 

32 

44 

329 

9 

27 

73 

316 

13 

29 

62 

360 

1479 

1093 



The annual genetically significant dose equivalent to the population is 
a measure of the genetic significance of the yearly dose equivalent received 
by the population's reproductive organs (gonads). To calculate this dose 
eqtiivalent, one should consider the gonad dose and the future number of 
children expected by each member of the population as listed in Table 3. 

Table 3. Age-Group and Avei'age Expected Children Census 

Age 

0-18 years 

(M) 

(F) 

18-45 years 

(M) 

(F) 

a. 45 years 

(M) 

(F) 

Population {%) 

19.9 

18.4 

23.6 

21.7 

9.8 

6,6 

Average Expected Children 

4.00 

4.00 

2.30 

2.30 

0.015 

0.015 

Table 3 was taken from population and birth rates census dat: 
by the National Health Administration of Republic of China. 

I'e leased 

The genetically significant dose equivalent described here has the 
meaning as that given in the report of the IMSCEAR.^ The genetically s: 
icant dose equivalent can be calculated with the following formula; 

E \ i3^\^\^^ + N̂pŴ.f d?) jk_TkTk_jk^Tk_jk__jlL 

T(F)JF) \ (MriM) 

same 
.gnif-

D 
¥«J W,. + E k 'W ) 

(1) 

where 

D = annual genetically significant dose. 
Njk = number of individuals of age-class k, subjected to class 

j expoGuî Bj i . e . J ei ther radiographic or fluorographic X 
exposure. 

^k ~ t o t a l number of individuals of age-class k. 
Wjjj = futm'e number of children expected by an exposed individual 

of age-class k subsequent to a class j exposure. 
Wjj = futui^e number of children expected by an average individual 

of age-class k. 
dose per class j exposuî e of an individual of age-class H^ 

(F) 
(M) 

= gonad 
k. 

= female 
= male. 

Since the radiation levels and exposuî e frequency from diagnostic X-rays 
are qLiite low, the number of expected children will be the same for individ
uals after irradiation as it was before. Therefore, for the puî poses of these 
calculations W^j^ will be assumed to be the same as Wjj. 

For calculation of male and female gonadal dose, the correction factors 
K and K^ can be used, where 
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I^ = Depth dose at male gonads/skin exposuî e, 
Kf = Depth dose at female gonads/skin exposure. 

The central axis depth dose factors used to calculate depth dose to gonads 
from air dose were i^ = 72^ and % = 11^.^ 

Bulging the investigation period, it was assimied that the number of 
exposuî es taken was equal to the number of patients being examined. Accord
ing to the data provided by the hospitals and clinics, patients under age 
18 were less than 10^ of all patients concerned. Hence, it was assumed that 
the gonad dose was independent of age-class. 

Results and Discussion 

The gonad doses thus obtained were as follows: 
1. Radiography 

dyl = 3.52 mR 
d̂ ^̂  =23.04 mR 

2, Fluorography 
d^F) = 37.78 mR 
d(M) = 214.56 IDR 

For practical pui'poses, in X-ray diagnosis, an exposure of 1 R can be 
regai'ded as delivering to soft tissue a dose of 1 rad or a dose equivalent 
of 1 rem.^ The annual genetically significant dose equivalent in Hslnchu 
City diie to diagnostic X-ray only was 3.83 mî em in 1972. 

The major cities in Taiwan are Keelmag, Taipei, Taichung, Tainan, and 
Kaohsiung with a total population of 5j034i267 of which 2,683,264 are male 
and 2,351}003 are female. The number of diagnostic X-ray imits is known.-̂  
Based on the data suî veyed at Hsinchu City, it can be estimated that the 
annual genetically significant dose equivalent due to diagnostic X-î ays in 
major cities of Taiwan was 3.64 nâ em in 1972 while that of U.S.A. was 
5 mi'em. Since one half of Taiwan popu.lation is living in the cities nowadays, 
it is concluded that the annual genetically significant dose equivalent due 
to diagnostic X-rays of the Taiwan uî ban population was in the range of 3 to 
4 mî em in 1972. 
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Abstract 

Medical use of x ray continues to be the greatest manmade source 
of exposure to the United States population, in spite of substan
tial improvements in equipment and technique. Reduction of this 
exposure is possible through training and motivation of allied 
health professionals. 

In addition to proposed x-ray equipment standards and current up
grading of technologist proficiency criteria, increased involve
ment of health physicists is needed. This paper examines the role 
of health physicists in the health care environment, stressing 
their potential for effecting exposure reduction through close 
working relationships with allied health professionals. 

Health Physics emerged as a child of the nuclear age even before the 
first atomic bomb was exploded. As the use of atomic energy rapidly increased, 
so did the concern for the hazardous consequences of misuse and carelessness. 
Although the term Health Physicist may not have been used as it is today, 
scientists and engineers became increasingly involved in the problems of radi
ation protection and control. This was a logical development in view of the 
potentially high levels of radiation exposure to man, not only from the obvi
ous threat of nuclear warfare but also from the rapid increase in radiation 
use by industry and research. 

It is interesting to note, though, at the beginning of this nuclear age, 
medical radiation had already been in use for half a century, ever since 
Wilhelm Roentgen in 1895 accidently discovered the mysterious rays that could 
penetrate matter including human tissue, and despite the extensive use of medi
cal X rays for many years, only in the past few decades has there been an 
emerging medical specialization from the ranks of the radiation physicists. 
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In the scientific community, specifically that portion concerned with 
the uses of radiation, it is generally accepted that the medical and dental 
use of X rays constitutes the greatest single source of manmade radiation 
exposure to the general population. Yet, a relatively small percentage of 
the overall effort for safe, effective use of ionizing radiation is directed 
toward medical use. Since the Health Physicist has selected a profession 
which is dedicated to the prevention of unnecessary exposure to people, it 
follows that the Health Physicist would want to do something about the source 
of 90% of the manmade radiation exposure. In 1971, there were approximately 
3,000 members of the Health Physics Society. A statistical analysis of 2,862 
members was done from application form information. An Item asking for area 
of professional interest by first, second, and third choice resulted in the 
following figures: As a first choice, only 4.5% indicated the medical field, 
and ranked behind Health Physics (52.3%), Physics (8.7%), Biology (6.5%), 
Chemistry (5.7%), Engineering (4.8%), and other areas not specifically listed 
(6.07<,). Even as the second and third choice, medicine was only 5.4% and 5.9% 
respectively.'^ 

Dr. Dade Moeller, who conducted this analysis, offers this general com
ment: 

"It would appear that a Society with such a high percentage of 
members with undergraduate backgrounds in physics would have 
many of the qualifications necessary for making a major impact 
in the field of medical radiation physics and the control of 
associated x-ray exposures . This is particularly true in light 
of the fact that the Society has such a high percentage of 
people with Doctoral degrees (18%) of whom well over a fifth 
are medical doctors and dentists. Undoubtedly, the reason that 
the Society has not been more active in this field is that most 
graduate programs in radiation protection, as currently organized, 
simply do not offer the opportunity for Health Physicists to 
receive the specialized training required for professional work 
in Medical Physics."^ 

We would add that perhaps an equally important reason is a general lack 
of communication between the health physics profession in general and the 
majority of those scientists (be they Physicists, Physicians, Biologists or 
whatever) presently working primarily in the area of medical radiation. There 
is a need for greater awareness of and active involvement in medical radiation 
exposure problems by Health Physicists. 

A recent manpower study^ estimates that in 1971 there were approximately 
500 physicists working in the medical field and that double this amount would 
be required by the end of this decade. 

Considerable public awareness and concern has been generated regarding 
radiation pollution of the environment by nuclear power plants. Much effort 
and money has been spent in the analysis of real and potential hazards of 
radiition exposure from nuclear power. But how does this compare to medical 
radiation exposure? The following statements from a study by the National 
Academy of Sciences (BEIR Report) can give one an idea of the relative magni
tude of the two problem areas: 

"Based on experience to date and present engineering judgement, 
the contribution to radiation exposure averaged over the U . S . 
population from the developing nuclear power industry can remain 
less than about 1 mrem per year (about 1% of natural background) 
and the exposure of any individual kept to a small fraction of 
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background " [ P̂ ôvided certain controls are maintained. J 
[whereasJ "In the foreseeable future, the major contributors to 
radiation exposure of the population will continue to be natural 
background with an average whole body dose of about 100 mrem/year 
and medical applications which now contribute comparable exposures 
to various tissues of the body."^ 

We derive great benefit from medical radiation in terms of public health 
and therefore we accept a certain degree of risk. This is a reasonable argu
ment which will usually meet with little resistance and which is applicable to 
many areas of public concern such as the use of automobiles or the taking of 
drugs. The criteria, though, in each case, is to maintain an imbalance in the 
benefit/risk scale--that is, the benefits must outweigh the risks. There must 
be a constant effort to minimize the risks without adversely affecting the 
benefits . 

The increase in numbers, types and complexities of medical radiation 
procedures challenge's the allied health professionals just to keep pace with 
the medical and logistic considerations before one even considers the radia
tion protection problems which may be involved. We believe that increased 
efforts by Health Physicists who can develop good working relationships and 
communication lines with the medical professionals can further tip the scale 
to the benefit side. 

The benefits of medical radiation are well known and need no elabora
tion. But just what are the risks? The answer, of course, is unknown for a 
particular individual involved in a particular type of medical radiation pro
cedure. One can only talk about probabilities when large numbers of people 
are subjected to low levels of radiation, such as those used in the range of 
medical procedures. Even then, lack of sufficient human data precludes accu
rate predictions. 

The BEIR Report contains this consensus regarding risks from radiation: 

"Until recently, it has been taken for granted that genetic risks 
from exposure of populations to ionizing radiation near background 
levels were of much greater import than were somatic risks. How
ever, this assumption can no longer be made if linear non-threshold 
relationships are accepted as a basis for estimating cancer risks. 
Based on a knowledge of mechanisms (admittedly incomplete) it must 
be stated that tumor induction as a result of radiation injury to 
one or a few cells of the body cannot be excluded. Risk estimates 
have been made based on this premise and using linear extrapolation 
from the data from the A-bomb survivors of Hiroshima and Nagasaki, 
from certain groups of patients irradiated therapeutically, and from 
groups occupationally exposed. Such calculations based on these 
data from irradiated humans lead to the prediction that additional 
exposure of the U.S. population of 5 rem per 30 years could cause 
from roughly 3,000 to 15,000 cancer deaths annually, depending on 
the assumptions used in the calculations. The Committee considers 
the most likely estimate to be approximately 6,000 cancer deaths 
annually, an increase of about 2%, in the spontaneous cancer death 
rate which is an increase of about 0.3% in the overall death rate 
from all causes."•'• 

Adopting the assumption of linear relationship between dose and biolog
ical damage then, the prudent course is to minimize all unnecessary or unpro
ductive exposure. Two predominent types of unproductive radiation exposure in 
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the medical realm are radiation from procedures considered medically unneces
sary, as in the case of patient self-referral, and radiation from improper 
performance of equipment and/or operator. 

Both types of unproductive radiation exposure are sensitive and highly 
controversial issues that can be dealt with and eliminated without a decrease 
in medical benefit to the patient. 

The use of radiation in medicine is usually divided into three general 
categories: Diagnostic Radiology, Radiotherapy, and Nuclear Medicine. Refer
ence 3 indicates that Physicists working in medicine devote the greatest effort 
to Radiotherapy, with the remaining effort about equally divided between Diag
nostic Radiology and Nuclear Medicine. The remainder of this paper is concerned 
specifically with the area of Diagnostic Radiology. Diagnostic x rays involve 
the greatest segment of the population. 

Approximately one hundred and thirty million persons had one or more 
diagnostic x-ray examinations done in 1970* with an estimated 660 million 
radiographic films being taken. Data taken from the 1970 X-ray Exposure Study 
is now being compared with the earlier 1964 Study. Preliminary figures seem 
to indicate that average exposure to the population may have been reduced. 
It is comforting to know that progress has been made. However, we believe 
that much greater reduction is still possible. 

In the scope of a diagnostic x-ray examination, there are three main 
functions: 

1) selection of the patient 

2) performance of the examination 

3) interpretation of the results 

Health Physicists can, by active involvement, be the catalyst in improv
ing the use of medical radiation on the public. By investigating and analyzing 
uses and abuses of medical radiation in these three functions of an examination, 
physicists can and must take decisive action to influence changes as required 
to minimize exposure to the population. One of the immediate areas that 
requires change is the chest x-ray screening procedures for cardiopulmonary 
disease. As you well know, this method of screening has been used for many 
years. It has recently been clearly identified as a procedure that should not 
be done. In view of the undesirability of using radiation without clear evi
dence of significant benefit, the liaison committees of the American College 
of Radiology, the American College of Chest Physicians and the United States 
Public Health Service issued on February 18, 1972, a policy stating: 

"Community chest x-ray surveys among the general population as 
a screening procedure for the detection of tuberculosis, other 
pulmonary disease and heart disease are not productive and 
should not be done," 

With reference to the detection of tuberculosis, the policy states that 
chest x-ray examinations should be restricted to individuals evidencing a posi
tive reaction to the tuberculin skin test. Mass chest screening procedures 
should be eliminated also, because they are examples of the practice of patient 

-'Preliminary estimates from the U. S, Public Health 
Service 1970 X-ray Exposure Study. 
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self-referral, that is the patient himself, not a qualified physician, decides 
he should have an x-ray examination. This is undesirable because the physician 
is much more capable of weighing the benefits to be derived against potential 
risk. 

This policy statement has been effective in discontinuing mass screen
ing surveys in some areas, but has not completely eliminated the situation. 
Health Physicists should investigate the practices in their own areas and indiv
idually and through their societies make sure that the mobile chest vans are 
located in those areas only where there is the possibility of. high incidence 
of chest disease. 

Another area which should be given strong consideration by the physicists 
is the extensive use of pre-employment chest x rays. This again is the use of 
X rays primarily for the detection of tuberculosis and is used extensively as a 
prerequisite in hiring of food handlers. This is another situation where the 
X radiation is applied to people indiscriminately, many of them very young, 
without prescription by a physician. Although there is admittedly a higher 
risk of the spread of tuberculin infection through food handlers, the criterion 
for a chest x ray should still be a positive skin test. By coordinating their 
efforts the physicists can affect this situation by investigating the reasons 
for pre-employment chest x rays and suggesting methods that would obtain the 
same results but without the use of radiation. 

The second function of a diagnostic examination "performance of the 
examination" is where the scientific and technical knowledge of the Health 
Physicist can be put to very great use. The taking of a radiograph involves 
operation of complex equipment usually with many options and variables under 
the control of the operator. In many cases, although the operator may be 
knowledgeable and skilled in particular areas of health care, he or she may 
have little or no knowledge of the physical principles involved in the produc
tion of x radiation. If there is no real understanding of what happens when 
the button is pushed, this operator cannot effectively exercise the options 
available in order to obtain maximum benefit with the least radiation exposure 
to the patient. 

Health Physicists can improve this situation by exercising their role 
as teachers and educators. They should become an integral part of the education 
of all those who apply radiation to other humans. If greater awareness of and 
concern for radiation safety can be instilled at the grass roots level through 
teaching in the medical, dental, and x-ray technology schools, the more diffi
cult task of correcting poor practices can be considerably lessened. 

A similar issue that Health Physicists could become involved in is that 
of credentialling of operators of radiation emitting equipment. In the United 
States presently there are only 3 States that have mandates requiring the 
licensure of x-ray machine operators. Although the licensing procedures vary 
in these States, all of them require by law that operators meet certain minimum 
educational requirements and possess knowledge and skills required to deliver 
health care x-ray services with minimum amounts of radiation. Health Physicists 
can play an important role in this issue by becoming aware of the provisions 
in the licensure bills on the State and Federal levels and assume the responsi
bility to influence these bills with regard to reducing unnecessary exposure. 

The third function "interpretation of the results" - that is making a 
diagnosis from a radiograph - is the responsibility of the physician. However, 
the physician's interpretation is limited by the quality of the radiograph 
which he interprets. Proper performance of the operator and the equipment are 
essential to quality radiographs. It is true that one can use poor radiation 
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safety practices and still obtain diagnostically acceptable radiographs. How
ever, most methods used to minimize exposure will also improve the film quality. 
This is an Important fact which much be emphasized to the users of diagnostic 
X rays. A false assumption by many is that a reduction of exposure to the 
patient is automatically accompanied by a reduction in quality or diagnostic 
information on a radiograph. Here again, the Health Physicist through educa
tional methods, can help to modify such beliefs. 

We have talked primarily about exposure to the general population 
meaning the patients undergoing radiographic examinations. With the develop
ment of higher energy equipment and complex procedures which require both a 
large number of successive radiographs and the presence of greater numbers of 
health care specialists, occupational exposure becomes an increasing problem. 
In many of these procedures, serious medical conditions exist and far outweigh 
radiation exposure hazards to the patient. However, the health professionals 
who perform these procedures on a daily or weekly basis, can be subjected to 
extremely high exposures unless constant safeguards provided through innovative 
techniques, equipment modifications and procedural analyses are established and 
maintained. For the professional, the cost of the exposure would of course not 
be compensated for by the benefit of the treatment. 

A fourth area where Health Physicists may be very effective is in the 
area of assistance to the State and local radiation control programs. An effec
tive dialogue between the two groups can result in an interchange of experience 
which can lead to the effective solution of common problems and assist the 
local radiation control programs in broading their efforts beyond facility com
pliance with State codes . A mutual effort at working with users of medical 
X ray can lead to a significant reduction in the unnecessary exposure received 
by the population. 

The challenge is there. We believe that the Health Physicist with a 
desire to enter the medical field can meet it. He need only take heed of the 
following principles: 

1. Be sure that the problem being tackled is recognized as such by 
others involved, 

2. Try to find solutions to exposure problems which also improve 
the quality of the radiological service. 

3. Be sensitive to changes in attitudes of the medical profession 
toward recognizing the health benefits of improved radiological 
practices . 

4. Be persistent but not with the "hard sell" approach. 

In general, the medical profession is open to many changes in radio
logic practice, even more so when the changes result in meaningful improvements 
in the quality of the service they perform. Sell yourself as a service and 
making the changes which they recognize as valuable to their department will 
make the elimination of unnecessary exposure easier to achieve. 
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Abstract 

A two phase program designed to help control excessive radiation exposure 
in dental radiography is described and the results of a two state pilot test 
presented. The first phase is a data collection system for measurement of 
radiation exposure from dental x-ray machines and the identification of 
machines producing excessive exposures. It was found that 54% of the 
machines surveyed have outputs within "acceptable" exposure limits. Personal 
in office visits to the other 46% constitutes the second phase of the program. 
The cause of the excessive exposure was identified and proper radiographic 
techniques were presented. The result was a reduction of 80.4% in the average 
exposure at end of cone (mR/film), 

Introduction 

The Bureau of Radiological Health, FDA, in conjunction with the radiation 
control agencies of several States has developed and tested a program 
using thermoluminescent dosimeters (TLD's) to help control excessive radia
tion exposure in dental radiography. The magnitude of this problem has 
been discussed and documented in literature. The skin entrance exposure 
for the average adult dental bite-wing examination has been shoxsm to vary 
tremendously from facility to facility.1 The PHS X-ray Exposure Study of 
19702 indicated that dental exposures range from 20 to 13,000 mR even in 
facilities which comply with appropriate local State and federal radiation 
standards. These programs have traditionally been oriented to equipment 
and facility regulati'̂ a and reduction of occupational e3q)osure. As a 
result the user and his impact on the patient dose has not been directly 
affected. This program has been developed to deal directly with the user 
to improve his performance, and lower patient x-ray exposure. 

The program described in this paper has been designed for use by radiation 
control agencies and provides methodology for reducing population exposure 
from dental radiography to levels in accord with good radiographic technique. 
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This program consists of two phases: identification and action. The major 
enphasis of this discussion concerns the data collection system for measure
ment of radiation exposure from dental x-ray machines and the identification 
of machines producing excessive exposixres. An action program designed to 
reduce these excessive exposures will also be presented. The development of 
the system and the results of a pilot test in two states are presented. 

Methodology 

The thermoluminescent dosimeter in the form of lithium fluoride (LiF) chips 
has, in recent years, found many applications in the field of radiation 
measurement. This project was undertaken to determine the effectiveness 
of mailing TLD's in a data collection and screening system for dental x-ray 
exposures. Specifically we wished to determine whether the information 
collected by such a method could be used to determine and set priorities 
in such a way as to accomplish the greatest exposure reduction with the 
most efficient use of time and resources of state radiation control persomiel. 

Acceptable Dental Exposure Range 

As a first step in the development of this program, it was necessary to 
determine acceptable exposure levels for diagnostic dental radiographs. 
A search of the literature was conducted and a laboratory investigation 
performed to establish these levels. 

Travis and Hickey^ have empirically determined values for the exposure at 
the tip of the cone which are useful as a guide to the production of 
diagnostic quality dental radiographs. They reported a single tip of 
cone exposure value, capable of producing a diagnostic quality dental 
radiograph, for selected operating kVp values. 

It is known, however, that for a given kVp and properly filtered x-ray beam, 
there exists a range of tip of cone exposure values which produce radiographs 
of acceptable diagnostic quality. In order to determine this range, labora
tory studies were conducted on a dental phantom consisting of the mandibular 
and maxillary sections of a human skull imbedded in a transparent, non
granular plastic which has the same absoirption and secondary radiation-
emitting characteristics of living tissue. The part of the phantom that 
would correspond to the inside of the mouth was notched to accept a standard 
Cl-1/4" X 1-5/8") dental x-ray film positioned behind the teeth to represent 
the bite-wing examination. 

A series of radiographs were then produced at selected kVp settings.from 
45 to 90 kVp to represent the operating kVp found on most dental units in 
dental offices. The exposure range at each kVp setting was broad enough to 
produce films too light to be of diagnostic quality at the lower exposure 
and too dark to be of diagnostic quality at the upper exposure levels. The 
tip of cone exposure was measured using Harshaw LiF (TID-100) chips and 
read on an Eberline Model TLR'5 Reader. Exposure values were recorded for 
each radiograph. A panel of 24 dentists read these radiographs and selected 
those they felt were diagnostically acceptable. All radiographs were pro
duced using speed group "D" dental film and were processed using fresh 
solutions and the time and temperature developing technique recommended by 
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the film manufacturer. Speed group "D" film was used because of its wide 
acceptance by the Dental Profession, and its ability to produce high quality 
diagnostic radiographs at reduced patient exposure. Figure I illustrates 
the range of cone tip exposure that yields diagnostic radiographs as a 
function of operating kVp. The upper curve is the maximum exposure. With 
proper development, overexposure results in a black film and underexposure 
produces a film which is too light. Figure I clearly indicates that there is 
a finite exposure range which will produce dental radiographs of acceptable 
diagnostic quality^ 
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FIGURE ] DENTAL EXPOSURE RANGE TO PRODUCE 
RADIOGRAPHS OF DIAGNOSTIC QUALITY 

Identification Phase 

The program described in this paper was developed to answer two questions: 
1) how many dental x-ray machines used in the routine practice of dentistry 
fall within the acceptable exposure range; and 2) how can these specific 
machines producing excessive radiation output be efficiently identified so 
corrective action can be taken? To find the answers, Radiation Control 
Program Directors in two states, Rhode Island and New Hampshire, were 
invited to participate with the Northeastern Radiological Health Laboratory 
iii the development and testing of a dental inspection program which made use 
of a mailable card system to obtain cone tip exposures with thermoluminescent 
dosimeters, 

A 5" X 7" card (folded to 3-1/2" x 5") was designed to carry three TLD's. 
An identification number, such as the machine registration number, was written 
on the card before mailing to relate the exposure to a specific machine. 
A card was sent for each x-ray machine registered by the dentist in the 
participating states. Instructions and a sketch indicating how to properly 
make the end of cone exposure were printed on the card and spaces for the 
exposure data were provided. The data collected includes the radiographic 
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technique and film type noraially used. A cover letter of instructions was 
included briefly describing the program and inviting the dentist's parti
cipation. Upon receipt of the card, the dentist was requested to expose 
the TLD's attached to the card and return the card or cards, with TLD's 
still attached, in a self-addressed stamped envelope to the Health Depart
ment for reading and evaluation. For this pilot test all TLD's were read 
at the Northeastern Radiological Health Laboratory. 

Action Phase 

Once the dental exposures had been determined, an action program to correct 
deficiencies was begun. In this study, the individual State Radiological 
Health Program Directors identified the exposure level at which corrective 
action was to be taken, This action point could be a constant value for all 
operating kVp or a sliding scale depending on the exposure range required 
fox a given kVp, Any machine producing an exposure greater than required 
fm diagnostic radiographs based on the operating kVp could be visited. 
Priority in this system normally was given to those facilities having the 
potential for the greatest exposure reduction to the population. 

Field visits to offending x-ray units showed that the chief causes of 
excessive radiation are: 1) use of slow speed film; 2) overexposure and 
underdevelopment (sight development) of film; or 3) use of depleted devel
opers. During a field visit, the inspector identified the cause of the 
excessive exposure, informed the dentist of the problem and took the 
necessary corrective action. The success of this action phase of the 
program lay in the approach the inspector used during the visit. The 
dentist was- instructed in how to produce quality radiographs at lower 
patient exposure and was left with an improved radiograĵ hic technique. 

During the inspection visit the x-ray machine output was adjusted to produce 
an end of cone exposure which fell within the acceptable exposure range 
presented in Figure 1, The inspector made the necessary adjustments of the 
exposure time, x-ray tube current (mA), voltage (kVp), or installed 
additional aluminum filtration to obtain the required exposure. A 
recommended technique was left for each machine after it had been adjusted. 
The new technique would produce an acceptable radiograph for all common 
dental exams when processed in fresh developing solution at 68° for 5 
minutes. 

The value of the new technique was reinforced by asking the dentist to 
witness a demonstration. Two bite-wing radiographs were taken of the dental 
phantom; first using the equipment, exposure technique, film and processing 
technique routinely employed by the dentist; the second radiograph was made 
using speed group "D" film and the newly recommended exposure and processing 
techniques. Before the films were processed the dentist's darkroom was 
checked to insure that adequate conditions for film development were present. 
If not, the inspector would develop the film produced by the new technique, 
using fresh solutions in small portable developing tanks which he carried. 
The film which had been exposed using the pre-adjusted equipment and timer 
settings specified by the dentist, was developed according to the dentist's 
customary manner of development. The group "D" film taken with the correct 
exposure factors was developed by the time and temperature technique speci
fied by the manufacturer of the film. 
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Films exposed to the proper amount of radiation, as determined in Figure I, 
and developed according to the recommended time and temperature technique 
proved to be consistently superior to those improperly exposed and 
developed. The fact that the dentist could observe a film developed in his 
own facility which was of both low patient ejqjosure and good diagnostic 
quality, served to insure that the recommended techniques left by the 
inspector would be followed. 

Results 

The dental profession in the two pilot test States have responded enthusias
tically to this new program as indicated by both the number of cards returned 
and the active endorsement by the Dental Associations in both States. The 
return of the TLD cards ranged from 75% in New Hampshire with a modest 
follow-up effort, to 99% in Rhode Island with a comprehensive follow-up 
effort. The results from both States were compiled within a 3-month period. 

State Radiation Control Program Directors' acceptance of this program is 
primarily due to the ease and convenience with which it can be performed 
without significant increased cost of program personnel and time. 

Identification Phase 

The exposure data obtained by the cards was compared to the exposure ranges 
shown in Figure 1. Table I lists by operating kVp, the number of machines 
that fell within the exposure range prescribed. Fifty-four percent of the 
dental x-̂ ray machines surveyed in this two Sta.te pilot study had outputs which 
fell inside the acceptable range. Forty^six percent of the machines sur
veyed were found to produce excessive radiation and contribute to the 
unnecessary exposure of the population even though with few exceptions, 
these dental facilities comply with existing local. State, and Federal 
regulations. 

TABLE I 

Results of the TLD Card Survey of. Two States 

Operating 
kVp 

90+ 
70-89 
60-69 
50-59 

Action Phase 

Acceptable Range 
mR 

100-315 
115-330 
190-570 
250-800 

Total 

Total No. of 
of Machines 

Surveyed 

179 
152 
410 
93 
835 

Machines 
Inside Range 
No. % 

124 
92 
200 
37 
453 

69.3 
60.5 
48.8 
39.8 
54.3 

Machines 
Outside Range 
No, % 

55 
60 
210 
56 
381 

30.1 
39.5 
51.2 
60.2 
45.7 

The action phase of this program has been completed in New Hampshire, and 
the results are encouraging. The point at which action was initiated in 
New Hampshire was 800 mR. A total of 105 dental x-ray units were found to 
lie above this limit and were visited by inspection personnel. The average 
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exposure at end of cone, mR/film, was reduced by 80.4% for the x-ray machines 
visited during the action phase. A total of 269 dental x-ray machines were 
surveyed in the identification phase of the project in New Hampshire, the net 
reduction in the average exposure at end of cone, mR/film, for all of the 
machines involved in the study is a very respectable 56%. 

Conclusions 

The dental profession in the two pilot test States responded enthusiastically 
to this new program as indicated by both the number of cards returned and the 
endorsement by State Dental Association in both States. Radiation Control 
Program Directors' acceptance of a card system has been accomplished through 
the ease and convenience with which the program is conducted without signifi
cant increased cost of program personnel and time. Based upon the results of 
this pilot study it is estimated that one Radiological Health Specialist 
working one-̂ juarter time and one Secretary working one-half time can complete 
a lyOOO imit program in 3 months. The estimated cost of such a survey of 
1,000 imits is $4,50 per machine. This cost includes the purchase of all 
needed equipment, printing, postage and personnel. This cost would be 
greatly reduced in those States already having TLD capabilities. 

It has been demonstrated that TLD's sent through the mail can be used as 
effective screening devices to identify dental x-ray equipment producing 
excessive patient exposures. With this information. Radiation Control 
Agencies are able to plan their program efforts to lower exposure to the 
population from dental radiography according to a defined priority system. 
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NASHVILLE DENTAL X-RAY STUDY 

Orlen N. Johnson, D.D.S., C. Larry Crabtree, D.D.S., Division of Training 
and Medical Applications, Bureau of Radiological Health, 5600 Fishers Lane, 
Rockville, Maryland 20852; S. Julian Gibbs, Division of Radiation Therapy, 
Vanderbilt University, Nashville, Tennessee 37203. 

Division of Training and Medical Applications 
Dental Branch 

U.S. Department of Health, Education, and Welfare 
Public Health Service 

Food and Drug Administration 
Bureau of Radiological Health 

I. INTRODUCTION 

In January of 1972, personnel from the Bureau of Radiological Health, U.S. 
Public Health Service and members of the Department of Radiology, Vanderbilt 
University, met with representatives of the Nashville, Tennessee Dental Society 
to discuss dental radiological health practices. When comparing data from the 
1964 and 1970 National X-ray Exposure Studies (XES)-^'^ it was pointed out that 
the use of slow and intermediate speed dental film decreased substantially, yet 
the average incident skin exposure remained disproportionately high. In 1964 
about half of the dentists were using the slow and intermediate film (speed 
group A, B and C) and 50% were using fast film (speed group D). In 1970 only 
20% of the dentists used slow or intermediate film while 80% were using the 
fast film. However, the mean incident skin exposure in 1964 was 1,138 mR, 
whereas in 1970 it was 910 mR, a decrease of only 20%. 

The group raised the following questions: "What are dentists doing which con
tribute to overexposure of their films and their patients? Are they using good 
equipment, following recanraended procedures, and exercising good judgment? 
Furthermore, can the dentist be motivated to correct any deficient findings or 
improper radiographic practices through an educational approach?" 

In an effort to answer these questions, a pilot project was initiated by 
Vanderbilt University, under contract with the Rireau of Radiological Health, 
and in cooperation with the Nashville Dental Society. An effort would be made 
to test the effectiveness of a non-regulatory educational approach to dental 
x-ray exposure reduction. The primary objective of the project would be to 
motivate the participating dentist toward improved dental radiological prac
tices with emphasis on efficient and effective use of X-radiation. 
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The project was divided into three phases. Phase I was a detailed assessment 
of radiology practices and equipment in a random sample of private dental 
offices in the Nashville area. Phase II consisted of a continuing education 
program individualized to each office. Specific reccmmendations based on 
Phase I information were given to each participating dentist for modification 
of his x-ray equipment and radiology practices to achieve optimum diagnostic 
quality with minimum exposure. Phase III was a follow-up survey, one year 
after Phase II, to determine if this educational effort to improve radio
graphic practices was successful. 

Phases I and II of the project have been completed and are the subject of this 
report. Data are being further evaluated to develop a profile of dental radio 
graphic practices in Nashville, Such information will be useful in setting 
priorities for corrective action programs locally and possibly in indicating 
nationwide problems. A more complete report will be available from the Bureau 
of Radiological Health in the near future. 

II. METHODOLOGY - PHASE I 

Phase I consisted of a physical survey of 72 dental facilities selected at 
random from a total of 209 offices operated by 250 members of the Nashville 
Dental Society conducted during the summer of 1972. Offices having intraoral 
x-ray equipment were contacted by telephone and appointments were made. The 
surveyors were trained by members of the Radiology staff at Vanderbilt 
University and members of the Bureau of Radiological Health. The two man 
survey teams collected such information as: number of x-ray machines; cone 
types; speed of intraoral dental films; processing procedures; and, film 
mounting and viewing. Physical measurements were made of the beam size, 
filtrations exposure/film, and stability of the tube head. 

III. RESULTS AND DISCUSSION - PHASE I 

A total of 72 dental facilities were surveyed, involving 80 dentists and 110 
x-ray machines. The following tables show some of the more significant find
ings . 

Table 1. 

BEAM SIZE 

mcmS MACHINES 

2.0-2.4 15 
2.5-2.8 85 
2.9-3.1 8 
3.2+ 2 

TOTAL Hn" 

The beam diameter was measured by making an exposure on direct print paper. 
Results from Table 1. show 100 machines have a beam diameter of less than 
2.8 inches. Only 2 of the 110 machines had a beam diameter larger than the 
Tennessee State regulation of 3.0 inches. The largest beam diameter recorded 
was 3.4 inches. 
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Table 2. 

OPERATING kVP BY CALCULATED HVL (urn Al) 

HVL (mm Al) 
kVp Machines < 1.1 1.2-2.0 > 2.1 

< 50 1 -- -- 1 
50-70 75 3 47 25 
> 71 34 - 9 25 
TOTAL UU" "T SF 5T 

The operating kVp was determined by the setting on the dial of the x-ray 
machine used by the dentist for a periapical exposure. The half value layer 
(mm Al) was determined using the Organ Dose Index Syston-̂ . Table 2. shows 
that 76 machines operate up to 70 kVp and 34 machines operate over 70 kVp. 
Twelve of the 110 machines were deficient in filtration according to the 
proposed Federal Standards^. Three 50-70 kVp machines had a HVL of <_ 1.1 
mm Al and nine machines operating over 70 kVp only had a HVL of less than 
2.0 ran Al. 

Table 3. 

FILM SPEED - FACILITIES 

Speed Group 
B C D Unk. Total 

Periapical 1 2 71 -- 74* 
Interproximal 1 2 70 1 74* 

*Two facilities used two different film 
speeds, 

Table 3, shows that over 95% of the dental offices in Nashville are using 
speed group D dental film. This is considerably better than the national 
average of 80% as reported in the 1970 National X-ray Exposure Study. The 
two offices using speed group C film also used speed group D. 

Table 4. 

AVERAGE mR/FILM 

All 542 
Sight Develop 730 
Occ. Sight Develop 536 
Never Sight Develop 404 

The exposure per film at the end of the position indicating device (cone) was 
determined by making three exposures on low energy dosimeters using the Organ 
Dose Index System^. Table 4. shows the average incident skin exposure for all 
72 facilities was found to be only 542 mR. This is low compared to the 
national average and is to be expected when one considers the high percentage 
of dentists using the fast film. However, it was also noted that 43 of the 72 
offices sight-developed, 24 routinely. These "sight developing" dental offices 
are overe3q)Osii^ and underdeveloping dental films. Consequently, the average 
exposure per film was calculated for the sight developing offices, the occa
sional sight developing offices and the never sight developing offices. The 
results are seen in Table 4; sight developing offices 730 mR, occasional sight 
developing offices 536 mR, and the never sight developing offices only 404 mR. 
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This is felt to be significant because apparently by just properly exposing 
the film and changing the processing technique to one of time-tonperature, 
the sight developing dental office can reduce the exposure to its patients by 
at least 45%. 

Table 5. 

mR/FILM (INTERPROXIMAL) BY kVp 

mR/film 
55-200 
201-400 
401-600 
601-999 
1,000+ 
TOTAL 

Machines 
23 
37 
17 
15 
18 
110 

< 50 
__ 
--
--
--
1 
1 

50-60 
3 
__ 
--
1 
4 
"8 

61-T6 
10 
23 
10 
13 
11 

w 

> 70 
10 
14 
7 
1 
2 

M 

Table 5. is a cross tabulation of mR/film by kVp listed by x-ray machine. 
Seventy-seven of the 110 machines were producing an exposure of 600 mR or 
less. The exposures ranged from less than 100 mR to slightly over 2,500 mR. 
Although the average exposure was 542 mR, the median exposure was 404 mR. 
The kVp was determined by the setting on the dial of the x-ray machine used 
by the dentist for an interproximal exposure. Table 5. indicates that in 
general, the dentists operating higher kVp equipment are giving their patients 
less skin exposure than dentists using lower kVp techniques. It is well estab
lished that incident skin exposure increases as kilovolt peak is reduced, but 
it is not known exactly what the effect is on the integral absorbed dose to 
the patient. 

Table 6. 

POSITION INDICATING DEVICES (CONES) 

Type Machines 
PoiirteH ?S 
Open lined 50 
Open unlined 13 
Unknown 1 

TOTAL T W 

A breakdown of position indicating devices (cones) on equipment showed 46 
pointed cones; 50 open lead-lined cones; 13 open unlined cones; and 1 unknown. 
There is more scattered radiation associated with pointed cones than with open 
end cones. Tennessee State regulations require that after July 1, 1973, all 
x-ray apparatus designed for intraoral radiographic use shall be equipped with 
open end cones (cylinders). 
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Table 7. 

TUBE DRIFT AND VIBRATION 

Drift Vibration 
Machines Machines 

Yes 3? I? 
No 76 92 
TOTALS TIF ITIT 

Tube head drift was determined by fully extending the tube head and noting 
any drifting or pulling back of the head from its set position. Thirty-one 
percent demonstrated drifting. Drifting can cause inferior radiographs by 
cone cutting and/or inq)roper angulation of the primary beam. 

Vibration was determined by extending the tube head to near maximum and noting 
any vibrations. Sixteen percent of the tube heads vibrated. Excessive vibra
tion can cause increased penumbra and blurring of the radiograph. 

IV. CONCLUSIONS 

After analyzing the preceding data, one can conclude that in general the dental 
x-ray equipment in Nashville, Tennessee, meets recommended standards. Most 
dental 35-ray machines have properly collimated and filtered beams. Within the 
near future all dental x-ray equipment in Tennessee will have open end cones 
(cylinders). Almost all of the dentists are using the fastest speed film 
available. Yet the incident skin exposure is higher than necessary because 
the dentists fail to use proper processing techniques. Instead of overexposing 
films and using a sight developing technique, dentists should properly expose 
the films and use the recanmended time-temperature processing procedure. 

V. METHODOLOGY - PHASE II 

At the completion of Phase I, the results from each survey form were read and 
reviewed. Dental radiology experts from Vanderbilt University and the Bureau 
of Radiological Health took one facility at a time and in detail listed the 
deficiencies in the office on a Check List Form. Then recommendations were 
made for improving radiographic practice on a Reporting Form. The report also 
included the approximate cost involved to bring the facility up to the recom
mendations . 

Phase II consisted of a second visit to the dental office by a consulting team 
composed of one of the dental students and a dentist knowledgeable in dental 
radiology from Vanderbilt University or the Bureau of Radiological Health. As 
in Phase I, the telephone was used for making definite appointments. It was 
requested that the dentist and all his staff attend this meeting. 
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While in the dental office, the consulting teams performed the following: 
presented and reviewed the findings of the initial survey; disciossed the 
written recommendations for any changes to improve the dentist's radiographic 
practice and left a copy of the "Reporting Form" and "Survey Check List"; 
answered all questions from the facility personnel; gathered from the dentist 
certain judgmental factors, such as criteria and frequency for making examina
tions; collected missing or questionable information from the initial survey; 
and left with the dentist selected reprints and pan^hlets for future reference. 

Phase III was started in July of this year with a follow-up visit to the 
original 72 dental offices where the equipment was resurveyed. Analysis of 
the data will determine the effectiveness of the project in motivating the 
Nashville dentists to correct any machine deficiencies and to improve their 
radiographic practices. If the project proves successful, the Bureau may 
assist other interested dental societies, universities, and health agencies 
in implementing similar educational programs. 
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ABSORBED DOSE TO SELECTED INTERNAL ORGANS 

FROM TYPICAL DIAGNOSTIC EXPOSURES * 

J. W. Poston and G. G. Warner 
Health Physics Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Estimates of dose to internal organs from exposure to diagnostic x-ray 
beams are usually based on measurements of the entrance and exit dose and/or 
the use of depth dose curves for homogeneous media. This paper presents the 
results of a series of Monte Carlo calculations which mock-up typical diagnostic 
x-ray procedures. Results are presented for 22 internal organs as well as red 
and yellow bone marrow for two typical procedures. The calculations employ 
measured x-ray spectra from 45 kVp, 1-mm Al to 105 kVp, 2-mm Al and are for a 
field size of 14" x 17". In addition, depth dose profiles in various sections 
of the heterogeneous phantom are presented for each x-ray beam. 

Introduction 

It is well established that x-rays, particularly medical and dental x-rays, 

contribute the largest exposure to the population of any man-made source of 

ionizing radiation. The fundamental objective of the medical use of radiation 

is to obtain optimum diagnostic information with minimum exposure to the 

patient, and the radiological personnel concerned, and the general public. 

However, the problems posed when one attempts to estimate the doses received 

by various organs of the body from a medical exposure are among the most diffi

cult problems the radiological physicist must face. The geometrical complexities 

and inhomogeneities of the body and the various organs make experimental 

simulation of the human body extremely difficult and usually unsatisfactory. 

Monte Carlo techniques currently in use on high-speed digital computers 

have greatly facilitated the solution of these complex problems. These 

techniques have gained wide use in the field of radiation protection because 

the method allows one to perform an experiment by use of the computer. Many 

experimental arrangements and physical parameters, which can be described 

mathematically, can be operated on by the computer to produce the desired 

results. 

*Research sponsored by the U. S. Atomic Energy Commission under contract 
with the Union Carbide Corporation. 
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A Monte-Carlo-type computer program has been developed at the Oak Ridge 

National Laboratory, which can be used to estimate dose due to external photon 

beams typical of those employed in x-ray diagnosis. 

Description of the Study 

Two diagnostic x-ray procedures were simulated on a computer for these 

studies. Eight computer runs consisted of a set of exposures each of which 

simulated a chest x-ray and eight runs consisted of a set of exposures each 

of which simulated a G. I. x-ray. 

The target for these studies was an anthropomorphic phantom, which may 

be considered to be two coexistent phantoms. One is that of an adult human 

body and some of its internality. It has been variously described ,̂̂ ,̂ ,'*,̂  

and in its present form represents a worthwhile target for these studies. It 

contains 23 internal organs including gonads, lungs, and four parts of the 

G. I. tract; it has ten skeletal parts with provisions for red and yellow 

marrows; and there is skin and there is tissue which includes muscle. The 

bone marrow and the bone are mixed homogeneously in the skeleton of this 

phantom. 

The other phantom is called a geometric phantom. Whereas, in toto, it 

has the same outer dimensions and the same mass and composition of the human 

phantom, it is divided into dose regions by cutting planes and curves. For 

example, the trunk of the phantom has five layers, is divided into five con

centric cylinders, and is cut by four vertical cross planes. This results 

in 85 subregions in which depth dose may be determined. 

Both phantoms are heterogeneous by virtue of their composition which 

consists of 3 distinct media: tissue, lung, and bone with their concomitant 

densities and attenuation and absorption properties. 

Each of the 16 exposures consisted of a collimated 36 cm x 44 cm (14 x 

17 in) beam of 120,000 parallel photons incident on the posterior (P-A) of 

each phantom. In these calculations the source input was a set of eight 

measured x-ray energy spectra due to Epp and Weiss^ at the Sloan-Kettering 

Institute for Cancer Research in New York City. The spectra range from 45 kVp, 

1-mm Al filtration to 105 kVp, 2-mm Al filtration. The energy of each photon 

was determined from a normalized distribution of relative photon fluences 

per unit energy interval between 10 keV and 102 keV. Monte Carlo methods 

were used to follow the transport of each photon through the phantoms, deter

mining the scattering angles, absorption sites, etc., and permitting the 

estimates of absorbed dose in units of absorbed dose per unit incident exposure 

(rad/R). The absorbed dose was calculated in the internal organs of the 
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adult human phantom as well as in the volume elements of the geometric 

phantom. 

Depth dose distributions in the trunk for the simulated chest x-ray 

exposures are presented in Figure 1. These data are for 36 x 44 cm beams 

incident on the posterior of the phantom. Illustrated are the effects on 

dose of the reduction in average energy of the beams and the attenuation of 

the beams as they pass through the phantom. For the high energy beam, the 

dose from the back to front drops off by a factor of 10. For the low energy 

beam, it is reduced by a factor of about 130. The average dose in the first 

2 cm of tissue for the 105 kVp beam is 1.7 times higher than for the 45 

kVp beam. Near the exit surface the dose for the 105 kVp is 23 times higher 

than that for the 45 kVp beam. Data for the simulated G. I. exposure are 

similar in magnitude and ratio negating the necessity to discuss these 

results in detail. 

Often the radiologist uses the dose at 5 cm depth as an indicator of the 

average dose to the red bone marrow. Table I presents such a comparison of 

the data derived from the simulated chest exposures. The last column of the 

table is the ratio of the red bone marrow dose to the 5 cm depth dose and shows 

that the indicator mentioned above might lead to a 40% error. 

Figure 2 shows dose to selected organs for a simulated chest x-ray as a 

function of average beam energy. There appears to be three pairs of curves. 

The pair with the highest dose represents organs definitely within the beam. 

The next highest pair, the upper large intestine and the thyroid gland, re

presents organs outside but near the edge of the beam. The last pair repre

sents organs definitely outside the beam. 

Lowering the beam location to a position which simulates a G. I. 

exposure caused a 50% increase in the dose from the low energy beam and a 20% 

increase in dose from the high energy beam to the red bone marrow. This 

result is due to the exposure of the pelvis which contains about 32% of the 

red bone marrow and was outside the beam during the simulated chest exposure. 

The dose to other organs, such as the uterus and the upper and lower large 

intestine, was increased by at least a factor of three at this lower exposure. 

This study represents only a beginning in that it demonstrates the 

versatility of Monte Carlo techniques in the simulation of diagnostic pro

cedures. The computer programs used allow various source descriptions, such 

as point sources located at various source to skin distances, divergent beams, 

etc. In addition, the beam size, shape, and angle of incidence on the phan

tom may be specified. 
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TABLE I. Comparison of Average Absorbed Dose at 5 cm Depth to 

Average Absorbed Dose to Red Bone Marrow 

Avg. Beam 
Energy 
(keV) 

25.5 

29.1 

34.2 

37.1 

40.6 

43.4 

46.1 

49.3 

Avg. Dose at 5 cm 
in the Beam 

(rad/R) 

0.164 

0.303 

0.564 

0.707 

0.836 

0.944 

1.08 

1.18 

Depth Dose to Red 
Bone Marrow 

(rad/R) 

0.242 

0.343 

0.503 

0.573 

0.657 

0.696 

0.754 

0.805 

Ratio 

1.48 

1.13 

0.892 

0.810 

0.786 

0.737 

0.698 

0.682 
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HANDY DEVICE FOR PROTECTION OF 

THE TESTICLES IN X-RAY EXAMINATIONS 

Erik Lindholmer and 01e Berg 
X-Ray Dept. I, 

Bispebjerg Hospital, Copenhagen 
and 

State Institute of Radiation Hygiene, 
National Health Service of Denmark. 

Abstract 

We have modified the Picker lead plastic gonad capsule by mounting leaf 
springs in the two ducts along its opening slit, thus making it "selfsuppor
ting" and able to adjust itself to the scrotum so that the testicles are cove
red as completely as possible. 

Results are given of an investigation of the practical applicability and 
the shielding effect of the new device. 

It is demonstrated that the shielding effect of the modified Picker lead 
plastic gonad capsule is as good as that of the common two-piece lead capsule 
device. From a practical point of view it is far better, because it is easily 
applied and causes the patient no discomfort. 

Introduction 

It is generally admitted by now that the gonads in men in the reproductive 
age should be protected by shields of capsule type whenever X-ray examinations 
exposing areas close to the gonads to the primary beam are carried out, i.e. by 
shields which fit tightly around the scrotum in order that the testicles may be 
efficiently protected against primary radiation as well as against scattered 
radiation coming from the body volume exposed to the primary beam. Even so, it 
is our impression that this type of shielding of the gonads is used only rarely, 
at least in Denmark. The main reason is probably that application of the common 
two-piece lead capsule device in general is considered inconvenient in the rou
tine. 

Accordingly, we tried in 1970 to find other means of protection and chanc
ed to find a lead plastic gonad capsule produced by the firm Picker; it is pro
vided with a slit-formed opening the edges of which are in the form of two ducts. 
It was suggested that it might be desirable if the ducts were provided with leaf 
springs which tentatively were fitted in. The result was a capsule which for one 
thing remains in place automatically, no matter the patient's movements, second-
• ly it fits around the scrotum, its opening being the smallest possible. The ori
ginal Picker capsule and the modified type are illustrated in Fig. 1. The pro
blem of hygiene is solved by a disposable plastic bag which prior to each appli
cation is to be inserted into the capsule and turned over its edges. 

A few tests on patients showed beyond doubt that the new device was by far 
more convenient than the solid two-piece capsule and besides, the patients found 

Fig. 1. Picker's original lead plastic gonad capsule and the modified capsiile. 
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that they might easily apply it themselves. Thus, it seemed as if we actually 
had found a gonad shield which was more handy than the two-piece capsule and, 
in fact, everybody who at present have reported on the experience gained in the 
use of the new capsule have shared our opinion. Fig. 2 illustrates how patients 
in standing position manage to apply the capsule. 

Fig. 2. Patient demonstrating how to apply the modified gonad capsule. 

The question remained, however, whether the shielding effect of the new 
capsule was sufficiently satisfactory. Its lead equivalent is stated to be only 
0.5 mm in contrast to an equivalent of 1 mm in the case of the two-piece cap
sule made by Mavig and consequently, it provides less protection against the 
primary beam; on the other hand, the two-piece capsule must be assumed to pro
vide a less satisfactory protection against scattered radiation because its ope
ning around the scrotal basis is about 15 cm^ (large model) at optimal fitting 
while the new capsule leaves an opening of only 10-15 cm , dependent on the 
anatomy of the patient. The shielding effect of the new capsule was therefore 
tested, partly by measurements during urography of hospitalized patients and 
outpatients, partly by phantom-measurements. The new capsule was finally test
ed in practice, mainly in order to obtain an impression of the patients' capa
city to apply the capsule correctly. 

Dose Measurements on Patients 

In one series of patients the shielding effect was examined by measurement 
of doses accumulated during 10 routine urography examinations using no shiel
ding and during another 10 examinations using each of the following three types 
of shielding: common lead rubber sheet, Mavig's two-piece capsule, and the new 
capsule. LiF thermoluminescence dosimeters were used for the measurements; the 
results are recorded in Table 1. 

As regards the three groups in which shielding was used, a dosimeter was 
placed on top of the shielding device in addition to the gonad dosimeter on the 
scrotum; the former dosimeter recorded approximately the dose to be given to 

No. of urographies 

No. of films used 

Mean dose externally 
on shielding device 

Mean dose to gonads 

No shield 

10 

56 

(130) 

130 

Lead rubber 

10 

61 

380 

ko 

Mavig capsule 

10 

60 

130 

2k 

Modified Picker 
capsule 

10 

56 

85 
8 

Table 1. Mean gonad doses in mrad/urography with different types of shielding. 

1122 

( 



the gonads under the said conditions in the absence of shielding. 
It appears from the table that the dose to the gonads was remarkably low 

if the new capsule was used. Even though the measurements involve a high de
gree of uncertainty owing to the non-standardized experimental conditions, it 
gave us reason to believe that the shielding effect of the new capsule was suf
ficient . 

In order to obtain a further insight into the individual variations in do
ses, we continued our experiments in a minor series in which doses were measured 
separately during each urography, the latter including five exposures. The do
simeters were arranged as described above. The results appear from Table 2 and 
are to be interpreted to the effect that the two capsules are of equal value. 

The conclusion to be drawn on the basis of the two tests on patients is 
that our measurements during urography failed "co disclose any significant dif
ference in shielding effects of the two-piece capsule and the new lead plastic 
capsule. The tests are described in further detail in . 

Patient 

Dose externally on shield 

Gonad dose 

Mean dose to gonads 

Mavig capsule 

1 

138 

3i* 

2 

73 

21+ 

3 

108 

hi 

h 

125 

29 

5 

71 

ll+ 

6 

85 

35 

7 

Uo 
11+ 

28 

Modified Picker capsule 

8 

110 

23 

9 

35 

15 

10 

75 
8 

11 

170 

90 

12 

30 

12 

30 

Table 2. Individual gonad doses in mrad during 7 urographies using the Mavig 
two-piece capsule and during 5 urographies using the new capsule. 

Dose Measurements on Phantom 

Phantom-measurements were subsequently performed in order to determine the 
shielding effect under reproducible conditions. A therapy equipment with Grein-
acher coupling was used for the exposures. The Alderson-Rando phantom which for 
the occasion was provided with a gonad phantom is depicted in Fig. 3 in midline 
sectional view. 

Two LiF dosimeters were placed centrally in the gonad phantom. The thick
ness of the stalk of the latter, on which the size of the opening of the new 
capsule depends, was chosen at 20 mm, providing about the maximum size of ope
nings of capsules applied to patients, namely 15 cm2, and thus an opening simi
lar to that of the two-piece capsule. Owing to the construction of the Alderson-
Rando phantom, the opening of the capsules is unfortunately turned in the poste
rior-cranial direction and hence their orientation is not quite in agreement 

Field 1 
' |Fiald 2 
I .Field 3 

' 1 

\ 
i 1 
i 1 

J 
— 2-)-

1 
1 
-1 ~ 
3 » 

— 4—•—U-

• •—1-5 

1 

1 
1 
1 

1 
1 
J 
1 

Fig. 3. Phantom in midline sectional view. 
Caudal field edges are sketched in. 

Fig. 1+. Location of fields on the 
anterior surface of the phantom. 
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with that of capsules used on patients. A treatment applicator providing a field 
size of 17 X 25 cm on the anterior surface of the phanton was used at a distance 
of 70 cm from focus. The position of the fields used appears from Fig. k. 

At field 1, the gonad phantom is in the primary beam; as regards fields 
2-5, their caudal field edges are at distances of 2.5, 5, 7-5, and 12.5 cm, re
spectively, from a point centrally between the dosimeters. Doses were measured 
at 60, 90, and 120 kV (total filtration equivalent to 1+ mm Al). The results are 
recorded in Table 3, except the results obtained by common lead rubber sheet 
since these values, when outside the primary beam, were almost the same as those 
obtained without shielding. The doses are expressed in yrad/mAs at the given 
focus-skin distance. 

jField 1 1 

Field 2 1 

Field 3 

Field k 

Field 5 | 

60 kV 

J8200 

550 

270 

1 135 

1 32 

Wo shiel 
90 kV 

21000 

1900 

1050 

5U0 

155 

d 
120 kV 

38000 

3700 

2200 

1150 

350 

Mavig 
60 kV 

75 

72 

U8 

19 

3 

capsule 
90 kV 

350 

270 

230 

73 

20 

120 kV 

920 

570 

1+70 

200 

61 

MDdified Picker capsule 
60 kV [90 kV [ 120 kV 

1+2 

39 

1+3 

16 

3 

270 

165 

150 

71 

20 

700 

1+00 1 

350 1 

170 1 

50 1 

Table 3. Gonad doses in yrad/mAs measured on phantom. 

It will be noted that the shielding effect of the new capsule was not in 
any case found inferior to that of the two-piece capsule. It should be mention
ed that the results are impaired by some uncertainty because due regard has 
not been paid to the exact reproducibility of the orientation of the capsules. 
This may explain why the dose at 60 kV with the new capsule was found to be 
higher in fvield 3 (1+3 yrad/mAs) than in fields 1 and 2. 

The diagram in Fig. 5 illustrates the results obtained at 90 kV, including 
the results obtained by lead rubber sheet shielding. As mentioned, the shiel
ding effect of a lead rubber sheet against scattered radiation is seen to be 
almost negligible. 

5 4 3 2 1 0 \ 1" 2 3 4 5 6 7 8 9 10 11 12 13 14 
Distance from centre of gonad phantom to tlie caudal field edge, cm 

Fig. 5. Graphical representation of the results ob
tained by measurements on phantom at 90 kV. 

1124 



The results obtained by the Mavig two-piece capsule and recorded in Table 
. . . p 

3 have been compared with those of similar measurements performed by STIEVE 
in an autopsy series; The reduction factors in our series (ratio of dose mea
sured externally on the capsule to gonad dose) were generally found to be 2-3 
times higher than those reported by STIEA/E. According to our opinion, part of 
the explanation may be that, as already mentioned, the opening of the capsules 
in our phantom set-up is turned more backwards than is normally the case if 
they are used on patients. 

It is not easily comprehensible why the shielding effect of the new capsule 
appears to be superior to that of the two-piece capsule, taking into conside
ration that the lead equivalent of the latter is highest (l mm .versus 0.5 nun) 
and that the sizes of openings were almost identical during measurements on 
phantom. The explanation may be that the form and orientation of the openings 
of the two capsules have a marked influence on the amount of scattered radia
tion to pass through the opening and that doses contributed by radiation 
through the capsular walls at 0.5 and 1 mm lead equivalent are negligible as 
compared with the doses contributed by scattered radiation through the opening. 

Experience gained in Practice 

The results obtained by testings in practice of the new lead plastic cap
sule are discussed below. The main object was to learn how many patients would 
manage to apply the new capsule correctly on themselves. With this end in view, 
a brief, illustrated instruction was prepared. The tests were performed on out
patients who met for examination in a diagnostic X-ray hospital department 
throughout two months; it must be admitted that it proved impossible to include 
all patients who appeared during the said period, partly because one physician, 
always the same, had to be present and supervise that application was correct 
in all cases, partly because we were interested primarily in the applicability 
of the device among young patients. It must also be admitted that the patients 
were not selected at random in the statistical sense of the word since selec
tion was dependent on various practical circumstances. As the object of +'''e 
investigation merely was to obtain an impression of the applicability of the 
device, without aiming at a direct collation with other gonad shields, the bias 
thus introduced is hardly of any significance. 

A total of 1+6 patients received a lead plastic capsule - provided with a 
disposable plastic bag - and the written instruction immediately after they 
arrived in the changing room. Two or three minutes later, the examiner would 
appear and supervise that the capsule had been correctly applied. Thirty-one 
out of the 1+6 patients managed to apply the capsule completely correctly within 
the allowed interval of time. Seven patients found application rather difficult 
or they applied it slightly incorrectly which, however, had no essential influ
ence on its shielding effect. Application was unsuccessful in three cases, ei
ther because of some genito-anatomical deviations or because surgery recently 
had been performed on the scrotum; in two of these cases, the examiner managed 
to apply the capsules to the patients in supine position. Two elderly patients 
failed to apply the capsule because they had not brought their glasses and 
could not read the instruction. Three patients had applied the capsule in such 
a way that one testicle was above the opening although there was no anatomical 
explanation of the phenomenon. They were all able to apply the capsule correct
ly after they had been told of their mistake. Not a single patient refused to 
participate and all tried to apply the capsule (except the two patients who had 
not brought their glasses). Nobody found it inconveniencing to wear the capsule, 
and nobody complained of having found it too difficult to apply. It is our im
pression, however, that application might be facilitated in some cases if the 
capsule were a little larger, but if so, its capacity to remain in place might 
be reduced in other cases and thus, we cannot recommend any changes in size 
until further experiments have been carried out. Application may be facilita
ted if the scrotum and the disposable plastic bag are sprinkled with talc pow-
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der prior to application; it is not necessary, however, and was not done in any 
case in the present investigation. 

Thus, the result of the testings in practice was that about 80^ of the pa
tients (38 out of 1+6) managed personally to apply the capsule sufficiently cor
rectly. If the instruction could be revised on the basis of the experience gain
ed, the results would probably be better. 

Conclusion 

The new lead plastic capsule seems to fulfil all reasonable requirements 
to a gonad shield to be used by men and it fulfils also the first five out of 
the six requirements set up by STIEVE : (l) It must be suitable for all types 
of examination and hence, it must fit tightly around the scrotum; (2) The open
ing admitting the root of the scrotum must be as small as possible; (3) It must 
be easily applicable, preferably by the patient himself; (1+) It must be as 
small as possible; (5) It must be hygienic in use. The sixth requirement set up 
by STIEVE, namely that the gonad shield must attenuate primary radiation to 2^, 
is not fulfilled, however, since this would require a lead equivalent of 1 mm 
at 150 kV in stead of the 0.5 nrni in the lead rubber capsule. In consideration 
of the applicability of the capsule, it might be reasonable to be content with 
the 0.5 Dim which is apparent also from the results of measurements performed 
in the present investigation from which it may be inferred that the gonad dose 
contributed by primary radiation through the lead rubber wall, even at high 
voltages somewhat beyond 120 kVj is not of great consequence as compared with 
the dose inevitably contributed by scattered radiation through the capsular 
ppening. 

As already mentioned, it is our impression that gonad shields of capsule 
type are used only on too rare occasions during X-ray examinations of areas 
close to the gonads. We are of the opinion that one reason is that the hitherto 
used capsules are highly inconvenient in use and another that a certain sense 
of modesty may be in evidence. Such obstacles are apparently eliminated by the 
new capsule which patients may apply to themselves. Accordingly, there is no 
longer any excuse why an effective gonad protection should not be used in all 
cases in which areas close to the gonads in men in the reproductive age are 
exposed to the primary beam. In this context, X-r&j examination of areas close 
to the gonads refers to all types of X-ray examination in which the gonads ei
ther are in the primary beam or are less than about 10 cm from the edge of the 
beam. 
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ABSTRACT 

High resolution electronic radio
graphy has been developed for use 
in diagnostic radiographic and 
fluoroscopic procedures. These 
methods are being developed for 
IVP pelvimetry, intrauterine trans
fusions, gastrointestinal examin
ations,stereotaxic procedures, and 
selective catheterization. Pre
liminary clinical data show that 
dose reduction can range from 10 
to 10,000 times depending on the 
resolution requirements of the 
particular examination. 

I. INTRODUCTION 
The use of new electronic image 

amplifiers (1) television systems, 
and electronic recording devices 
represents a major advance in 
radiological techniques by allowing 
a significant reduction in radiation 
dose and an improvement in the 
diagnostic quality of images. The 
medical radiation dose in diagnostic 
procedures (2) has become of increas
ing concern as the result of mount
ing evidence for serious somatic 
effects of diagnostic x-rays such as 
an increased incidence of leukemia 
in young children whose mothers 
received diagnostic x-ray examinations 
during pregnancy,(3) as well as in
creasing evidence for a growing 
genetically significant dose from 
diagnostic procedures. Recent cal
culations have estimated that from 
3,000 to 6,000 cancer deaths annually 
are caused by exposure of the Ameri
can public to present levels of di
agnostic x-rays. In addition, ill 
health results from genetic damage 
caused by the exposure.(4) 

At resolutions adequate for most 
diagnostic purposes the amount of 
radiation required for radiography, 
even when utilizing the best inten-
sifier screens and fastest films, 
is far in excess of what would be 
required if x-ray quanta could be 
utilized as efficiently as in 
present electronic image intensifiers 

for fluoroscopy. This arises from the 
fact that although one or more grains 
are typically sensitized for each x-ray 
photon absorbed in the intensifying 
phosphor screen, the presence of un
avoidable fog at low densities causes 
these grains to be lost in the statis
tical fluctuations of the background 
grains. 

With a high gain x-ray phosphor 
and television camera system, a detect
able signal above noise can be produced 
for single x-ray quanta absorbed in 
the phosphor screen. This high 
efficiency of visible photon conver
sion in the photo-electric effect, 
amounting to as much as 65%, is con
stant for all fluxes of x-ray 
photons, independent of both of 
accumulated dose and does-rate, un
like the case of film where the 
quantum efficiency for visible 
photons is generally less than 0,1 
percent due to the inherent non-lin
earity of the photographic process 
since 5 to 10 visible-light 
photons must be absorbed by a 
given grain before it becomes de
velopable. 

Theoretical considerations and 
experimental evidence indicate that 
the ultimate limitations to the re
duction in x-ray dose set by quantum 
fluctuations of the x-ray flux permit 
substantial reductions far below the 
doses presently realized with films. 
Even at resolutions of about 4 Ip/mm 
and a contrast of 5 to 20% actually 
utilized in most clinical radiographs, 
significant dose reductions should be 
possible by the use of electronic 
radiography which maximizes the uti
lization of x-rays while minimizing 
the radiation exposure to the patient 
in diagnostic procedures. This method 
permits the radiologist to reduce the 
patient exposure depending on the 
resolution requirement of a partic
ular examination. With film rela
tively large dose are required to 
attain adequate densities which 
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reduces the image quality because of 
focal spot and motion blurring. In 
film radiography the inability to 
achieve short exposures with very 
small focal spots limits magnification 
techniques, as well as the "air-gap" 
technique. Contrast enhancement by 
the use of heavy selective filtration 
to produce monochromatic radiation 
from the continuous spectrum of x-rays 
is severely limited by the high 
radiation exposure required by film. 
All these limitations are reduced by 
the substitution of the more efficient 
electronic technique for recording 
radiographic images, improving the 
diagnostic value of radiograms 
beyond that possible with chemical 
photography. 

Basically, electronic radiography 
is an x-ray recording technique 
which involves the substitution of 
the highly effective photo-electric 
effect for the relatively inefficient 
photo-chemical effect taking place 
in film. 

Figure 1: Block Diagram of the 
Apparatus 

Electronic radiographs are recorded 
as follows (Figure 1). X-rays pro
duced in the usual manner are incident 
on the object, and those that pen
etrate impinge upon an x-ray lumin
escent phosphor screen of an x-ray 
image intensifier. Light emitted by 
the phosphor screen releases photo-
electrons from a thin photo-cathode 
in optical contact with the x-ray 
phosphor. The photo-electrons re
leased are accelerated by some 30,000 

volts and focused onto a small output 
phosphor where they give rise to a 
greatly brightened image which is 
viewed by a television camera. The 
optical image on the output phosphor 
of the intensifier is converted to 
an electronic charge pattern on the 
target of the camera tube. The 
charge pattern produced on the target 
is converted to a video-signal by 
means of a scanning electron beam and 
recorded in three alternative methods. 
(1) The electrical signal of one tel
evision frame or a series of frames 
may be recorded on a magnetic disc 
and then immediately replayed over a 
flicker-free frozen radiographic image 
for continuous viewing without 
appreciable deterioration. (2) The 
signal representing an individual 
farme may be recorded on a silicon 
image storage tube and immediately 
replayed over a TV monitor. However, 
this image gradually deteriorates 
and is completely erased after 5 to 
10 minutes of continuous viewing. (3) 
A single video frame or many frames 
may be photographed by camera focused 
on a remote television monitor. 

Systems incorporating these compo
nents have increased diagnostic infor
mation, reduced procedure time, de
creased patient trauma, reduced ra
diation dose and permitted new types 
of procedures to be undertaken. 
Electronic radiography is used in 
gastrointestinal examinations (5) 
selective catheterization'^) 
pelvimetry (7) and repair of intra 
cranial aneurysms and arteriovenous 
malformations^^). 

In addition to improving the image 
quality, electronic radiography elim
inates some other disadvantages of 
film radiography such as chemical 
processing time and expenses and 
permits a reduction of radiation 
exposure to the absolute minimum 
dictated by the quantum noise limit 
for the particular degree of detail 
and contrast needed for a given pur
pose. 

II. ELECTRONIC SPOT IMAGING 
FOR GASTROINTESTINAL FLUOROSCOPY 
We have developed a high resolution 

technique of electronic spot imaging, 
to replace standard spot-filming in 
gastrointestinal fluoroscopy. The 
system consists of a standard 
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fluoroscopic unit electronically 
interfaced to a magnetic disc 
recorder. Key components of the 
system are: (1) a small focal spot 
x-ray tube, (2) a Csl intensifier 
tube, (3) a Plumbicon television 
camera, and (4) a 400 track magnetic 
disc recorder. The principle of 
operation is the storage of single 
television fluoroscopic frames on 
individual tracks of a magnetic 
disc. Once recorded, the signals 
can be reviewed over a television 
monitor at the end of the examination 
and later photographed for a per
manent record. 

At the start of an examination 
the unit is placed in the fluoro-
record mode which allows monitoring 
of dynamic motion. A standard 
television fluoroscopic image is 
first generated by depressing a 
foot pedal. Further depression of 
the pedal closes a second switch 
which automatically boosts x-ray 
output, and records a single 
television fluoroscopic frame on 
the magnetic disc. In contrast to 
normal spot-filming this recording 
technique does not interrupt the 
fluoroscopic sequence and permits 
the fluoroscopist to monitor the 
patient continuously. At the ter
mination of an examination, the 
fluoroscopist can review the images 
by turning the hand switch to re
verse. Then, every time the foot 
pedal is depressed, the recording 
head of the disc recorder is moved 
one track in the reverse direction 
and the monitor displays a frozen 
radiograph previously recorded as a 
flicker-free electronic spot image. 
After arriving at the initial image 
of a given examination the fluoro
scopist by switching to the forward 
mode, may then leisurely study each 
image in the order that it was 
recorded. Image brightness and con-
tr;St can be adjusted on the tel-
ev sion monitor. After checking 
the recorded images for completeness, 
the fluoroscopist is ready to proceed 
with the next examination. At the 
end of a day's fluoroscopy, the disc 
recorder is moved to the reporting 
area, where corresponding radiographs 
are displayed. The electronic spot 
images and overhead films are then 

reviewed before rendering a final 
diagnostic report. Key electronic 
spot images are photographed to pro
vide a permanent record while allowing 
reuse of the magnetic disc. 

The radiation exposure for a single 
electronic spot image is about 1/50 
of that required for conventional 
film-screen cassettes and 1/5 of the 
requirement for 105mm. spot-filming 
respectively. The exact dose depends 
on the resolution and contrast re
quirements of the particular exam
ination. 

We have compared the electronic 
technique to 105mm. spot-filming 
with regard to diagnostic accuracy in 
a clinical study (Fig. 2,3). Small 
ulcers (l-5nm. in diameter), varices, 
colonic polyps, various diverticula 
and other pathology were readily 
diagnosed by both techniques. In a 
double blind study six radiologists 
independently arrived at diagnoses 
in 21 patients. Their interpreta
tions were then scored against 
those of tne fluoroscopist and eval
uated using the analysis of variance. 
The average correct scores were 76.5% 
and 75.5% for the electronic spot 
imaging and 105mm spot-filming 
methods respectively. Although both 
methods yield clinically acceptable 
results, we have found electronic 
spot imaging to be a more convenient 
technique of recording and reviewing 
fluoroscopic information. 

Figure 2: Electronic Spot Image of 
Splenic Flexure Taken During Double 
Contrast Barium Enema 
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Figure 3: Electronic Spot Image 
taken of Sigmoid Colon 
III. PELVIMETRY WITH SMALL RADIATION 

EXPOSURE 
The apparatus for polaroid tele

vision technique consists of a 
polaroid camera focused at a remote 
television monitor of a standard 
television fluoroscopic unit. The 
principle of the method is to photo
graph an entire fluoroscopic exposure 
on the polaroid film which is rapidly 
developed. Since television fluoro
scopic units have high gain image 
intensifiers and television cameras, 
the image produced on the television 
screen can easily be adjusted to be 
noise limited. Then, the radiation 
exposure to the patient would be re
duced to a minumum which is about 
1/100 of that for standard film 
radiography. 

The polaroid television technique 
is achievable with low-cost modifi
cation of most standard television 
fluoroscopic units. The polaroid 
image is obtained in the following 
sequence of operations: (1) the 
foot-pedal is compressed, initi
ating the x-ray exposure, (2) the 
camera shutter is manually opened for 
a 1/2 second exposure, (3) the 
camera shutter automatically closes, 
(4) the foot-pedal is released ter
minating the exposure, (5) the 
polaroid film is developed in 
15 seconds. 

Since in most television chains 
the automatic gain control built 
into the television camera keep the 
average video output constant, the 
image quantum noise can be varied by 
changing the KVp and ma setting in 
the fluoroscopic exposure. 
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In our technique which is 
adapted from the orthometric pelvimetry 
used with standard film, a radiopaque 
ruler is placed between the patient 
and the intensifier tube. The 
apparatus is positioned to be centered 
first on one and then the other side 
of the anatomical structures to be 
measured and a polaroid fluoroscopic 
television image is taken. Because 
the field size is small, the geomet
ric distortion is limited for each 
picture, and the radiation exposure 
is reduced from scattered radiation. 
The measurement of the pelvic inlet 
and mid-pelvis in lateral and AP 
views are obtained by imaging the 
ruler and the anatomical structure 
at their intersection and subtracting 
the two readings to obtain the distance 
of interest. 

The fluoroscopic apparatus was 
slightly modified to facilitate 
accurate and quick measurement of 
the pelvis. We developed a set of 
clamp on lights to act as a collimator 
during the orthometric pelvimetry. 
These lights which could easily be 
removed at the termination of the 
examination, were held in place by 
springs and by a permanent magnet. 
To support the radiopaque ruler for 
the pelvic measurements, a plastic 
table was positioned on the fluoro
scopic table top. 

In the clinical setting, the 
polaroid television images of the mid-
pelvis and pelvic inlet had adequate 
detail for the required calculations, 
(Fig. 4, 5). The average mid-pelvie 
radiation exposure to the mother in 
the direct beam is 1/100 of that for 
film cassett radiography while the 
fetal exposure is reduced another 
factor of 100. The fetal exposure 
reduction is a result of removing 
the fetus from the direct beam and 
from using a small field size of 4 cm 
X 4 cm which reduces the scattered 
radiation. By further reducing the 
field size to 2cm x 2cm for each 
polaroid image. We can further lower 
the exposure. Since the polaroid 
fluoroscopic television technique 
for pelvimetry is an inexpensive and 
simple method that gives adequate 
clinical data with a radiation 
exposure much reduced compared to 
standard radiography. 



Electronic radiography has been 
developed for neurosurgical procedures 
by coupling a two track magnetic disc 
recorder to a portable television 
fluoroscopic unit. The apparatus, 
enables rapid stereotaxic needle 
positioning for the treatment of 
intracranial aneurysms. 

In the clinical setting for the 
repair of the intra-cranial aneurysm, 
the C-arm was placed in the AP 
position centered over the approximate 
location of the aneurysm. First, the 
apparatus was switched into the "MAP" 
mode and an electronic angiogram 
showing the location of the aneurysm 
was made. Then with the apparatus 
switched into the mode "STORED + 
MAP" successive electronic images 
were taken showing the needle guide 
superimposed with the frozen 
image of the aneurysm as the guide was 
moved into position, (FIG. 6). 
After positioning had been completed, 
the stereotaxic needle was inserted 
through the skull into the aneurysm. 
To monitor this insertion, the 
apparatus was olaced in a lateral 
position and a new angiogram, taken 

in the MAP mode, was superimposed 
with the needle as it was advanced 
through the brain into the aneurysm 
using the FLUORO - MAP mode. Tissue 
adhesive was injected into the aneurysm 
via the needle. Using the FLUORO 
mode the extent of occlusion of the 
aneurysm was evaluated by injecting 
contrast material into the carotid 
artery to outline the vessel. 

The electronic technique permits 
successful localization and treatment 
of an intracranial aneurysm with 
procedure time and patient trauma 
markedly reduced compared to the 
traditional craniotomy. 

Figure 6: Electronic Radiograph 
of Stereotaxic Needle Guide 
Superimposed with the Electronic 
Angiogram of the Aneurysm 

The radiation dose to the patient 
for each electronic radiograph 
was 1/100 of that for one minute 
of continuous fluoroscopy. By 
superimposing single electronic 
radiographs on a stored map, the 
surgeon required only a few images, 
each of the order of a milliroentgen 
significantly reducing the radiation 
exposure to personnel in the 
operating room. 

V. SELECTIVE CATHETERIZATION 
By coupling a 150 track disc recorder 

to a plumbicon television fluoroscopic 
unit, we have developed electronic 
radiography for selective catheter
ization to reduce procedure time, 
radiation exposure, and the volume 
of injected radiopaque contrast 
material. There are three levels of 
refinement of electronic catheter
ization which can be applied 
depending on the degree of difficulty 
encountered in the procedure. These 
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methods have been clinically applied 
to selective catheterization of both 
neuro and visceral vessels. 
A. Individual Electronic Radiograph 

In this technique the angiographer 
takes a single electronic radiograph 
which he studies with the x-rays off 
to determine the amount and direction 
the catheter should be manipulated 
to achieve successful selective 
catheterization. These images 
showing the catheter relative to 
bony landmarks such as vertebrae 
and ribs substitute for live fluoro
scopy. The progress of the manip
ulated catheter can be recorded 
on successive electronic radiographs. 
B. Electronic Radiograph Guided 

by Map 
An electronic angiogram is 

recorded during an aortic injection 
of radiopaque contrast. The 
arterial map showing the aorta with 
the branch vessel is electronically 
combined with successive individual 
electronic images of the catheter 
and the combined image is displayed 
over the TV monitor. By studing 
the position of the catheter tip 
relative to the branch blood vessel, 
the angiographer can evaluate the 
amount and direction of repositioning 
required for successful selective 
catheterization. 
C. Arterial Map with Live Image 

Superimposed 
This method, as in the previous 

one, uses the electronic angiogram 
(arterial map) as a guide for 
selective catheterization. In this 
method however the live fluoroscopic 
image of the catheter is electronicall 
superimposed on the map. In a pre
liminary clinical trial in 20 
patients, the three variations 
described were found to simplify 
the procedure and reduce the 
radiation dose. By obviating the 
need for repeated test injections of 
radiopaque contrast, the electronic 
arterial maps greatly decreased the 
total amount of contrast injected 
during catheterization. By 
utilizing a series of images stored 
on a magnetic disc, electronic 
radiography replaces continuous 
live fluoroscopy by the production 
of electronic images requiring 
much less radiation than that for 

conventional fluoroscopy. This 
technique reduces procedure time, 
radiopaque contrast, and the 
radiation exposure. 
VI. CONCLUSION 

In the proper clinical setting 
electronic radiography will reduce 
the radiation exposure from 10 to 
10,000 times of that with standard 
techniques in diagnostic radiology. 
The principle advantages of this 
method are that the clinical 
information determines the level of 
radiation exposure required and as 
a consequence of the efficient use, 
of radiation various image enhancement 
techniques will yield a final 
electronic image with higher resolution 
and contrast than standard spot 
films in some cases. In addition 
to these advantages electronic 
radiography is convenient and opens 
the way for new treatment methods. 
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MEDICAL RADIATION PROTECTION IN THE EASTERN MEDITERRANEAN REGION 

G. Gomez-Crespo, Adviser on Radiation Health 
WHO Regional Office for the Americas 

and 
D.R.E. Ernborg, WHO Technical Officer 

Regional Office for the Eastern Mediterranean 

Abstract 

Six hundred and fifty diagnostic X-ray installations, representing over 50 
percent of the existing ones, were surveyed in sixteen countries of the Middle 
East in 1959/70. A number of technical and human deficiencies were observed. 
Sixty-five percent of the X-ray units surveyed lacked one or more of the 
following radiological safety features: Adequate filtration; beam no larger 
than needed to cover the X-ray film; adequate operators' protection; and 
adequate protection of neighbours and all other personnel. The measures taken 
to tackle these problems will be described. 

Introduction 

The Eastern Mediterranean Regional Office of WHO undertook early in 1969 to 
assist the X-ray departments in hospitals, and medical and dental departments in 
the countries of this Region in the evaluation and eventual improvement of the 
radiation safety of patients and of medical and auxiliary personnel exposed to 
ionizing radiation in the course of diagnostic or therapeutic procedures. 

From 14 February to 7 November 1969, the WHO Technical Offices in X-rays 
visited ten countries of the Eastern Mediterranean Region. 

During the stay in these countries he has visited 154 institutions which 
included medical schools, hospitals, cancer centres, tuberculosis clinics, den
tal schools, dentists, and private physicians (Table I); surveyed and measured 
field radiation levels on a total of 334 X-ray installations (Table II); in
structed and demonstrated practical means of reducing dose levels to 744 X-ray 
operators which included radiologists, physicists, and technicians (Table III); 
repaired, adjusted, and recalibrated approximately 50 X-ray units; instructed 
dark-room personnel on processing methods leading to improvement of film qual
ity; discussed with public health and hospital administrators the need for in
troducing radiation protection legislation and for establishing film-badge 
services; and at construction sites advised responsible authorities on the 
design and construction of adequate premises to accommodate new X-ray 
installations. 

Observations 

The main shortcomings observed were: 

2.1 human deficiencies 
2.2 technical deficiencies 
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2.1 Human Deficiencies 

The medical and para-medical personnel the Technical Officer normally met 
were (Table III) radiologists, radiation health physicists. X-ray engineers, and 
X-ray technicians. 

Of the 104 radiologists met, approximately forty were expatriate doctors 
employed on government contracts. It is difficult to estimate precisely the 
shortage of radiologists. It is likely however, that the number of radiologists 
required is twice the number presently available. 

In the ten countries visited, only five qualified radiation health physi
cists are available. No Information could be obtained on the number of health 
physicists undergoing training abroad. 

Radiological health inspectors do not exist in these countries. 

Only four x-ray engineers are employed by their respective governments in 
the ten countries visited by the WHO Technical Officer. A few commercial firms 
keep qualified engineers on their staff in a few countries. 

Training schools for X-ray technicians are operating in four of the coun
tries visited and an attempt at training assistant X-ray technicians is now 
starting in a fifth one. 

Approximately one third of the 634 X-ray technicians met have attended 
training courses varying in duration from six months to two years. As the di
agnostic radiology departments are heavily dependent on the activities of this 
category of personnel, at least twice the number presently available is required 
to adequately cope with the current workload. 

Low standards of exposure control and collimation were prevalent in the 
radiograms performed by technicians or non-radiologists. Considerable effort in 
im»proving this situation should be made and educational programs directed to 
this end are of great importance. Fluoroscopic examinations were often carried 
out by non-radiologists and even by X-ray technicians. Referring physicians 
often request radiological examinations without sufficient reasons, thus the 
yield in terms of diagnostic information is very little and patients are un
necessarily exposed to radiation. 

Where radiologists are not available and other medical officers must per
form radiological examinations, an adequate radiological training should be re
quired from them. 

2.2 Technical Deficiencies 

2.2.1 Radiological 

Sixty-five percent of the X-ray units surveyed lacked one or more of the 
following safety features: (Table IV) 

- adequate filtration 
- beam no larger than needed to cover the X-ray film 
- adequate operator's protection 
- adequate protection of neighbours and all other personnel (Table IV) 

A number of these defects were actually rectified in the course of the 
visit. In most cases this could be done at small cost. Only in a few cases did 
the Technical Officer advise to stop further operation of the X-ray units as the 
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defects were highly dangerous from the point of view of radiation and/or 
electrical safety. 

2.2.2 Electrical 

Approximately 40% of the X-ray units seen were connected to electrical 
mains supply which could not provide the requireci power. It was also noticed 
that the X-ray units were connected to the same lines as other high consumers of 
electricity (elevators, sterilizers, etc.) thus being subject to gross power 
fluctuations. Most of the electric outlets (plugs) in wards where portable 
units are connected (bedside radiography) lacked a proper earth wire, thus 
exposing operators and patients to electrical hazards. 

2.2.3 Dark Rooms 

About 40 to 50% of the dark rooms have serious defects. Among the most 
frequently seen: lack of ventilation, light leaks, unprotected electrical fix
tures, no safe-lights or incorrect filter used. Some do not have running water. 

More than 80% of the dark rooms lacked one or more of required accessories, 
i.e., thermometers, timers, driers. Damaged cassettes, intensifying screens, 
hangers were often seen. 

Discussion 

The analysis of the data contained in this report leads to some considera
tions on the adequacy of: 

1. Radiological Services (Table V) 
2. Radiation Protection (Tables IV, VI, VII) 

1. Radiological Services 

Table V shows in a very striking way the insufficiency of radiological 
services in the ten countries so far surveyed. 

There is an average of 72,000 people (range 11,250 to 317,000) for each 
diagnostic X-ray unit, as compared with 1,000 people/unit in the United States. 

The estimated average film consumption in the countries surveyed, 0.063 
films/person-year, represents only one-fortieth of the average film consumption 
in the U.S.A. (2.46 films/person-year). 

This should be kept in mind in order to place the radiation hazards to the 
population at large into a proper perspective. 

2. Radiation Protection 

We have seen in Table IV that only 48% of the operators and 58% of all 
other personnel occupationally exposed to ionizing radiation could be adequately 
protected by suitable structural or movable shielding, lead-glass screens, 
distance, etc. And yet only one-fourth of the operators (physicians, 
radiographers) in the ten countries surveyed (Table VI) are equipped with 
personnel monitoring devices. Since the number of people occupationally exposed 
(operators and all other personnel) is much larger, the personnel being 
monitored represents only a small proportion (perhaps less than 10%) of those 
exposed to ionizing radiation. In the U.S.A. about one-third of the personnel 
occupationally exposed are equipped with personnel monitoring devices. 
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Table VII pools the results of the survey of 334 installations in ten 
countries showing the percentage of units complying with some of the most essen
tial radiological safety features. 

Conclusions and Recommendations 

The insufficiency of radiological services both in personnel and equipment 
In some of the countries surveyed Is obvious. 

The careful study of this report leads to evident conclusions regarding 
some of the remedial measures that should be taken without delay. They are as 
follows: 

A. Stepping Up Training: 

1. Of radiologists and radiological physicists. 
2. Of X-ray technicians, through national courses. 
3. Of X-ray technician-tutors and of technicians specialized in the 

maintenance and repair of X-ray equipment. 
4. Of radiological health Inspectors. 

B. Promulgating Radiation Health Legislation: 

Empowering the Ministries of Health: 

1. To establish a system of registration, inspection, and licensing of 
X-ray, radioisotope teletherapy, and unsealed radioisotope sources 
and their users. 

2. To promulgate rules, codes of practice, and regulations for the safe 
use of radiation sources. 

C. Setting Up or Expanding National Services 

1. For monitoring of personnel occupationally exposed to ionizing 
radiation. 

2. For radiological health Inspections. 

TABLE I 

TYPE AND NUMBER OF INSTITUTIONS VISITED 

Country 

1) 
2) 
3) 
4) 
5) 

6) 
7) 
8) 
9) 
10) 

Total 

Private 
Physician 

_ 
-
-
-
10 

3 
-
-
2 
-

Dentist 

_ 
-
-
-
-

1 
-
-
2 
-

Hospital 

4 
7 
18 
6 
7 

23 
21 
15 
5 
12 

Tuber
culosis 
Clinic 

-
,1 
3 
2 
2 

1 
3 
4 
1 
2 

Total 

4 
8 
21 
8 
19 

27 
24 
19 
10 
14 

154 
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TABLE II 

TYPE OF INSTALLATION SURVEYED 

C o u n t r y 

1 ) 
2 ) 
3 ) 
4 ) 
5 ) 

6 ) 
7 ) 
8 ) 
9 ) 

1 0 ) 

T o t a l 

D e n t a l 

_ 
1 
1 
-
-

1 

— 
_ 
4 
2 

r 
F i x e d „ , 

„ J : F l u o r o . 
R a d . 1 

2 ' 

- 1 1 
6 ! 4 

1 
6 ' 4 

7 • -
7 ! 17 
2 ' 5 
2 1 1 

3 3 

T h e r a p y 

„ 

-
-
2 
4 

4 
2 
6 
2 
3 

r ' 1 

P o r t a b l e 

_ 
-

1 
2 
1 

-

7 
16 

4 
3 

P h o t o -
f l u o r o . 

2 
2 
3 
2 
2 

2 
2 

4 
1 

-

C o m b i n e d 
R a d . a n d 

F l u o r o . 

5 
7 

2 1 
9 

22 

38 
29 
2 3 

6 
14 

O t h e r 

-
-
1 
-

-
-
1 

-
1 

1 
T o t a l j 

i 
9 ^ 

1 1 ' 
36 ; 
17 
39 ! 

52 
64 
57 
20 
29 

3 3 4 

TABLE III 

C o u n t r y 

1 ) 

2 ) 
3 ) 
4 ) 
5 ) 

6 ) 

7 ) 
8 ) 
9 ) 

1 0 ) 

T o t a l 

R a d i o l o g i s t s 

1 
0 

12 ( f ) 
10 
15 

27 
14 
10 ( f ) 

6 

9 ( f ) 

1 0 4 

P h y s i c i s t s 

0 
0 
0 
2 
0 

1+1 WHO 

1 
0 
1 
0 

6 

X - r a y 
O p e r a t o r s 

22 
27 
79 
42 
92 

107 
120 

92 
30 
2 3 

1 634 

TABLE IV 

Country 

1) 
2) 
3) 
A) 
5) 

6) 
7) 
8) 
9) 

10) 

T o t a l 

A 

F i l t r a t i o n 
adequa te 

^es 

6 
3 

28 
9 

12 

20 
7 

13 
9 
9 

116 

No 

3 
8 
8 
8 

27 

31 
52 
44 
11 
20 

212 

% 
Compl. 

66.5 
27 
78 
53 
31 

39 
12 
23 
45 
31 

35 
(Av.) 

B 

Beam no l a r g e r 
than needed to 

cover 
X-ray f i lm 

Yes 

4 
6 

26 
9 

17 

39 
28 
27 
11 
15 

182 

Ho 

4 
5 
3 
2 

10 

6 
13 
13 

5 
3 

64 

% 
Compl. 

50 
54 .5 

89 
82 
63 

87 
68 
68 
69 
83 

74 
(Av.) 

C 

Opera to r can 
be a d e q u a t e l y 

p r o t e c t e d 

Yes 

6 
5 

24 
11 
21 

29 
29 
23 

6 
6 

160 

Ho 

3 
6 

12 
6 

18 

23 
35 
34 
14 

_23 

174 

% 
Compl. 

67 
45 
67 
65 
53 

56 
45 
40 
30 
21 

48 
(Av.) 

D 

A l l o t h e r p e r 
sonnel w i t h i n 

p e r m i s s i b l e 
l i m i t s 

Yes 

4 
3 

26 
16 
28 

47 
29 
12 
13 

5 

183 

No 

4 
8 

12 
1 
9 

4 
35 
38 

6 
24 

141 

% 
Compl. 

50 
27 

68.5 
94 
76 

92 
45 
33 

68.5 
17 

56 
(Av.) 

T o t a l 
u n i t s 

s u r 
veyed 

9 
11 
36 
17 
39 

52 
64 
57 
20 
29 

334 

% of u n i t s 
i n which 

one or 
more of 
A.B.C.D, 
f e a t u r e s 

were 
mi s s ing 

50 
73 
33 
47 
69 

61 
88 
77 
70 
83 

65 
(Av.) 
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RAnioi.oGicAL sr.Rvicns 

Country 

i ) 

2) 
3) 
4) 
5) 

6) 
7) 
8) 
9) 

10) 

Total 

USA 

Population 
(1) 

260,000 
2,755,000 

23,782,000 
2,251,000 
5,724,000 

2,588,000 
4,463,000 
1,675,000 

620,000 
5,100,000 

49,218,000 

200,000,000 

Estinatcd 
no. of 

diagnostic 
X-ray uni ts 

15 
20 
75 
20 
50 

230 
100 
100 

40 
35 

685 

206,560 
(3) 

Population 
per 

diagnostic 
X-ray unit 

17,333 
137,750 
317,093 
112,550 
114,430 

11,252 
44,630 
16,750 
15,500 

145,714 

71,851 
(Av.) 

970 
(Approx.) 

No. of 
physi
cians 

(2) 

117 
86 

320 
505 
978 

2,025 
666 
530 
460 

84 

5,771 

387,422 
(3) 

N'o. of 
physi

cians 
per X-ray 
unit e:c 

7.8 
4 . 3 
4 . 3 

25.0 
19.5 

8.8 
6 .7 
5 .3 

11.5 
2.4 

8.4 
(Av.) 

1.83 

No. of 
rad io l 
ogists 

1 
0 

12 
10 

15 

27 
14 
10 

6 
9 

104 

t.'o, of 
radiog
raphers 

22 
27 
79 
42 
92 

107 
120 

92 
30 
23 

634 

No. of 
opera

to r s / 
uni t 

g+h:c 

1.5 
1.3 
1.2 
2 . 6 
2 . 1 

0.58 
1.3 
1.0 
0 .9 
0.9 

1.08 
(AV.) 

1.5 
(3) 

estimated 
annual 

X-ray film 
consumption 

98,500 
171,500 
464,500 
182,750 
266,250 
574,250 
590,250 
519,500 
165,250 
30,500 

3,113,250 

506,000,000 
(4) 

Estimated 
no. fi lms/ 

person-
year 

0.378 
0.062 
0.019 
0.081 
0.046 
0.221 
0.132 
0.310 
0.266 
0.015 

0.063 

2.446 

(1) Demographic Yearbook, 1966, UN. 
(2) World Health Statistics Report, Vol. 21, No. 2-3, 1968, WHO. 
(3) Lawrence R. Fess, Summary of Diagnostic X-ray Statistics Relating Facilities, Equipment, and Person

nel by Healing Arts Professions, Radiological Health Data and Reports, Vol. 10, No. 9, Sept. 1969, 
pp. 379-380. 

(4) John H. Knoules, Radiology - A Case Study in Technology and Manpower, New England Journal of Medicine, 

280, 1271-1278, (19). 

TABLE VI 

PERSOIIHEL MONITORING 
(Film-Badges) 

Country 

1) 
2) 
3) 
A) 
5) 

6) 
7) 
8) 
9) 

10) 

Tota l 

Tota l No. of 
Operators 

23 
27 
91 
52 

107 

134 
134 
102 

36 
32 

738 

Personnel 
Monitored 

0 
0 

21 
52 

0 

68 
16 

6 
23 

2 

188 

% 

0 
0 

23 
100 ; 

0 

51 
12 

6 
63 

6 

26 

TABLE VII 

MAIN RADIOLOGICAL SAFETY FEATURES 

Pooled Results of Ten Countries 
(% Units Complying) 

Filtration adequate 35.4 

Beam no larger than needed to cover film 74 

Tube housing leakage within normal limits 100 

P 
w 

P̂  i Table top dose < 10 R/min 96 

Fluorescent screen interlocked with tube 91 

Fluoroscopic shutters adequate 92 

I Lead glass on fluorescent screen adequate 97 

Pi o 

M 
P-, 
O 

Operator can adequately be protected 48 

Exposure of all other personnel within 
permissible limits 56 
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SOURCES OF UHiJiiJGESSASY IRHADIAl'ION DUHING FLUOROSCOPY. 

W .T.Racoveanu, Georgeta Modoran and S.Suiaa 

(Institute of Hygiene and Public Health, Radiation Hygiene 
Laboratory, Dr.Leonte str. nr.l~3, Bucharest 15, Romania) 

Abs tr ac t 

544 gastrointestinal and 731 chest fluoroscopies perfor
med by 6 radiologists vrere investigated concerning : the dura
tion in time, the area exposed, magnitude of exposure in X-ray 
besim, the gonadal and bone maj?row dose. 

The patient exposure was found to depend on : l.mean time 
duration of the examination, which varied for the six different 
radiologists, from simple to double (from 169 to 259 sec. for 
gastroduodenal fluoroscopy, 48 to 8o sec. for intestinal, and 11 
to 52 sec. for chest fluoroscopies) ; 2. quality and exposure 
rate of primary beam (the exposure) rate ranged from 3 fco 12 R/ 
min.) ; 5« area exposed during fluoroscopy (cross-section of pri
mary beam varied from 26 to 23o cm2 for gastroduodenal, from 38 
to 383 cm'̂  for intestinal and from 47 to 49o cm2 for chest fluo
roscopy ; 4. the value dose area product proved to be the most 
interesting parameter, variations between 42o and 316o R.cm2 for 
gastroduodenal, 124 to 2o91 R.cm2 for intestinal and loo to 473 
R.cm2 for chest fluoroscopies were recorded, the corresponding 
integrated dose values were from 3*5 to 25.8 kg. rad for gastro
duodenal, from 4.0 to 15.6 kg. rad for intestinal and from o.8 
to 4.0 kg. rad for chest fluoroscopies. 

The diagnostic informations being practically the same, 
the variations of the operational parameters encountered to the 
six investigated radiologists, evinces the existence of at least 
three sources of unnecesaary irradiation : 1. the use of a too 
large beam (large surface and integrated dose) ; 2. the dose 
rate of primary beam too high ; 3^ too long time of irradiation; 
this situation maybe related to the know/ledge level of the ra-
(3iologist. 

1. Introduction 

Previous research has shovm that fluorescopic examina
tions rex)resent Lhe major contribution to medical irradiation of 
the population in Romania. Due to the great number of fluoros
copies performed in this country, over 3oo per looo inhabitants, 
instead of 8o-lio in other countries, we were interested in the 
assessment of the sources of unnecessajry irradiation during flu
oroscopies . 
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Fluoroscopy is a nonstandardizable type of X-ray examina
tion, its performance being entirely dependent on accuracy of the 
radiologist's knowledge and on the interest he pay, to the benefit 
vs.risk ratio. 

The higher benefit/risk ratio maybe obtained by performing 
the fluoroscopy in that way to find maximum of diagnostic infor
mation with minimum of irradiation dose to the patient. 

Oboectivatlon of sources which contribute to lowering the 
above mentioned ratio in view of their control is the main aim of 
this paper. 

2. Material and method 

Six radiologists working in three outpatient clinics in 
Bucharest were subjects of the present investigation. 

Measurements were done during 644 gastrointestinal and 731 
chest fluoroscopies concerning : 1. time duration j 2. cross-sec
tion of useful beam ; 3. dose area product ; 4. dose rate of X-ray 
machine ; 5« doses received by some tissues and organs (skin, bone 
marrow, gonads, thyroid, eyes, a.s.o.). Technical parameters (KV, 
mA) used by the radiologist were also recorded. 

For measurements we have used : 1. the Diamentor (PTW Py-
chlau) for dose area^product ; 2. the VA-J-15A Dosimeter (Vaku-
tronick) for dose rate ; 3. thermoluminiscent dosemeters TLD loo 
(readed at a 2ooo Harshaw apparatus) for tissue and organ dose. 
All dosemetric facilities were calibrated at the WHO-IAEA Regio
nal Reference Centre for Secondary Standard Radiation Dosimetry 
in Bucharest. 

3» Results and discussiona 

Table 1 is showing the mean values data obtained for g.i. 
fluoroscopies. 

Table 1. 

Time, dose, area product, exposed area, integrated dose 
and dose rate used by six radiologists in Bucharest during gastro
intestinal fluoroscopies (mean values). 

I . 

I I 

Upper f,. 
Time (s€ 
R.cm2 
cm2 
k g . r a d 

D r . P . 

, i . f luo roscopy : 
sconds) 82 .5 

1880.0 
21o.o 

15.0 
dose r a t e di/kin.) 7 .3-12 

.Lower g. , i , f l u o r o s c o p y : 
Time (seconds) 
R.cm2 
cm2 
k g . r a d 

51 .9 
2091.2 

383.2 
3.9 

R a d i o l o g i s t 
Dr.G. 

212.3 
3150.0 

95.0 
2 5 . 8 

l o . 6-11.3 

•-> 
«. 
-
mm 

Dr. I . 

161.8 
1300,0 
220.0 

I 0 . 4 
3 . 0 

4 8 . 1 
556.9 
337.5 

4 . 5 

Dr.L. 

258.8 
2430.0 

230.0 
19 .3 

3 . 0 

6 4 . 1 
735.7 
222.8 

5 , 0 

Dr.T . 

206.2 
900.0 

53.0 
7 . 4 

D r . a 

194.7 
420.0 

26.0 
3.5 

5.0-8.2 

79.8 
480.6 

67.7 
3.1 

^ .9 
124.1 
37.6 

0.8 
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Data obtained for chest fluoroscopies ajse shown in table 2. 
Table 2 . 

Time, dose, area product, exposed area, integrated dose 
and dose rate used by six radiologists in Bucharest during chest 
fluoroscopies (mean values). 

Dr.P. 

Time (seconds) 11.2 
R.cm2 473.2 
cm2 490.0 
kg.rad 3.9 
dose rate(R/MIli) 5.2 

Dr.G. 

27.3 
432.0 
122.8 

3.5 
7.7 

Dr. I . 

42.8 
356.0 
3o2.4 

2 .9 
1.6 

Radiolog 
Dr.L. 

62.4 
494.0 
363.9 

4.0 
1.6 

isfc 
Dr.T. 

54.3 
371.0 

83.6 
3 . 1 
4 . 7 

Dr.S. 

25.4 
99.7 
47.1 

0 .8 
5.0 

Both tables 1 an.d 2 are displaying the same phenomenon -
the irradiation of the patient during g.i. and chest fluoroscopy 
is due mainly to cross-section of useful beam and not to the in
tensity and quality of the beam used. 

If we compare, for the six radiologists we have studied, 
the dose area product, exposed aJ?ea and integrated dose with time 
and dose rate the above mentioned phenomenon becomes more evident. 

For g.i. and chest fluoroscopies the differences between 
maximum and minimum values for dose area product, exposed area, 
integrated dose, time and dose rate are the following : 

dose.aj?ea product 
(R.cm2) 

exposed area 
(cm2) 

integrated dose 
(kg.rad) 

time 
(seconds ) 

dose rate 
(R/min.) 

upper g.i. 
42o to 3I60 

7.9 
25 to 230 

8.8 

3.5 to 26,8 

82.5 to 258.8 
3.1 

3.0 to 12.0 
4,0 

lower g.i. 

124 to 2091 
16.9 

37.6 to 383.2 
I0.2 

0.8 to 5.0 
7.5 

35.9 to 64.1 
1.7 

chest 

99.7 to 494 
4.9 

47.1 to 490 
I0.4 

0.8 to 4.0 
5.0 

11.2 to 521 
5.6 

1.6 to 1,"^ 
4.8 

From the above figures results that the greatest diffe
rence bet?/een minimum and maximum mean values obtained for the 
six radiologists was that of exposed area. An order of magnitude 
is separing the minimum and maximum values for the above mentio
ned parameter both in g.i. and chest fluoroscopy. 

The dose.area product which reflect not only the cross-
section but also the intensity of the primary beam is also very 
relevant about the unnecessajry exposure of patient. For lower g.i. 
fluoroscopy expecially dr.S. has obtained the diagnostic infor
mation with l/17th pax't of the roentgen area product used by dr. 
P. Concerning upper g.i. and chest fiuoi'osGopies the differences 
are smaller but still important (1/8 and 1/5). 

Integrated dose, measuring the true tissue dose, is much 
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more important from the radiological point of view. This parame
ter also reveals differences between absorbed dose in patient of 
5 fold in chest fluoroscopy and 7*7 or ^*^ in upper and lower g. 
i. fluoroscopy. 

By comparison the differences concerning the duration of 
procedures were only I.7 to 5.6 fold and the dose rate of pri
mary beam 4,o - 4.8 fold. 

Data above discussed are consistent in showing that the 
main sources of unnecessary irradiation of the patient during 
fluoroscopy are the following, in order of their importance : 

1,- the cross-section of the primary beam-expressed in our 
study as the exposed axea of the patient ; 

2,- the intensity of the primary beam ; use of higher m . 
values produces, togheter with larger beam, greater dose.area 
products and integrated dose values ; 

3.- the duration of exposure, which results from the fact 
that the radiologist try to obtain as many information is possi
ble from fluoroscopy and not from combiniaag the use of fluoros
copy and radiography, 

A realistic programme for control of unnecessary irradia
tion during fluoroscopy requires the improvement of the knowledge 
of radiologists concerning : 

a) - use of smallest possible cross-section of primary 
beam during fluoroscopy except for a very brief initial general 
view ; 

b) - decrease of intensity of tube current and increase of 
KVp in view of obtaining the lowest dose rate for the useful beam; 

c) - take of radiographs during fluoroscopy in cases which 
are not cle r enough on fluoroscopic screen avoiding the prolon
gation of the patient exposure. 

As dose.area product and integrated dose are also a mea
sure of the irradiation received by the radiosensitive tissues 
and organs (bone marrow, gonads, a.s.o.) the significance of 
these parameters from the viewpoint of radiation protection is 
highly relevant. The decrease in roentgen.area product and kg.rad 
values have a real value in control of unnecdssajry irradiation du
ring radiological diagnostic procedures. 
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MEDICAL IRRADIATION OF THE POPULATION IN ROMANIA 
DURING 1970 

N.T.Racoveanu, Cornelia Diaconescu, Georgeta Modoran 
Corina Vasilescu-Pulea, P.Plavosin and C.G.Milu 

(Institute of Hygiene and Public Health,Bucharest-Romania) 

Abstract 

X-ray examinations have increased in Romania between 1953-
1970 from 429 to 1,012 per lo3 inhabitants, photofluorographies 
(54 to 452) and radiographies (37 to 238) being developed while 
radioscopies remained at the same level (358 and 322). 

Age group 15 to 30 and over 3I years are the most X-rayed 
averaging 1.22 examinations/inhab./year. Males are predominante-
ly investigated at all ages and the most frequent examinations 
concern the chest, G.I.tract, upper and lower members, vertebral 
column, pelvis, teeth, a.s.o. 

lere cuiculated for 1970 the genetically significant dose 
and the mean bone marrow dose, the value obtained been 28.5 and 
382 mrad respective. Radiographies of the addominal and lumbar 
regions in female had the main contribution to genetically sig
nificant dose and the G.I.series, chest fluoroscopies and pho
tof luorographies to mean bone marrow dose. 

1. Introduction 

Medical use of ionizing radiations is still the major 
source of artificial irradiation of the population throughout 
the Vi/orld. 

The present work has attempted to estimate population's 
genetically significant dose and mean bone marrow dose due to 
medical irradiation in Romania. 

2.Increase of the X-ray diagnostic procedures in Romania 

Statistical records concerning all medical activities were 
developed in Romania and since 1953 we have yearly data refering 
X-ray procedures in all medical units throughout the country. 

The data show the fact chat radiographies and photofluo
rographies have increased 5,4 and 8,4 times during the last 18 
years; at the same time radioscopies have increased very slowly 
until 1954 and are decreasing after that year. 

3. Distribution of X-ray diagnostic procedures. 

Using data recorded during 197© by 98 different X-ray di
agnosis departments througnt the country we have established on 
145,525 radioscopies, 115,271 radiographies and 231,800 photo-
fluoroscopies the distribution of X-ray procedures on: sex, age 
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group (o-15,16-3o and over 31 years) and body area exposed. The 
result of tne examination coded as positive and negative was al
so mentioned. 

Due to the shortage of space we are obliged to present 
only in a very condensed form tnese results. 

The number of examinations per person in total population 
were as follows : 

- up to 15 years - boys 0.50 examinations 
- girls 0.48 examinations 

- between 15-3© years - male 1.35 examinations 
- female l.o9 examinations 

- more than 31 years - mal^ 1.27 examinations 
- female 1.17 examinations 

Data show that the age group I6-30 years, whicn is very 
interesting from the point of view of genetically significant 
radiation dose, performes an increased number of examinations, 
especially the men, fact which must be taken into account in any 
programme of reduction of medical irradiation. 

4. Exposure of patient during the radiological 
examinations 

The exposure received by the patients was determinated by 
direct measurements on the patient during different kind of exa
minations, using pocket ionization chambers and TLD-loo Harshaw 
dosimeters. 

The measurements were performed in 62 medical X-ray diag
nosis units, during 5,37© radiographies, 8,75© radioscopies and 
9,37© photofluorographies. 

The dosimeters were calibrated in the energy range from 
50 KVp (0.055 mm Cu HVL) to 12o KVp (o.4oo mm Cu HVL) at the V/HO 
IAEA Regional Reference Centre for Secondary Standard Radiation 
Dosimetry in Bucharest. 

Tne measurements of the exposure received by patients du
ring X-ray examinations were done by positioning tne dosimeters 
at several points on tne surface of the body. The points for go 
nadal dose determinations were the anterior and posterior pro
jections of the ovary on the skin in female and testes in male. 
Bone marrow determinations were done at the most important ske
letal part with red bone marrow, in the vicinity or directly in 
the primary beam. Tne values obtained in such a way are skin 
doses and we used during the calculation a correction factor of 
0.3 (experimentally determinated) for the true bone marrow dose 
(table 2). 

For a realistic estimation of patient aose during radio
scopies, the average time duration of radioscopies measured du
ring our field investigations was used : b8% of cnest fluorosco
pies were until 3© seconds and 11% over 60 sec., as for G.I. 
fluoroscopies 41% were until bo sec., 54% between bo-24o sec. 
and 5% more than 24o sec. 

5. Genetically significant dose 

The following simplified equation for tne genetically sig
nificant dose (GSD) was used (see also reference 1) : 
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GSD 

wnez-e : 
D.= mean g o n a d a l dose from c u r t a i n t y p e of e x a m i n a t i o n 

"'• r e c u i v e a by a p a t i e n t of age groujj " i " ; 
N.= number of j ^ e r s o n s of agy g roup " i " wno were exposed t o 

t n e S j j e c i f i e d t y p e of e x a m i n a t i o n d u r i n g 1970 j 
P . = e x p c c c e d numbur of c n i l a r c n p e r j j e i s o n of ago groUj.j 

" i " and m u n t i o n a t o d s e x ; 

N.= number of p o i s o n s of ago group " i " c^na m u n t i ^ n a t e a 
s e x i n tnu t o t a l p o p u l a t i o n . 

Us ing d a t a frou. c h a p t e r s 3 and 4 we found t n e g o n a d a l dose 
of t n e p o p u l a t i o n i n Rouan ia a u r i n g 197o ( t a b l e 1 , p a r t I ) . 

Tne c a l c u l u s of g o n o t i c a l l ; , s i ^ j n i r i c a n t ; dosu u s i n g t n e 
equc^tion i-iontiouod above and d a t a from Co.bl^ 1 o i v c s a v a l u e of 

GLD=2o.5 lurad/y e a r / i n h a b i t a n t , 
\ . t i ich i ; , coxju.^raDl<= v . i tn t^ie v a l u e s obtc^ined i n o t i i e r s coantr i ic ;s 
a s USA ( 1 9 - J 4 " ) - 5 5 mraa , Sweden (1955 ) - : ; b u r a d , J a p a n ( 1 9 6 o ) - 3 9 
mrad, Denriark (19 : ;6 ) -22 m r a a , Uni bud Kingdom (1957-19:pb)-14 mrad 
anu Lev.'-Zuoi.^iiu Cl-365)-12 m r a d . 

6 . iViean Done marrovj dose 

The mean bone marroi . dosu \ a s c a l c u l a t u d i n a s i iup lc way 
by i n t e g r a t i n g of a l l v a l u e s f o r bone marx'0v» dose p r o d u c e d a u 
r i n g ci. c e r t a i n t y p e of i n v e s t i g o i t ; i o n i n person.^ of a s p e c j f i u a 
agu j;rou_ij anu a i v i a i n g Dy tuo t o t a l numbux of j ^e r sonb ox t n a t 
age g r o u p . 

Us ing d a t a from c n a p t o r s 3 ana 4 aiia va luo t . ox a i b b x i b u -
Lion of p o p u l a t i o n fx'om baole 1 , v.'e f o a n a ujie bono maxu^ow d o s e s 
of t n e j j o p u l o t i o n i n Romania d u r i n g I'^'/o g i v e n i n ta ,b le 2 and 
f 11 , - l ly a s r u . ' U l t , t n u mean a n n u a l oone marrow dosu p e r i n a a -
u i t a n t p e r t y p e ol' u x a m i n a t i on ( t a o l o d, l a s t c o l u m n ) . 

As ifc can be s e e n , t no bone maiTO^. a o s e a v e r a g u u ovux e n 
t i r e p o p u l a t i o n r u s u i c i n j , xroin v a r i o u s X-va.y e x a m i n a t i o n was 
;}ad mi^au/yoccx , i n compax'ieon v i t i i 3 2 , 4 mxcAa/year e sb ix i a t ed i n 
U n i t e d AJntjdoiu by Aai ' ian Comiaittuu ( iy57-19p<3, r e f e r e n c e 5 ) . 

Tne metn oone marro'v- a o s e a r i s i n g fx'om c h e s t r a d i o s c o p i e s 
vvas 92 m r a d / y e a r / i n n a b i t o . n t i n compcirison vvith 5© x^rad ( A u s t r i a ) , 
l o Lirail (be lg iuf f i ) , ooo i..raa ( F i v i n c e ) , o mrad ( S p a i n ) an^ 14 mrad 
(S witzux l a n d J. 

Bone mai'rov. aobC sofcms t o bo t n e most i i npor t anb h e a l t h 
coni^eqaence of t n e i^ieaical i r r a d i a t i o n . \:e nave no t a ^,GOU t s t i -
m a t i o n of l e u k a o a i e UA^juctc^ncy i n Romania so biiat we coult^i . ' , 
C d l c u l a t u bne lear^memoguiiic r . i g n i f i c a n c y of bonu mar rov ixTa^i la -
t i o n . 

I'xie f a c t Giiat agu g roup l o - 3 o y e a r s , w±iica n a s euou^n 
x a r j e l i f u ux^jectai-cy ( i n I'-j/o i n Romania t n e mean l i f e uXj^-cc-
t <ncy vas 66 y^^ars f o r men and 7© fox' women) roc^ i^ 'o an iupox'"-
barjt p a r t of x i ed i ca l i r i - a a i a t i o n , g i v e s us t n e I 'ua l Idoc. I ' u fe -
rin_^ txie i,>i'ogi''aGime f o i I ' o u u c t i o n Lnu u n n e c e s s a r y i i r a u l t t t i j n . 
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7 . C o n c l u s i o n s 

fne j c E u i b s of our X.OXJI concuxxixntj t^ie m e d i c a l i r r ^ a x o . -
uion ol Lnu I o p a i a t i o n i n Kox.ai)ia a l l o w to j-'Oli^t ^^''^ "tno I ' o i i o -
\/i,int; GoijCltioions : 

a . - m _ a i c a l i r x ' c id i a t i o i j i n Romania c o n s t a n t l y i n c i e c i s o s ; 
an incxo^s^ . uo. 2 . 4 bimoo i n 197© Cc.n uo i^-xcbei^ted fox t o t a l X-
r a y d i a , i i o . b i s procodax^es i n coi.^ >-.xi.son v,icn 1953 ( 6 . 4 t i m e s f o r 
r a a i o ^ r ^ p n i e s and o . 4 fox j j n o t o i i u o x o g r a p n i u s ) ana a slowl;> d e -
c x u a i e fux x'c^axoscupies (.i>dd r a d i o s c o p i e s i n I'j)/© p e r l o ^ i n h a -
oi tc lit6 i n s toc id ox 337 i n l'Jjj>) ; 

b . - t h e nuKDox dt e.A.ai..inatioiib c a r r i e d out a u r i n g 1^7© by 
onu innc^oi tano v . i i ^ a \.ibxi ugo j^roup ana S U A . I t was o.b© f o r 
boys betvjeun 0-14 y u c ^ s , o . 4 b f o r g i r l s , l . :?6 f o r men bebween 
I b - ^ o y e u r o , 1.2/ xu i men ovex- 31 y e a r s , l . o 9 fox' womon be tween 
l o - ^ o yK^at\i an^ 1 . 1 / oxa^aina Lions f o r voiaen oveX 31 y e a r s ; 

c - t n e t j ^ n o t i c a l l y s i g n i f i c a n t dose i n Romania d u r i n g 
1^7© was ^ o . p mraa j j e r i n h a b i t a n t , ex medium v a l u e i n coxij^arison 
wiLh t h o s e e s t a o l i s h e a i n o t n e r c o u n t r x e s i n txio w o r l d ; 

d . - Lnu me<-in bone marrow a o s e p e r i n i i aDiban t i n Romania 
dux in^ 197© a r i s i r g I rom x - r a y s d i a g n o s i s was i>b2 mraa , a v a l u e 
wnicn p u t i n eviaexicc t n e n e c e s o i t y of a jjrogrcimme fox r e d u c t i o n 
of t n e u n n e c e s s a r y m e a i c n l i x r a a i a t i o n . 
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Table 1. Genadal d©se ©f the pepulation (rad), distribution of populatian 
and children expectancy, per age greup and sex in Romania dux'ing 197©. 

Sex 
©-I5 years 

A g e g r e u p 
16-3© year s ©ver 31 yea r s 

I. Type of examinatien: 

A.Radiographies 

B.Radioscopies: 
Chest 

G.I. 

G.Photofluorogra
phies 

Total 

II.Distribution of popu
lation (xlo3) 

Total 

III.Children expectancy 

M 
F 

M 
F 
M 
F 
M 
P 

M 
P 

M 
F 

4,loo 
25,035 

41o 
717 
615 

1,645 
3,075 
7,175 

45,972 

2,972 
2,829 
5,bol 

2, 
2. 

Gonadal dose (rad) 

953 
bo5 

19,475 
154,00© 

1,743 
1,743 
4,loo 
5,535 
1,743 
7,79© 

206,129 

2,378 
2,33d 
4,716 

2, 
2. 
79b 
4o2 

lol,6b© 
776,13© 

3,075 
4,505 
12,5©5 
18,450 
2,562 
14,555 
933,262 

4,92© 
5, ©63 

9,983 

0, 
0, 
453 
31© 

Total 

125,255 
966,165 

5,228 
6,765 
17,22© 
25,63© 
7,38© 

29,52© 

l.lb3,363 

l©,27o 
lo,23© 
2©,50© 



Table 2. Bone marrow aose of txie population (rad) per age group and 
mucoi marrow dose per inhabitant (mrad) in Romania aux'ing 197©. 

Type of examination 

0-I5 years 

A g e g r o u p 

I0-30 years over 31 years 

Mean annual 
Total bone marrow 
(rad) aose ĵ-er 

inhabitan L 
(mrad) 

A. Radiographies 22,o72 
B. Radioscopies : 

CdfaSt 241,4.-^7 
G . I . l o o , j 9 o 

C. Pnu toxiuox'o^jraeliies co,77o 

6-,ĵ 9 

559,373 
495,274 

o3b,000 

299,974 

1,112,915 

3,160,©62 

1,0b;),133 

3^5,od5 

l,ub6,715 
3,756,346 
l,ooc,711 

19 

92 
lo3 

T o t a l 'r2>',067 l.y;)6,2d6 5,656,lo4 7,637,457 3b2 



Use of xledical Z-llay D iagnos t i c 
U n i t s i n I r a q 

LIOUSA D, xJ3i3/iS 
Uad ia t ion Con t ro l Off ice 
l i i n i s t r y of Hea l th 
Baghdad - I raq 

A b s t r a c t 

The medical use of l\.-ra:js r cpresex i t s a na jo r soux>ce of p o p u l 
a t i o n r a d i a t i o n e^a^osure. A s p e c i a l coxis idorat ion i s ^_,iven t o a s s 
ess t h e g e n e t i c a l l y s i g n i f i c a n t dose due to d i a g n o s t i c r a d i o l o g y . 

A l l necUcal i n s t i t u t i o n s , h o s p i t a l s , p r i v a t e p h y s i c i a n s and 
d e n t i s t s i n Irac_, './ere v i s i t e d t o r e c o r d : the nu.-ber and type of 
ul-3^c-j tux i t s , t h e frequency and 1 ind of ..I-ray d i a g n o s t i c eiceiminations 
and nti-ber of v/orl.ers i n such u n i t s , i n a d d i t i o n t h e p r o t e c t i o n of 
the worl:ers from the r a d i a t i e a and t h e s e r v i c e s ©f p e r s o n n e l 
. . o n i t o r i u g v/ore a l s o observed . 

I t \.'as found t h a t , up to t h e end. of 1972, t h e r e a r e 4-07 X-ray 
t u i i t s , a l l over the PuCpublic used f o r whole bod;,̂  medical r o e n t g e n -
o d i a ^ n o s i s and 146 ..^.-ray u n i t s f o r d e n t a l r ad iog raphy , c a r r y i n g 

5 _ 4 
out -lore t han 4 x 10, and 15 x lO e:^aiiinations p e r y e a r , r e s p e c t i v e l y . 

The stud;}'" j i v e s a c l e a r :iap of t he d i s t r i b u t i o n of t h e X-ray 
t u i i t s i n the d i f f e r e n t p a r t s ©f thx- coutitry osid can be used as 
a ^uidc f o r fut t t ro r a d i o l o g i c a l h e a l t h prograj.:s. I t r i g h t a l so se rve 
as a model f o r r a d i a t i o n survey and i n s p e c t i o n . J.lso , t>ic f i g u r e s 
could be u s e f u l i n the e s t i m a t i o n of the axLiual g e n e t i c a l l y 
s i o n i f l e a n t dose r e c e i v e d by t h e 10 m i l l i o n I r a q i s fro.a e-^posure 
to daagnos t i c X-rays. , 

I n t r o d u c t i o n 
X-ray d i a g n o s i s ^1 the a p p l i c a t i o n nuc t be used only xilien. 

h i g h l y s p e c i f i c a l l y i n d i c a t e d . The r a d i a t i o n dose r e c e i v e d on an 
ixxdividual jrotuid v a r i e s \ a t h t h e e x a - i n a t i o n u s e e , t h e n;iJDer of 
exposures d.uring t h e i r r e p r o d u c t i v e pcrioel of l i f e and the 
techl i iducs used . 

DiaoJiost ic h - r a y s Gtca'>ted t o be used f o r medical ptu?poses i n 
I r aa s ince 1917/ I / • ^'O s c i e n t i f i c -.eas-urcs, concerning p r o t e c t i o n 
of persoii t iel ajad_patients woro_ tahcn a a t i l "972 fie'i a h i g h l y 
3 :;cciar iriOd co . i ' . i t t ee "/aj \ 3 t . . j l i s h o d to '-^i^,,' ' f i l3 _ .*iolej.. 

"i l e g a l i z e d rc^-r 'at ioi-O -/ore i y j u ; ! " : / ':\:.z ocT--i t tee app ly 
ing \/hat t h e IGPtP sugges ted f o r r a d i o l o g i c a l p r o t e c t i o n and 
p e r - i i s s i b l e doses / 2-3 / . 

Therefore i n r e spons t o t h e need of r a d i o l o g i c a l h e a l t h 
T)rograa f o r an e f f e c t i v e method of surveying of a l l r a d i a t i o n 
s o u r c e s , t h e pLadiation Con t ro l Board r e q u e s t e d a l l medical i n s t i t 
u t i o n s and h o s p i t a l s , t o r e g i s t e r r a d i a t i o n sources and g ive f u l l 
d e t a i l s of t h i e r u s e s . 

The survey covered appro::imatoly 99fj of t h e rad io , t ion 
nt^chines, '•.Thich c o n s t i t u t e t h e s u b j e c t of t h i s paper fo.r t h e yea r 
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Llaterials end ...ethod 

Puegmlations \;ore issued r e s t r i c t i n g the sale and iiiport of 
diagnostic X-ray fili'is or any spare p a r t s r/ithout permission.Such 
pcrniss ion i s no\/ given only af te r a v i s i t to the X-ray machine 
In order to record the nttibor and. "t̂ ipe of the u n i t , the frequency 
and tyq?e of X-ray exa:.iina.tiGns performed, output r.casurenents a t 
vax'ious tube voltages and the d i f ferent age groups of the patient;s 
of both sexes. li^ addit;ion,the pro tec t ion of the v.orlcers from the 
r ad ia t ion and the services of personnel monitoring .v/ere also observed 

'..ith regard to the dose ucasurements, shin dose estimation 
e i ther of the c r i t i c a l organs was made d i r ec t ly on pa t i en t s during 
di f ferent typos of X-ray e:caminations. Pil::. badges type 11.H.P. 30 
Blaclc .Spot,such as personnel monitoring film badge v/ith hodak 
radiat ion-monitoring films v/ere used for these measurements for 
p r a c t i c a l reasons and. avai labi l i ' ty .The contr ibution of radiography 
to gonad.al dose i s a complex function of applied peak Icilovoltage, 
tube t r age t to shin clj.stance,volui-ie of the t i s sue in the primary 
beam;the sex and age or the pa t ien t^ / 4- / . 

The dose received by gonads in 70 pa t i en t s e:rposed to r ad i a 
t ion for diagnostic purposes v/as ca lcula ted . The genet ical ly 
significa"i.t dose was obtained from the following formula / 5 / : 

e rj, (?),, (P)a. CO ĵ (-),; (::)̂ _ (::) 
D =̂  a k C d'-z D'< 0-̂  + 0-: d̂ c a-) 

_ _ ^ T3T(i!) 
v/here 
D =(aniaual) genetically significant dose. 
IT-jî= (annual) nuilser of individuals of .aje-class h, subjected to 

class j exposure. 
iJi. = total ntr:bor of ind.ividuals of age-class Ic. 
';.'.!_= future nu.:")er of children expected by an e:rposed ind.ividual 
'̂•"' of age-class h subsequent to a class 3 exposure. 

;,i, = future nu :ber of children expected by an average individual 
of age-class h. 

ci-;- = gonad, dose per class j exposure of an iixdividual of age-class ]':, 

(.?) and (0 d.enotc "female'' and "male'respectively". 
PLO suits 

il, Jtiber of .:achincs axid area distribution : 

A total ntrxber of 553 ---ray machines \/ere used in Iraq for 
diagnostic purposes (Table I), î07 conventional X-ray units are 
used for general diagnostic medical iJurposea, the remaining 146 
units arc used only for dental purposes. Some of these m.achines 
are quite old (since 1934)., 

30,5i;3 of the conventional X-ray machines are found in private 
clinics,v.nile in the case of dental X-roy :',iachines the nttuber of 
the machines in the private clinics \/cre higher than the governm
ental -.aciiines (53.3/J of the total dental machines ). 

'..-ith regard to the area dJ-st;ribution,Bajhdad(the capital ) 
has the higher nu4.ber of machines;Basrah cax.ic the next end llineva 
cazie the third.. Other provinces are more or loss sinilar in the 
nu'.bcr of the X-ray -:achines used. 

Table 2. shows the dj-fforent firms of both conventionAl and 
dental :iachines used in Iraq.Since there are approximatly Iii) milli©ns 
inliabitants in Iraq at the c:ad of 1972 /6/, it means that the 
average is I :iedical ciagnostic X-ray machine for each 25 x 10 
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inhabitants and I5 dental X-ray machines for each million 

Table I.Distribution of X-ray machines by Goveronarates 
( LIuhaf adha ). 

LIuhafadha 

Duhoh 
ITineua 
A r b i l 
LirlcuJ: 
S u l a i i i a n i y e 
D i y a l a 
Baghdad 
Al -Anba r 
Baby lon 
I l a r b a l a 
A l - X a d i s i y e 
Al-I '.outh£n.a 
\ . a s u t 
T h e e a r e 
Measan 
B a s r a b 

T o t a l 

I n h a b i t -
f in ts /S 

I I . I 

4 . 5 
5 . 9 
4 . 7 
4o5 

2 5 . 5 
5 . 9 
"^^1 
4 . 2 
5 . 0 

4 . 2 
6 , 4 
^1-3 
8 . 4 

100 

D i a g n o s t i c 
P u b l i c - r f i v a t e 

4 
18 
12 
13 
I I 
9 

107 
I I 
I I 
I I 

9 
5 
7 
9 

12 
34-

203 

69.5^^ 

T a b l e 2._ D i s t r i b u t i o n 

Dia. w 

of 

10 s 
luantuac-Gurer P u b l i c P r i v a t 

*mm 

'9 
2 
5 
P 
I 

79 
1 
2 
4 
2 
I 
2 
I 
I 

10 

124 

5 0 . 3 ^ 

X - r a y n. 

t i c 
e T o t a l 

'l 'ot;aI 

4 
27 
14 
19 
14 
10 

186 
12 
13 
15 
I I 

6 
9 

10 
13 
411. 

^107 
100 .6 ; : 

a c h i n e s 

Pub: 

D e n t a l 
P u b l i c i^ r iVdte 

I 
6 
1 
2 
3 
1 

29 
2 
1 

4 
I 
1 
2 
4 
3 
7 

60 
4 6 . 

i n 

Lie 

„ 

5 
— 

3 
— 
— 

53 
— 

2 
3 
I 
— 
— 

5 
I 
7 

70 
;: 53 0 ^ : 

I r a q by .:ani 

D e n t a l 

T o t a l • 

I 
I I 

I 
5 
3 
I 

82 
2 
5 
7 
2 
I 
2 

7 
4-

14-

146 
100^. 

of acttu?( 

P r i v a t e T o t a l 

Ji^m^ns 
P h i l i o s 

48 
General L l e c t r i c 29 
Generay 
VJatson 
Tur 
l icplor 
Have 
Honda 
R i t t e r 
Other Types 
Unlnaov/n 

up 

29 

3 

fi 
10 
-

7 

_ 

— 

-

— 

15 
10 

1̂ 
39 
83 
57 
p p 

— 

-

_ 

23 
13 

W 
10 
20 

9 
9 

6 
3 

6 
1 

TT 
— 
— 
"" 

24 
I I 

I 
6 
8 

29 

5 
25 

13 
8 

I I 

29 
24 
I I 

5 
31 
13 

5 
8 

20 

16 
8 

4 
2 1 

9 
Tot 3.1 lie. 

7o 

03 
A O i 

124-

30 .5 

407 
100 

68 
45 .6 

70 

53 .4 

146 
100 

B, Humber of X-ray nxa:..iinati©ns : 
I n t h e e s t i m a t i o n t h e ntriber of r ad iog raphs talcen dur ing 

f l u o r o s c o p i c examinat ions v/ere inc luded i n t h e l i s t under r a d i o g r 
aphy and one exaanination means one exposure .Al l t y p e s of e:::aminat-
i on concerning rad iography and f luoroscopy v/ere c l a s s i f i e d t o 10 
forms as shovzn i n Table 3|V/hich a l so i l l u s t r a t e s d e t a i l s r e g a r d i n g 
t h e a g e , s e x and a r ea exojuined i n a t o t a l number of one thousand 
p a t i e n t s examined i n d i f f e r e n t d i a g n o s t i c X-ray machines except 
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mass m h i i a t u r e r a d i o g r a p h i e s and d e n t a l , b e c a u s e i t v/as d i f f i c u l t 
t o Inaow t h e ae;^ of p a t i e n t s i n t h e s e l a s t two types of examinations. 

Table 3 , Frequency i n thousand of d i a g n o s t i c examinat ions by 
age sex and type exai ' i inat ion. 

~ y e a r s ^ i 
21-30 I 3I-^l-5( ^^-50 
TT -P T" T? I TT V 

Type of 
IJjcaiuonation — 15 16-20 

LI P Li 
50-

i.i 
T o t a l 

% 

Hands 

Headcileck 
joet 
Chest 
YortebralC©; 

Gall Bladcr 
Stomach 
Urinary Tr. 
Lelvis 
Pregnancy 

12 
TP 
7 
25 
L.3 
I 
I 
13 
3 
-

5 
25 
3 
^P 
3 
I 
I 
2 
•3 
-

5 
10 
2 
5 
3 
I 
5 
S 
-r 
-

I 
12 
7 
52 
10 
I 
15 
10 
3 
5 

15 3 
37 27 
5 7 

27 35 
22 7 
5 3 
32 25 
17 18 
I 5 
- 5 

3 3 
13 22 
7 3 
23 37 
17 7 
I 5 
25 22 
II 13 
I I 
- I 

3 
3 
5 
15 
5 
I 
7 
2 
I 
— 

I 
3 
1 
10 
7 
5 
8 
II 
I 
— 

I 
8 
1 
52 
12 
I 
12 
3 
2 
— 

3 
17 
1 
8 
7 
I 
5 
6 
I 
— 

39 
83 
27 
127 
62 
8 
80 
56 
9 
— 

16 
1.6 
22 
147 
41 
16 
76 
60 
14 
11 

5.5 
10.9 
4.9 
27.4 
10.5 
2.4 
15.6 
II. 6 
2.3 
1.1 

Total p 
79 38 159 

68 96 155 

14.7 13.4 29.4 

I.l 4ii rp2 491 1000 

114 47 49 509 

21.5 8.9 II,I 49.1 50.9 100;. 

21,^fo of t h e t o t a l examinat ion i n Table 3 v/ere performed f o r 
ches t X-ray examinat ion, v/hile t h e head and neck X-ray examination 
ccuie to be second i n frequency(18,9?^), stomach and t h e surrounding 
organs ( g a l l bD.adder and l i v e r ) c o n s t i t u t e d about I ^ of t h e t o t a l 
X-ray examinat ion d o n e . P e l v i s X-roy d i a g n o s i s c o n s t i t u t e d about3.4;.>j 
of t h e t o t a l 2l-r:aj t e s t s . The u r i n a r y t r a c t X-ray d i a g n o s t i c t e s t s 
c o n s t i t u t e d llfo of t h e t o t a l examina t ions . 
ITith r e g a r d to age grouping, Table 3 shov/s t h a t 14.7/^ of t h e t e s t 
v/ere done on p a t i e n t s under t h e ago of 15 ye a r s of bo th sexes.V-Tiile 
13.4;: of t h e t e s t s wore done on p a t i e n t s betv/een 16-20 yea r s o ld • 

The ago group 21-45 y e a r s v/hich c o n s t i t u t e t h e a c t i v e r ep rod
u c t i o n cje s p e c i a l l y i n v/onen,reached 5 I » 9 ? J ©X t h e t o t a l number 
examined i n t h i s t a b l e .'.Tith r e s p e c t to t h e o the r o l d e r age groups , 
i t appears t h a t a r e l a t i v e l y smal l pe rcen tage of p a t i e n t s "v/ere 
examined. Regarding t h e t o t a l male to female r a t i o of t he one 
thousand, p a t i e n t s exaiuincd i n t h i s vrorh,the r a t i o v/as n e a r l y one. 
"lie o f f i c i a l census of t h e p o p u l a t i o n i n d i c a t e s t h a t t h e r e a re 
5.073,600 males and 5,000,500 females i n I r a q a t t h e end of 1972 /6 / . 

The t o t a l numbor of r a d i o g r a p h i c examinat ions was 4 .2 x 10 
d i a g n o s t i c examina t ions . ITearly 21/^ then v/ere mass m i n i a t u r e 
r ad io g raph ic s . ' . a i i l e t h e annual t o t a l nuaiber of d e n t a l X-ray examin
a t i o n \:J£ about I50 iz I05 examinat ions .The a s t i m a t i o n shov/s t h a t 
tJhe p a t i e n t s performed i n average 2 .2 examinat ions each v i s i t . 
Therefore i t appeared t h a t t h e frequency i s 2 persons from 10 
i n h a b i t a n t s -./ere undergone di .agnost ic examinat ions yea r ly . I Io reve r , 
about 15 pe r sons out of 1000 had d.ental X-ray exa.ainations annua l ly . 

Table 4a shov/es t n e t o t a l nu-Toer of : . - r sy examinations done 
on d i f f e r e n t p a r t s of t h e body of bo th sexes and t h e gonad dose 
measured, fro.i each p a r t i c u l a r exaiiination.^ 

The man-rad /year received. , v/as t h e h i g h e s t i n performing t h e 
abd.oninat ion, \ /hich i s i n t h e range of 7*8 x 10-^ man-rad/year .The 
mass c h e s t X-ray m i n i a t u r e c o n s t i t u t e d t h e second man-rad/year 
r e c e i v e d . Other c l i n i c a l e:<:aminations t_,ave a s i g n i f i c a n t d.ecrease 
i n man-rad /year d.ose i n comparison wi th t h e above mentioned 
d i a g n o s t i c t e s t s . T h e t o t a l man-rad/year f o r a i l t ypes of 
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examinations 8 x 10^ man-rad/year. 
Table 4a. Total gonad dose in man-rad due to examinations of 

both sexes (Figures are talien 1000 exm.per y e a r ) . 

Ty-oe of 
i i x a m i n a t i o n 

Llass - - i i v a t u r c 
l : : r t r e : i i t l e s 
PleadCi llecl: 
C h e s t 
Abd03:en 

D e n t a l 

T o t a l 

IIcilo 
No.e2-ai,. gonad 

, d o s e , 

282 
423 
731 

0 . 2 2 0 

0 . 2 8 0 
0 . 8 5 0 

329 

Gonadal close 

P exhale 
ITo.e^j i .^onad 

d.©se ( 
m « ^ , . Dan 

12.^ 

350 
500 
741 

779.85 

0 . 1 3 0 

0 . 3 6 0 
1.000 

44-5 

X 10^ m-an-

Tc 
IT©, mrn • 

820 
354 

642 
932 

1472 

150 

- r a d / y e a i 

) t a l 
gonad d.ose 
man - r a d 

2 . 
0 , 

0 , 
I , 

0 . 

700 
.350 

,860 
774 

99?5 
,300 

Table 4—b represents the gene t ica l ly s igni f icant dose r e c e i 
ved by both sexes of the I r a q i popu la t ion , I t i s apparoat t h a t the 
dose received, fro:: the use of the dental machines i s s ign i f i can t ly 
snaUer than the dose receivec. fro:: the conventional X-ray 
diagnostic procedure.The ca lcu la t ion of the annual gene t ica l ly 
s ign i f ican t dose r e su l t ed in a value of 52 m rad for 1972. 

The accuracy of t h i s r e s u l t i s probably of the order of 60^:. 
ffiie :iu.J3er and. tcclxaical d.ata for measurements are reported by 
tiie author in a separate paper/7/» 

Discussion Table 4-b. Genetically s ignigicant dose by 
There i s no general, sex (mrad/person per y e a r ) . 

Type of exai:a. Total stand.ard system to 
d i s t r i b u t e the X-ray 
machines over the 
d.ifferent pajcts of 
Iraq.But one can mahe llale 25.62 0.15 25.77 49.65 
h i s ov/n conclusion Fajiale 26,03 0.15 26.18 50.35 

"OX r-: r—~ ^ G.G.D, /̂  

from table I,which ĵ ..̂ ^̂ . 51.55 0.30 51.95 100 i 
x>eflects the relax;ion 

betv/een the density distribution of the population and the X-ray 
units.The relatively high number units of (45,,';̂": and 56.I?S)of the 
total conventional d.iagnostic and dental units' respectivly in 
Baghdad area is due to the number of its izihapitants (25,5% of the 
total population of the country) and the same situation is true in 
Basrah and ITineva.Another reason for this distribution may be 
attributed to the preference of most doctors to live and v/orli in 
large cities.One the other hand,wherever the official niuibers of 
xmits are high,the number of private units are hi^itoo.This may 
be due to the perm.ission is given only to specialist doctors in 
radiological fields to possess X-ray units in private clinics. 
This perird-ssion is given to any dentist.It is found that the 
private specialists in medical radiology themselves are mainly 
the official ones.Sometimes specialists v/ith high qualification 
in other fields might be granted a permission too,, 

A total number of 407 conventional X-ray macliines performing 
an annual frequency of 4-20 X-ray examinations per 1000 persons. 
This figure of exajminations is similar to the figures obtained in 
many other countries v/hich had carried out comprehensive survey 
75/ v.rhile our n-umber of instalations per 1000 of total populations 
are less.From Table 2 it is shovm that there are only 6 firms 
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v/hich s u p p l i e d aboui 90/": of t h e conventonal u n i t s and 7 f i rms 
suppl ied ' about 70/J of t h e den t a l X-ray macli ines.This s i t u a t i o n 
nalccs i t easy f o r do tes t iana t ion of t h e dose r e c e i v e d from a l l 
machines . The average ©perat ing peak h i l o v o l t a g e s has been found 
to be 70 KVP i n conven t iona l machines and (50-60),X"VT in d e n t a l . 

Data of Table 3 included, sex c a t e g o r i e s o^' sex and age .iJach 
ca tegory encompassed t h e t y p e s of e x a m i n a t i o n s . l t seams t h a t 20?: 
of t h e Tjotal p a t i e n t s a r e l e s s than 30 ye a r s o ld .The l a s t pe r cen 
t age of p a t i e n t i s t o be cons ide red v/hen d.iscussing g e n e t i c e f f e c t s . 

The abdomina l ( s tomch ,ve r t eb ra l co lumn,ga l l b l a dde r and 
\ i r ina ry t r a c t ) e x a m i n a t i o n s v/hich comprised 33»T/o ©f a l l t h e exam
i n a t i o n s , g ive exposure v a l u e s r e p r e s e n t i n g about 99/^ of t h e 
average gonadal exjposure a s shovai i n Table 4 a . I n e s t i m a t i o n of 
g e n e t i c a l l y s i g n i f i c a n t d o s e , t h e ind . iv idual gonad dose i s v.'eighed 
v/ith a factoi^ ta i l ing i n t o account t h e f u t u r e number of c h i l d r e n 
expected.Hov/over t h e t o t a l gonadal dose i s about 780 x 10^ 
m a n - r a d / y e a r , t h e g e n e t i a l l y s i g n i f i c a n t dese r e s u l t e d i s 52 
mrad/year which i s a h igh fignrre i n comparison to t h a t of o t h e r 
c o u n t r i e s having f r e q u e n c i e s betv/een 8 and 4-4 x i r a d / y c a r / 4 , 5 , 8 , 9 / . 
Hov/ever, this dose i s s t i l l belov/ t h e dose recorm:ended by ICPJ^, 
v/liich i s 5 rem over a p e r i o d of 30 y e a r s . 

Conclusions 
I ,The s tudy g ive s a c l e a r p i c t u r e of t h e X-roy u n i t d i s t r i b u t i o n 

i n d i f f e r e n t p a r t s of I raq ,v /h ich i s somev/hat s a t i s f a c t o r y . 
2,The annual nu:"iber of rad. iographio examinat ions i s e:rpected to 

be soon more than 5 x 10 » I t i s thought a d v i s a b l e to s t a r t 
a l o c a l filT'i p roduc t ion .As long as f i l m s a r e , f o r t h e t ime bee ing , 
i j a p o r t e d , t h l s s tudy v / i l l he lp very much i n t h e e s t ! l a t ion of 
t h e annual need of t h e s e f i l m s . 

3 .S ince t h e g e n e t i c a l l y s i g n i f i c a n t dose (52 i i r a d / y e a r ) i s h ighe r 
than t h a t i n o t h e r c o u n t r i e s , b e s i d e t h a t v/e have no diata f o r 
t h e p a s t y e a r s about t h e nu ibe r of d i a g n o s t i c X-ray examinations 
pe r y e a r , i t sefeos t h a t t h e r e i s an u r g e n t need f o r t he red.uction 
of t h e annual g e n e t i c a l l y s i g n i f i c a n t dose fro:i X-ray 
examina t ions , althoxigh very fev; peop le a r e be ing eirposed. 
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RADIOBIOLOGICAL SI(3IIPICANCE OF "^^h KrCRODOSIHETRI 

A.R. Reddy and K.K. Nagpal 
I n s t i t u t e of NUdear Ifedicine & Allied Sciences 

Probyn Road, Delhi-1100C7(india). 

Abstract 

SLgnificant difference iji the microscopic dose d is t r ibut ion due to "^^h 
and ' 2 ' I in the thyroid gland i s reported. I t s radiobiological significance 
i s studied using varying doses of these two radionuclides in one month old rats . 
The t o t a l body weight increase, thyroidal i « t e n t i r H y of radioiodine, 24 hour 
uptake and the thyroid weight a t the end of the treatment are measured in both 
the t reated and control groups. Thyroid w e i ^ t i s taken as an index of thyroid 
c e l l population and any reduction in i t s increase with age conpared to tha t in 
ccntroia (which i s talsen as 100^ ce l l sui«vival)is considered as due to the i rpa -
iremffl^ of pro l i fe ra t ive capaciiy of the thyroid c e l l s . Average gland doses due 
to •̂ <C and "'31i for 50% c e l l survival are 4O50O end 1 8 ^ rad respect ively . 
The 24 hour uptake i s s igni f icant ly reduced in 71 uCi "'^^I treated r a t s whereas 
i n a l l other t rea ted ones there i s no change coii?)ared to controls . Body weight 
increase i s in^aired in both the treatments, more so with ' ' ^^ l . These d i f fe 
rences are explained in tenns of differences in dose d is t r ibu t ions across a 
thyroid f o U d d e due to '*^h and 131i. 

Introduction 

For the same a c t i ^ l y adcdnistered the mean dose to the thyroid gland i s 
2-3 times l e s s with ' ^ ^ ooqpared to I ? ! ! , Microscopic dose d is t r ibut ion 
across a t t o ro id f o l l i c l e , which i s a basic un i t of the thyroid gland, shotrs 
tha t with ^ ^ ^ the dose a t the co l lo id-ce l l interphase i s 2-6 times and i^-IO 
tlTnes tha t over the nudus and t h a t a t the basal meidDrane respectively depend
ing upon the colloid content in the gland whereas with 131l i t i s p rac t i ca l ly 
unif orm1-3. 

The radiobiological significance of th i s difference in ndcroscopic dose 
d is t r ibut ion was studied in the adul t r a t thyroid T^ different viorkers^^. 
However, the normal adul t r a t thyroid has a closed, well different iated oe l l 
system with l i t t l e proliferati<Hi and upon i r radia t ian(wi th about 500 rads of 
X-rays) shows l i t t l e change as fudged by weight, c e l l counts or EKA and RNA 
content^, so t o see the effects of i r rad ia t ion on thyroid ce l l population, 

par t icu la r ly on i t s pro l i fe ra t ive capacity, i t i s necessary to promote the 
c e l l Hnitiplicaticxi a r t i f i c i a l l y , say by adudnistration of methyl thiouracil". 

Instead, yoicig r a t s of one month age were chosen for the pi«sent i n v e s t i -
gat ion. At t h i s age t h e i r thyroid ce l l s are rapidly proliferatdjag' and the 
thyroid w e i ^ t increases by a factor of 2-3 within a span of 2 months. So a 
study of the radia t ion effects i s possible without the adudnistrs-tian of a drug. 

I-fetterials and t^iethods 

One month old Iloltzraan s t ra in Etele r a t s were used for the study. 'Sa&j were 
fed with standard dry p e l l e t Hindustan Liver r a t food and tap water ad l ib i tum, 
5 r a t s were taken for each dosage, Oae of the following doses in a vxJltjme of 
0 .2 ml v&a injected in t raper i tonea l ly to each groupjIOO, 50, 25,12.5 and 

2.5 uCl of Na'2>C} 7 1 , 24.2 and 4 .8 uCS. of Na"31i, Two groups of 5 r a t s each 
served as respective controls for the two radionuclides. The t o t a l body weight 
and thyroid retent ion of radioiodine (by in vivo countijag with an end window 
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G,M. ooxnter over the thyroid) were measured per iodica l ly . 

When the r a t s ^ t t a i n 3 mcaitha age t h ^ were injected in t raper i toneal ly a 
t r ace r dose of '^>L for measuring the thyroid upta!<» a t the end of the 
treatment. 24 hours a f te r administration of the t racer the r a t s were s a c r i 
f iced . The two lobes of the thyroid from each r a t were taken out and weighed 
correct to 0.2 ng. The thyroidal aetivilgr was obtained using a Nuclear 
Chicago Autogamma veil counter and was esipressed as tbe percentage of the 
injected a c t i v i t y per un i t thyroid weight. 

Results and piscuaaion 

Variation of Thyroid Weight and Radioiodine Uptake with Age» 

Pig . l shows tho variat ion of thyroid weight and 24 hour radioiodine uptake 
as a function of age . The mean thyroid w e i ^ t of 30 d old r a t s i s 6.8+2.3 ng 
for a mean body w e i ^ t of 45.2+7.3 g while tha t of 100 d old ones i s 24.2+2.6mg 
for a mean body weight of 210+T8.1 g corresponding to an increase in the ~ 

tlqrroid weight by a factor of 5 . 5 . Ho\rever, the var ia t ion in thyroid weight 
expressed as a fraction of body weight i s only from 0.154^0,006 a t 30 d to 
0.115j0.006 a t 100 d . The 24 hovar t ig ro id radioiodine uptake c a r e s s e d as a 
percentage of the injected dose per un i t thyroid weight in mg v^ales from 
0.0^40.0049 to 0.016*0.0049 with the age of the r a t . Higher tQ>tal{B per tmi t 
thyrord weight in the~one month old r a t s indicates the hyperactivily of t h e i r 
thyro ids . 

Biological Half - l i fe of Radioiodine in Thyroid; 

The in vivo thyroid activl-ty i s monitored per iodical ly for a l l the animals 
and pig.2~Hves the retention pat tern in a rb i t ra ry un i t s as a function of t inB. 
In case of ' ^ % , the retention could be expressed as a single exponential with 
a ha l f - l i f e of 10-13 d, i r respect ive of the dose administered. So only the 
data corresponding to 100 uCl group i s presented in F i g . 2 . Tlie pattern of 
retention of ^^Ij was more complex, consisting of a t l e a s t two ooirponents. The 
size and ha l f - l i f e of the two conqxanents depaided on the dose administered. The 
ha l f - l i f e of tho f a s t conpcnant increased and t h a t of the SIOT/ conponent 
decreased with -Uie decrease of dose. 

Estimation of Avera,'?e (Uand Dose} 

The average &Land dose, D, i s estimated for each treated r a t from the 
knowledge of i t s 24 hour uptal«e, U, the thyroid weight, m, in g and the 
effective h a l f - l i f e , T, i a h using the well laiown equation 

D » 1.44 AUT Z £^i 0L/m. rad 

where A i s th© ac t i v i t y administered in uCi, X the suranatian sign, •^i , the 
equilibrium absorbed dose constant in g-rad/uCl-h, and % , the absorbed f r ac 
t ion in the thyroid gland for i th coaponent. The value ofx.ai0tis calculated to 
be 0.0506 for '25i using the values of Ai and fS± l i s t e d In MIRD pampKLets^-H 
and includes both penetrating and non-penetrating conpcaients. For ' '^•I the 
contribution due t o pliotons i s neglected. Considering the thyroid as a sphere 
the absorbed fract ion for "'^Ij beta radiat ion i s obtained using Bergsr 's tabu
la t ion of 0 for different sphere s i z e s . The value of 0 i s about 0.8 for the 
r a t thyroid•'0. 

The mean gl^od dose corresponding to 100 uCi ^ ^ ^ t reated greup i s 34322+ 
9560 rad. The value for 71 uCi 131i t reated group i s 21820+4034 rad . 
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Body Weight v s , Days af ter Administration of Activi ty 

F igs , 3 and 4 give the r a t i o , Y, of the body weight on tho day of observa
t ion to tha t on the day of the administration of a c t i v i t y , p lot ted against tho 
time,X,elapsed frem tho day of adninis t ra t icn of a c t i v i t y for the 125i and 
""•l t reated groups respectively. The data in each case i s s t a t i s t i c a l l y anal
ysed and the respective regression equations, correlat ion coeff ic ients , r , and 
the standard e r r o r s , S;,̂ -, are given in the same f igu res . 

The data shows tha t there i s a reduction in the body weight r a t i o of the 
t reated groups in conpariscn to the control grorrps and the reduction i s nore 
pronounced in the case of 1251, The reduction in the body weight indica tes 
t h a t there i s probably a disturbance in the release of the right amount and 
right type of iodinated compounds which affect body growth and t h a t the 
distupT%nc© i s pronounced with ' '25i . 

24 hour Radioiodine "Gptalas a t the end of Treatment; 

The 24 hour uptake was obtained f a r a l l the t rea ted and control groups by 
administration of a t racer dose of "'^^I^ j-ugt one day pr ior to s ac r i f i ce . The 
r e su l t s are given in Table 1 . The uptake value for a l l the t reated groups 
(except t ha t of 71 u d '^ ' ' l) i s the same as tha t of the corresponding control 
group(c). The lower t5>te!ce of 71 uGi ' '^I j group may be due to a damage of the 
iodine trapping medianism and/or due to a decrease in the number of fo l l i cu l a r 
ce l l s per un i t thyroid w e i ^ t . 

TalxLe 1: Radioiodine Uptaloe a t tho end of 1^% and 131j treatraants 

"'^Jj treatment ' '^' 'l treatanent 

^&an Gland 24 hour f̂9an Csland 24 hour 
D03e( rad) uptake Dose (rad) uptake 

34322(100uca.) O.02dM3.0059 2l800(71uCi) 0*020+0.0094 
24867( 50uGi) 0.033+0.0092 15793(24.2uGi) 0.044*0.0099 
12604( 25uCi) 0.0305D.0078 2500(4.8uCi) 0.044*53.0047 
6l82(l2.5uCi) 0.025+0.0073 C 0.03TO).0047 
1299( 2.5uCi) 0.03253.011 

G 0,02950.0065 

Percenteige Cell Survival v s . Average Radiation Dose to the ^Sgroidt 

In Fig .5 the t>ercentage c e l l survival i s p lo t ted against the average ^gnd 
dose for both "^^^1 and '^Tl t rea ted grotqps. !Rie tl^rreid weight a t the end of 
the treatment normalised to the then bo<^ weight i s taken as an index of c e l l 
sxjrvival. The percentage ce l l sxarvical i s calculated by the following 
equation; 

% c e l l survival « (sv'M)-, x 100/(II /M)Q 

where (ii/H)j = !;, (^jAij)/^j ^^ i^^% = 4° ("WMio)/»o' 

Here % , and Mj^, are the thyroid and body weights of the ith rat in jth 
treated grotro consisting of n^ nuufcer of rats, mj_o and MĴ Q are the thyroid and 
body weights of ith rat in -fee contrel grotp consisting of n^ rats, 

The values of Dg)(the gland dose for 50^ cell survival) for ̂ "̂'l and 1251 
respectively are 18500 and 4J05OO rad. Their ratio, 0.46, suggestethat HBE 
for "'̂ Si coJHpared to "̂ l̂i is less than one which is contrary to expectation. 
This may be explained in terms of the differences in nlcrosoopic dose 
distribution across a thyroid follicle d\» to ''25i and 1311. 
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Using Berger 's scaled absorbed dose d is t r ibut ions 12, the dose dis t r ibut ion 
acTOss a thyroid f o l l i c l e was con^JUted assuming colloid mass as 50% of the 
gland mass. In eacli f o l l i c l e i t i s considered t o be i n the fonn of a sphere of 
25 vaa itidivis sorrounded by fo l l i cu l a r ce l l s of length 9 urn with the i r nuclei 
3 um away frem the apical ceEfcrane. In Pig .6 , the r a t i o of dose ra te a t any 
point Rg, to tha t a t the center of the col loid, R^, i s plot ted against the 
distance s . The values of Hg/Ro a t the colloid c e l l interphase, over the 
nudeijs and a t the basal menfljrane are 0.49, around 0.25 and 0.14 respectively. 
The average gland dose corresponds to t ha t a t co l lo id-ce l l interphase as the 
colloid content i s assvuaed as 50^ of the t o t d gland mass with a l l the thyroid 
iodine concentrated in i t 2 . 

So in case of 1^% treatanent, the n u d e i of ibe f o n i c u l a r ce l l s a t 50 jg 
ce l l su rv lvd leve l received only about 20000 rad as against the gland dose of 
40500 rad . For l ^ l j , however, dose d is t r ibut ion across the f o l l i d e i s more or 
l e s s uniform and so the ^ e n d dose (18500 rad for 50% ce l l s u r v i v d ) i t s e l f i s 
the dose to the n u d e u s . Thus, i f the dose to the nudeus i s considered the 
50% su rv ivd dose i s same with boidi the n u d i d e s . 

The saBB microdosimBtric consideratipns explain the differences found in 
24 bour uptalse a t tlie end of '^*1 and '251 treatments and the i r respective 
cont ro ls . The percentage ce l l survival a t which the s ignif icant reduction in 
24 hoHr^'»^'take was observed with l ^ l j i s 44»3^. The corresponding &land doses 
with " l i and 12% are 21800 and 46500 red respectively. The dose a t the basal 
menbrane (which i s considered as the s i t e for trapping of iodine) of the f o l l i 
cular c e l l of 9 um length i s about one fourthj that a t the col lo id-cel l i n t e r 
phase, t h a t i s , about 12000 rad in case of 1*<r, so the absence of reduction 
in 24 hour t?)take in 1^5i t reated groups i s due to the inhomogeneity in dose 
d is t r ibut ion resulting in only about 12000 rad a t the s i t e of trapping con|)ared 
to the gland dose of 46500 rad . Since in case of l ^ l j t reated group the gland 
dose(21d00 rad) i t s e l f i s the dose to the basal membrane also the reduction in 
24 hour uptake observed can be expected. 
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FIG. 1. Variation of body weight (A), thyroid weight (B), thyroid weight 
expressed as a fraction of the body (C), and 24 hour thyroid radioiodine 
uptake per unit thyroid weight (D) with age of rats. 

10 20 30 

DAYS AFTER ADMINISTRATION OF ACTIVITY 
INUAt/MI.C/ . , » • 

FIG. 2. Thyroid retentivity of radioiodine as a function of time in days 
after the administration of the activity. 
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DOSIlETHr OP INTERNAL H-ItTTERS IN NUCLEAR IBKCIHE 
AND RADIATION PROTECTION : AT WHAT LEVEL 

A. Nagaratnaa and A.R. Redcfy 
In s t i t u t e of Nudear Ifedicine & AHied Sciences 

Probjna Road, Delhi 110007(lndia) 

Abstract 

The inadequacy of conventional dosimetry a t the organ leve l assuming a 
uniform a c t i v i t y dist idbution has been brought otrt ±a. specific exan^jles. m 
each case dosinetrj'' a t different anatomical l eve ls i s presented bringing out 
the probable understanding and lacuna in the radiobiological consequraiceg of 
such dosimetiy. Bone dosimetry of alpha and beta emitters i s presented. Dose 
to whole kidney and d i f fe ren t ia l doses to medulla and cortex from ^%g-neohy-
drin are described. The mean dos« to lung from ^^IJ-I-JAA, the mean local dose 
to capi l la ry bed and to cap i l l a ry epithelium adjacent to an MAA par t ic le are 
reviewed. The irportance of Auger electron emission aad the conseqxientjfcransrau-
ta t iona l effects i s discussed with the examples of '^^j ±^ thyroid, '^^-V'dR in 
pro l i fe ra t ing c e l l s , 55pe in erythrocytes. High doses to l imited portions of 
f ingers while handling ' " ' ' ^ and ^ " T c label led pharmaceuticals i s presented. 

Introduction 

m nuclear medicine the clinician wants to know what are the potential 
hazards to a patient if he undei^es a particular investigative procedure which 
is expected to yield diagnostic information of clinical value, m the case of 
radiation pixjtection the similar question is* what are the potential hazards to 
the worker under given exposure situation. The focus of interest is the biolo
gical effect which is the end-point in a conplicated cliain of events at the 
physical, chendcal and physiological levels. Conventional dosimetry is mainly 
concerned with the primary event, viz. physical step, and the absorbed dose is 
an Indicator only of physical events that happen at the macroscopic level. 
But we are far from understanding the biological significance of the absorbed 
dose. Partial consideration to the secondary events is attenpted to be given by 
assigning a soreidiat arbitrary value for the REE or QP and quoting a rem dose. 

For a proper evaluation of the biological effect, we should know the 
microscopic spatial and tenporal distribution of the primary and secondary 
events. This leads to a detailed consideration of several factors, some assoc
iated \d.th the radiation alone like radiation quantity and dose rate, others 
associated with the target as well, like location of radionuclide in the cell, 
the biochemistry of the labelled conpound, bond rĉ Jture resulting from nuclear 
recoil after beta emission, chemical effect of nucleau: transmutation on funct
ional integrity of molecule, effect of sudden changes of charge on daughter 
nuclide (particularly inportant for isotopes decaying by electron captxire),, 
osygen tension, cells at risk, radiosensitivi-ty of cells in question, etc. 

Further, concepts like LET and absorbed dose are nacroscopic quantities 
or 'expectation values*. As the volume over which the absorbed enei^ is 
couputed is reduced, the fluctuations associated with the stochastic nature of 
the interaction process assume increasing inportancej concepts like 'event 
size', 'local energy density' and 'event size spectrum' have then to be 
introduced. This approach has not yet been made in practical situations of 
concern in internal dosimetry. 

Very often we are not quite dear as to what is the biological end-point 
that is of relevance, although it is generally accepted that for comparatively 
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low doses as are encountered in routine occupational exposure or diagnostic 
nuoLear medicine procedures, the effects may be classified into two categories, 
vi« (i) those leading to the inpairmait of the functional integrity of the 
organ (this may be due to reduction in number of functioning cells or fibrosis 
with scarring) and (ii) induction of malignancies''. 

With all these conplicattons, the question arises: At what level should 
dosimetry be done? can we be satisfied with the conventional calculation of 
absorbed dose at tho organ level assuming a xmifonn concentration of radionu-
oLide? Or should we go down to the tissue, cell and even subcellular level? 
Should we consider the stochastic nature of the interaction process and enter 
into details of the microdosimetric ooneepts? What degree of sophistication is 
necessary and what degree sufficient? 

The problem is discussed in terras of some well-Iaiown examples of practical 
interest. 

Bone Dosiiaetry 

Bone dosimetiy is a classical exaaple of the inadequacy of the convent
ional organ dose conputation for an assessment of the potential risks. The 
inhomogenous structure of bene and bone cavlties(where the linear dimensions 
of the inhomogeneities are frequentOy of the same order as the range of ths 
ionizing partioLes), the varieties of cells at risk and the non-uniformity of 
distribution of the radioisotope make the situation conplex. A good deal of 
effort and ingenuity have gone into tho solution of the proKLem from both' the 
theoretical and experimental sides. Prom a consideration of the critical 
tissues for radiation damage, it is usual to calculate the following 
separately^? 

i) Dose to a very small tissue-filled cavity in the bone matrix, 11̂  
(to evaluate risk to osteocytes, cells lining Haversian canals and 
blood vessels in Haversian systems which are concerned with main
taining tho fimctional integrity of bone as a living tissue). 

ii) Mean dose to endosteal cells near the surface of bene trabeculae in 
the marrow cavities, Ds (osteogenic sarcoma risk^. 

iii) I'fean dose to active marrow in trabecular cavity Dm(leukaemogenesis 
risk). 

Typical results for radium and strantium-90 are sho\«i in Table 1*. 

Table 1 

Dose rate s in rad/year 

Radiation 

Tla series oC 

1 

from skeletal burden of 1 

Do 

36 

2.7 

i Dm 
• 

1075 

1T1 

uci 

Ds/Dm 

7 

a.-5 

It is only by a detailed consideration of the cells at risk that we are 
able to perceive a major difference between the alpha and beta emitters. In 
view of the limited range of alpha rays, the bone marrow dose is only a snail 
fraction of the endosteal dose in the case of alpha emitters. This is home 
out by experience vAiere we find that the incidence of letilcaemia in radium 
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poisoning cases has been ne&Ligibly low and osteogenic 3arcomas(and cancers of 
paranasal sinuses) are more common, with ^ S r both leukaemia and osteogenic 
sarcomas have been induced in animals. 

We sha l l next consider the question of non-uni fo i^ ty of d is t r ibut ion of 
radium(and strontixun) in bone. In addition to a diffuse d is t r ibut ion in the 
bone matrix, hot spots also occur where^te loca l concanti>ation may be 30-40 
times the average concentration^. For "Ela, the range of var ia t ion of concen
t ra t ion i s fa i th fu l ly ref lected in a corresponding range of variat ion of dose 
rates between the different concentration s i t e s (factor of 16). Due to the 
longer range of beta rays from ^ S r , the l oca l dose ra te var ia t ions are not 
tha t marked(factor of 3) • We s t i l l do not know whether tho hot spots play a 
role in radiat ion damage to bone and what the biological significance of the 
non-uniformity of damage i s . 

Neohydrin Posinetry 

Controversy was intense a few years ago whether ^%g-neohydrin shotild not 
be banned as a radiopharmaceutical for kidney and brain scanning in view of the 
h i ^ kidney dosesT. Neohydrin concentrates primari ly in the cortex from where i t 
i s eliminated C8ily very slowly* Since the co r t i ca l mass i s about half tha t of 
the kidney," tho dose to cortex would be twice t h a t to the Iddney as a whole had 
the isotope been laiifonaLy concentrated. The cortex dose can be taken.as 1^6 
rads and the medulla dose as 77 rads per mi l l icur ie of ^^Efe-4ieohydrin^. 

We may discuss the question a l i t t l e fu r the r . I s there firm evidaice to 
show t h a t 100 rads to the cortex i s necessar i ly more harmful than 50 rads to 
the kidney as a whole? What i s the biological end-point \!e are looking for? 
The na tura l incidence of malignant tumours of the kidney i s quite small; also 
there i s as yet no established case of radiatian-induced kidney tumour. I f 
malignancy i s not the c r i t i c a l end effect , we have next to ccnsider icpairment 
of functional i n t e g r i t y . At the leve ls used in diagnostic procedures, gross 
inpairment l i k e acute or chronic nephr i t i s i s ruled out and much milder damagfc, 
which cannot be unarfciguously pinpointed, must be considered'. I t appears t ha t 
the fine vasculature i s the his to logical s i t e of damage of primary icportahce 
in the pathogenesis of radiat ion induced nephrosderos is j the renal epithelium 
i s r e l a t i ve ly res i s tan t but i t may degenerate as a resu l t of damage to the fine 
vasculature^^ Since the proximal and d i s t a l pa r t s of the tubules l i e mainly in 
the cortex, i t i s not inconceivaKLe tha t seccndary tubular damage may be some
what more intense from 100 rads to cortex than 50 rads to t o t a l Iddney. fti the 
other hand, i t has been pointed out" tha t the effective surface area of the 
renal cortex i s about 4- times larger than the surface area of the Iddney. Hence 
the escape of the beta radia t ions from tho cortex wi l l reduce t h i s dose 
variat ion factor of 2 by an amount which has not yet been conputed. The 
uncertainty remains. 

^^'I-Human Serum AlbuMn Macroaggregates for Limg Scanning 

uncertainty in the effective t i ssue mass to be considered in the dose 
coEputation can be i l l u s t r a t e d by "'^'I HSA macroaggregates in lung scanning. 
If a homogenous distribution_of MAA in Itmgs i s assumed, average dose to lung 
i s about 1*5 rads for 30 uCi • I f a more r e a l i s t i c vdume d is t r ibu t icn i s 
assumed, v i z . the capi l lary bed of the lungs with a maan diameter of 10 urn, 
the average loca l absorbed dose i s nearly 5-5 rad . At the ce l lu la r l eve l , 
absorbed dose to capi l lary epithelium adjacent to an JIAft. p a r t i d e i s several 
orders of magnitude higher than the average loca l absorbed dose, although th i s 
extreme dose i s received only over a distance of one or two ce l l thiclaiesses. 
The problem i s the anatomical leve l a t which the dose i s to be evaltiated. I f 
the induction of nfeli^iancy i s the end-point of i n t e re s t , the in tegra l dose i s 

1165 



probably a valid indicator of the potent ia l hazard, we do no t yet Icnow the 
biological significance of the very high l e v d of loca l absorbed dose. 

A somewhat similar s i tuat ion ex is t s in the f i e ld of radiat ion protection 
for assessing hazar^as from plutonixun inhala t ion . 

Significance of Auger Effect 

Radionuclides decaying by electrcn capture and isomeric t rans i t ions are 
a t t r ac t ive in in vivo applications since they do not emit pa r t i cu la te 
radiat ions which give a radiat ion dose to the organ but do no t contribute any 
d i a ^ o s t l c i ^ormat icn , Saveral^such^radianudidea are now in commgn tise, e .g . 
5 lcr , 5 ^ e , 57oo, 58co, 67Ga,^5se, Bt^r, 123i, lf7Hg and ' ^ o , ^ ^ ^ / 
Oertain special features of tho electrcn capture process and the process of 
in te rna l ccnversicn consequent on gamma photon emission are of great relevance. 
After these two processes, the K or L she l l vacancy i n i t i a t e s o rb i t a l exc i ta -
t icn end electrons f a l l down from outer o rb i t s successively in to the vacancies 
in inner o r b i t s . Excess energy i s l o s t by X-ray emissicn i n par t but a l a i ^ 
pa r t of de-excitation occurs t h r o u ^ the emission by the Auger effect of 
several electrons of low energy with a range in t i s sue of l e s s than a micron. 
They, therefore, give a very high loca l dose to the t issue over a mlcrcai length, 
m addition t h e i r LET i s very high and hence a correspondingly high RBE/QP wi l l 
have to be postulated, leading to an intense loca l rem dose* we are s t i l l fa r 
from understanding the precise biological significance of t h i s peculiar featui« 
but some indications axe available in the case of 125i do^metry which we shal l 
touch upon subsequently. 

Another consequence of Auger electron emission needs a t t en t i on . As a 
r e su l t of tho release of several Auger e lect rons , the daughter atom i s l e f t 
with a strong posi t ive charge* I f t h i s charged nuclide i s botmd within a 
molecule i t a t t r a c t s electrons from various molecular posit ions and the 
posi t ive charges are d is t r ibuted throughout the molecule. Tho various p o s i t i 
vely charged atoms within the molecule stron&ty repel each other," which may 
lead to a v i r t ua l 'OOUIOEMC ejcplosion' of the molecule. 

^^^I Dosimetiy 

Conventional macroscopic dosimetiy of '^H in thyroid has been shovin to 
be en t i r e ly inadequate in view of the special charac ter i s t ics of the radiations 
from the radionuclide, and one has to go down to sTibcellular microdosimetcr for 
obtaining a be t t e r understanding of the p o s s i d e b i d o g i c a l ef fec ts of • * ^ . 
Since the range of Auger electrons i s small cocpared to the dimensions of the 
thyroid c e l l , the ceUUcolloid interface or the apical mentorane, which i s the 
seat of thyroid hormcne biosynthesis , receives a high dose. On the other hand 
the nudeus which i s fa r ther away gets only about one-fourth the dose to apical 
membrane. The var ia i icn betweoa the n u d e a r and apical menibrsaie doses i s 
accentuated in ti^rrotoxic c<aiditicn3 in view of the greater distance of the 
nuoLeus from the apical membrane of the coluiinar c e l l of the tl^srrotoxic ^Land. 
The d i n i c a l significance of these obser^/aticns has led to intense i n t e r e s t in 
the use of '^^I for therapy of thyrotoxicosis iJi preference t o ' ^ ' I * However 
the c l i n i c a l experience as well as the folLow-i^ periods axe aS ye t too small 
for an unambiguous concltision to be drav«°. 

The biological significance of the high LET of the Auger electrons and 
the pos s ib i l i t y of CQulomtdc explosion medianisms haw not yet been c l a r i f i ed . 
Perhaps since the ^^<L decay takes place mainly in the col loidal gel outside 
the apical membitaae the l a t t e r effect may not be c r l t i c d ^ . 
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Oa. the contrary i f 125i i s attached to essent ia l s t ructures such as Wk 
the influence of the charge t ransfer processes and the associated Couloiribic 
e^gxLosion effects may be conparable to i f not outweigh the radiat ion effects 
in producing the biological e f f ec t . This has been demonstrated'O*^Awhile 
sttrdying the re la t ive effect of varying doses of ''25i-udR. i3''i-udR and %-TdR 
on pro l i fe ra t ing mouse ce l l s in vivo* The t o x i c i t y of '^^^L-Vd'R was reported to 
be 10 times greater than t h a t witai ''E -̂TdR when these specific precoursors of 
MA were u t i l i s e d t y e i the r bone marrw^ c e l l s , or prol i fera t ing ce l l s in the 
whole body in general* A s i c i l a r finding was reported with asc i tes tumor ce l l s 
a l s o . The greater radiotoxlc i ty of "'25i-udR has been explained as due to a 
var ie ty of factors induding ( i ) differences in energy deposition in the ce l l 
nudeus per dis integrat ing atom ( i i ) greater inhomogeneity in the dis t r ibut ion 
of energy aromd the s i t e of decay in the case of ' ' 25 i ( i i i ) transmutational 
effects of '25i^ specia l ly the consequences of mdecular explosicsi* 

^<Fe Dosimetry'2 

^ ^ e , an electrcn capture radionuclide, i s an inpoiiiant neutron activation 
product found in fall.out. Levels as high as 3 pCi/n^ dood have been recorded 
in New York res iden ts . I t has been conputed t h a t the dose to erythrocytes i s 
about 10 times tha t to whole d o o d since the Auger electrons deposit t h e i r 
energy en t i r e ly within the erythrocyte i t s e l f •vrtiere the 55pe i s t a ^ e d * Dose 
to 8iggregates of f e r r i t i n mdeeules in which highest concentration of iron i s 
found has been calculated to be about 200 times tha t to erythrocyte* However, 
the c r i t i c a l tisstis in t h i s case i s perhaps the erythrocyte precjursor ce l l s in 
the bone mamow x^erein a concentraticn around one-third of t ha t in erythrocyte 
has been found, leading to a dose around 3 times the dood dose. 

Skin Dosimetry 

Skin dosimetry has acquired some urgency in view of the increasing use of 
short- l ived isotopes l i ke '•'•^ii^ and 99n^c in n u d e a r medicine, m the mUfe-
ing of the generator, the preparation of the radiopharmaceuticals and inject icn 
to the p a t i « i t , l eve ls of several tens of i d l l i c u r i e s have to be handled a t a 
time* The t i p s of two or three f ingers , in par t icu la r , get exposed to s ign i f i 
cantly high doses(arovind 10 mreiVsnCi-min) * I f the ICRF dos© l i m i t of 75 ren / 
year to hands i s not to be exceeded, we would be severely curtai led in the 
scop* of work) not more than two or three brain scanning preparations can be 
handled per person per week* 

In th i s connectian the heal th p h y s i d s t turns to ICRP for grddance. A 
reijort of an ICRP T&sk Group'' has something t o say on sldn dosimetry* The 
report recognises tha t the end-point of relevance here i s no t carcinogenesis, 
since the skin i s r d a t i v e l y highly rad iores i s tan t , but radiation dermat i t i s . 
According to tho report , in the case of i r r ad ia t ion of par t of a t i s sue , the 
s ignif icant parameter i s the nean dos© to the en t i re t i s s u e . I f only a 
fract ion/of t i ssue i s exposed, the dose allowed can be l / f of dose l im i t for 
the whole organ. Qi t M s bas i s , i f the dose l i m i t for ent i re skin with an 
area of about 2 square meters i s 30 ren/year, the dose to 1 cm2(of the order 
of high exposure areas of finger t i p s ) could go as high as 60 kilorems. So 
why need we worry? 

But the s i tuat ion i s not t ha t siapile. There i s a l imi t beyond which tJio 
above concept cannot be extended. A v i t a l consideration i s the range of dose 
r a t e over which effective l i n e a r i t y of dose response can be assumed to hoM. 
The point a t wltLch departure from l i n e a r i t y occurs wi l l depend on the p r e d s e 
ce l lu la r nechanisms involved and the extent to x/hich abscopal effects come 
i n t o p lay . I t may happen tha t a t h i ^ doses the respcjnse may be higher than 
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would be predicted from a linear hypothesis since a number of contiguous cells 
are affected and irrepairable physiological damage octjurs. Bie Report says 
that linear response can be assumed yjp to hundred revs per year and possidy 
several hundred rems per year, and reconmends that 'the present limit of 30 
reu/year averaged over 1 om^ of skm be increased to at least 100 rene in a 
year with a proviso that irradiation of the same area year after year should be 
avoided if posside'. Tte health physidst wishes that tbs ICRP Task Group 
had categorically set a specific limit, say 500 rems per year, instead of 
vaguely leaving it at,'at least 100 rems per year', so that he could ask the 
teobnidans, with some authoritative sanction behind him, to accept a hi^tor 
work load with the generators. Note again the words, 'if possible'. In the 
present case of working with generators the irradiation is going to be 
received by the same area year after year unless a right handed person couM be 
persuaded to becoma left-handed. Of course there is no sanctity about the 
limit of 1 cm2 which is taken as the 'significant area' for averaging and the 
Bsport says ' 1 cn^ seems reasonade on grounds of operational convenience'. 

Oondusion 

m th i s present paper dosimetiy a t different anatomical l eve l s has been 
presented with the help of specif ic examples, m each case probable b iologi
cal significance of such dose estlmaticn a lso has been brought out* However, 
s t i l l there are several uncsertainties in the biological significance of such 
deta i led dose estimates and the inportanoe of the p o s s i d e transmutational 
ef fec ts with electron capture radionuclides. 
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CONTAMINATION OF AIR AND SURROUNDINGS BY PATIENTS TREATED 
WITH LARGE QUANTITIES OF IODINE 131 FOR THYROID CARCINOMA 

C.H. Marshall ,Ph.D.,R. Chandra, Ph.D., Manfred Blum, M.D. 

New York University Medical Center 
560 First Avenue 
New York, New York 10016 

Abstract 

On six occasions patients were treated with radioiodine for 
thyroid carcinoma and were isolated. The administered doses were 
in the range of 100 - 200 mCi of ^-^M. All items from the room 
were collected, to determine the typical contamination deposited 
during the therapy. Continuous air monitoring was also performed. 
The total contamination collected on such items as bedding, towels 
and eating utensils was typically of the order of 1 mCi. Contami
nation of these items varied erratically during the first three 
days of therapy. Abnormally high levels of contamination were as
sociated with certain medical disorders. Air burdens were in the 
range of 10 - 200 pCi per litre during the first day and usually 
declined progressively during the course of therapy. 

• 
Introduction 

In radioiodine therapy of thyroid carcinoma, 100 mCi or more 
of 131i is administered to the patient orally. This presents a 
unique radiation protection problem in the hospital since the pa
tient is both a radiation source and a source of environmental 
contamination. The problem of managing the patient as a source of 
radiation is one which is common to other forms of., therapy where 
radioactive material is administered or implanted.' The magnitude 
of the contamination problem with 131 j .,• ̂  f^^^ generally recognized 
Most of the material is excreted in the urine and feces, but a 
few percent is excreted in saliva and perspirati on.2 During the 
initial hours after administration the saliva is especially rich 
in 1 31 I, This leads to contamination of the air and items in con
tact with the patient and other items in the room. Previous 
studies have attempted to determine the resulting 131i burdens in 
medical and para-medical personnel caring for such patients »̂ ̂  
and the dose to relatives exposed to outpatients treated with 
relatively small quantities for hyperthyroidism ^' . We have des
cribed preliminary results of a study in which patients were iso
lated for a few days following administration of material for 
carcinoma therapy, during which time, room air contamination was 
determined. This paper is an extension of this latter study. 
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Experimental Details 

This experiment has been in progress since May 1970. Five 
patients were treated and followed in this study, and one received 
two treatments during this interval, and was thus studied twice. 
The administered doses were in the range of 100 - 200 mCi as shown 
in table 1. Each patient was located in a private room and isola
tion precautions were observed. The nurses were supplied with 
over-gowns and gloves which they wore each time they entered the 
patient's room. Routine room cleaning operations were suspended 
during the days in which the patients were isolated. Food was 
supplied on disposable dishes and with disposable utensils. Each 
day the bedding and towels, and the disposable dishes and utensils 
and remaining food items were sealed into plastic bags and labeled 
accordingly. Some areas of the floor and particularly the bath
room floor, were covered with heavy brown paper which remained in 
place until the end of the period of observation. Air was sampled 
by drawing room air through two tubes in series filled with silver 
nitrate solution, using a pump of approximately two litres per 
minute capacity. This trap was placed about 1 meter from the bed
side. The patients were allowed to move about within the room and 
were not unduly distressed by these special precautions, which 
were continued until the quantity of material in the patient had 
fallen below approximately 30 mCi. The rooms were well ventilated 
and the air changed approximately once per hour. 

After the patient had been discharged, the bags of potenti
ally contaminated items were counted in the whole body facility at 
New York University Medical Center. This consists of a single 8 
inch sodium iodide detector which was placed sufficiently far from 
each of the bags of contaminated items to give less than 20% vari
ation in detection sensitivity over the volume of each bag. 

The air sampler flow rate was determined with the full 
impedence of the silver nitrate traps present. The quantity of 
iodine trapped in the silver nitrate during each sampling interval 
was determined by counting in a standard well-type scintillation 
counter. Comparison of the quantity trapped in the first and 
second tube indicated that this trap could be considered essen
tially 100% efficient for this source of air-borne radioiodine. 

Results 

The contamination collected on bedding, towels, dishes, 
utensils and other items is summarized in table 1. These values 
were all corrected for decay of the radioactive material between 
the time of collection and the time of measurement. The quantity 
of contamination found on bedding and utensils varied erratically 
during the several days of the therapy as shown. The average 
total of l-̂ ll contamination on bedding, dishes and utensils 
averaged over all patients and normalized to 150 mCi administered 
dose is shown in table 2 for successive days of treatment. The 
concentration of radioiodine in the air is summarized in table 3, 
for the same five patients. Air sampling was not performed during 
the first treatment of patient A. Averaqe air concentrations 
(normalized to 150 mCi administered dose) are also shown in 
table 3. 
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TABLE 1 Contamination 
Towels, Dishes, Utensil 

measured on Bedding, 
s, and Bathroom Floor 

Day 

B e d d i n g & 
Towel s 

D i s h e s & 
U t e n s i l s 

TOTAL 

1 

140 
( 2 - 5 0 0 ) 

100 
( 2 - 4 0 0 ) 

2 

100 
( 2 0 - 3 0 0 ) 

50 
( 6 - 1 5 0 ) 

3 

90 
( 2 0 - 2 5 0 ) 

50 
( 5 - 1 0 0 ) 

4 

130 
( 2 - 3 0 0 ) 

180 
( 3 - 4 0 0 ) 

TOTAL 1-4 

400 
( 6 0 - 1 0 0 0 ) 

300 
( 1 5 - 9 5 0 ) 

700 
(150 1500) 

TABLE 2 Mean and (Range) of Contamination Measurements 
Normalized to 150 mCi Administered Activity 

P a t i e n t 

B 

C 

A2 

D 

E 

N o r m a l i z e d 
Mean 

C o n c e n t r a t i o n i n A i r ( p C i / l i t r e ) 

Day 1 Day 2 Day 3 

59 

26 

178 

15 

10 

55 

124 

73 

7 

8 

47 

77 

48 

5 

37 

TABLE J Measured Concentration of l^lj •,„ A I ^ a^j fi\g^„ 
Concentration Normalized to 150 mCi Administered Activity 

Items 

Nurses Gown 
Thermometer 
Telephone Mouthpiece 
Nightgown 
Water Jug 

Activity (uCi) 

1 
60 
0 3 

71 
3 7 

TABLE 4a Contamination Measured on Representative Items 

Items 

Paper Tissues 
Respi rator 

Activity (uCi) 

3400 
252 

TABLE 4b Exceptional Contamination on Individual Ite 



Contamination found on some individual items of special 
interest is listed in table 4. The figure of approximately 
1 microcurie total contamination on the nurses isolation gowns 
was typical for all patients except where contamination by 
vomitus, stool or urine occurred. Following accidental contami
nation by stool, about 100 uCi was detected on an isolation gown. 
Thermometers, toothbrushes and containers for dentures were always 
contaminated. The telephone mouthpiece was always slightly con
tami nated. 

Di scussion 

The air burdens and the levels of contamination were related 
to the behavior of the patients and to their medical problems. 
For example, levels of contamination on bedding were clearly 
related to the radioactivity in perspiration, to the time each 
patient spent in bed, and to medical problems such as inconti
nence. In general, contamination was either due to contact with 
saliva, perspiration, urine, feces or vomitus, or to exposure to 
iodine in air. The latter was assumed to be due to saliva spray 
but could also involve oxidation and volatilization of iodine on 
contaminated items. 

The pathways of iodine metabolism, the time interval after 
ingestion of the isotope and the thyroid functional status of the 
patient influence the excretion and dissemination of radioiodine. 
Early on, the material is largely in inorganic form and extra-
thyroid in location. It is cleared from the blood efficiently by 
the salivary glands and kidneys leading to abundant contamination 
of saliva .and urine and some radioactivity in sweat. After 24 
hours radioiodine is mainly present in the form of thyroxine, a 
small proportion of which is excreted in stool. In hypothyroid 
individuals hormone synthesis is reduced and a relatively larger 
proportion of the '31j js excreted in the saliva and urine than 
in euthyroid or hyperthyroid patients. Furthermore, in the 
former patients the isotope persists in these biologic fluids for 
prolonged peri ods. 

In general, iodine levels in air declined progressively 
after the day the radioiodine was administered (table 3) with 
the exception of patient C. This patient had copious salivation 
during periods of nausea. Since this patient had large metas
tases to the liver and subsequently developed granulocytopenia, 
the nausea and salivation were attributed to symptoms of mild 
radiation sickness. As a result of the excess salivation approxi
mately 3mCi of 131 I was deposited in disposable paper tissues 
during the first four days of therapy. The air burden also 
differed from the general case since the concentration increased 
during the first two days before declining. This is shown in 
detail in figure 1. Figure 1 also shows the pattern observed 
for patient A2 who was also associated with a high air burden. 
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Figure 1. Concentration of 131i in Air After 
Admini stration of Radioiodine to Patients A2,C. 

Total contamination on bedding, towels, dishes and utentils 
was greatest for patients C and E. The high value for patient C 
was due to exceptionally high contamination on dishes and uten
sils and this was consistent with the excess salivation problem. 
Patient E had an enlarged prostate and suffered from hesitancy 
in voiding and dribbling after completion of the urinary stream. 
Abnormally high levels of contamination on the bathroom floor and 
on towels and bedding were associated with these problems. One 
patient suffered a transient cerebral ischemic episode and 
required the use of a respirator, which was consequently contami
nated as shown in table 4. 
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ssuming that there is constant occupancy 
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half life in the presence of the patient, 
10^ litres of air per day, 23 percent of 

e thyroid and decays with a 7.6 day ef-
the initial concentration in air is in 
in table 3, then the maximum thyroid 
.1 - 1 uCi and is reached in 4 days, 
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room or if relatives were exposed to an 

iods. The situation would presumably be 
re not changed by a central air condi-
either static or recirculated by a single 
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er carcinoma therapy.^ Medical and para-
ly exposed to air contamination for a 
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period of 10 minutes would potentially 
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thyroid burdens in the range of 0.1 - 1.8 nCi reported for medical 
and paramedical personnel from this institution following admini
stration of 100 mCi doses of radioiodine to patients for thyroid 
carcinoma.^ Thyroid burdens in paramedical personnel of approxi
mately 0.1 uCi reported for other institutions are consistent 
with our measurements of air burdens only if long periods of 
exposure are assumed, or if the rate of air change is less than in 
this institution. 

Conclus ions 

The levels of contamination following radioiodine therapy 
for thyroid carcinoma are much larger than those normally tolera
ted in an open laboratory. Air burdens exceeded the MPCa values 
for controlled areas (9 pCi/litre, 40 hour week and 3 pCi/litre, 
168 hour week°). However, thyroid measurements on medical and 
paramedical personnel and predictions based on our observations of 
air burdens indicate that such personnel will not accumulate ex
cessive thyroid burdens if the patient management is well con
trolled. The problem of managing these patients is discussed in 
NCRP 37I, where it is stated that patients may contaminate dishes, 
utensils and bedding, whereas we have found this to be invariably 
the case. The problem of air contamination is not discussed in 
the report. We consider that it is important to recognize that 
the contamination problem continues to be significant for 3 or 4 
days following administration of radioiodine and that significant 
air burdens are present during this time. Radioiodine therapy is 
of proven value and importance but we consider that patients should 
generally be hospitalized for 3 or 4 days and should be managed 
with attention to the contamination and air burden problems. The 
considerations for radiation safety are closely related to the 
nature of the patient's medical problems, the pathways of iodine 
metabolism and the routes of iodine excretion. 
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A COMPREHENSIVE APPROACH FOR 'THE EVALUATION OF COMPARATIVE 
DOSIMETRY OF INTERNALLY ADMINISTERED RADIOPHARMACEUTICALS 

Parvathi Hosain and Fazle Hosain 
Department of Radiological Science 

The Johns Hopkins Medical Institutions 
Baltimore, Maryland, USA 

Abstract 

Recent innovations both in instrumentation and radiopharmaceuticals 
are helping nuclear medicine to develop as a discipline in medical 
practice primarily for diagnosis with an emphasis on scanning. Radiation 
safety of a radiopharmaceutical is based on the assessment of the 
radiation exposure to the critical organ from a tracer dose. It is also 
important to consider relative tracer doses necessary for an optimal 
result for selecting one of the several radiopharmaceuticals available 
for a similar investigation. A comprehensive formulation of an index 
has been attempted for the relative dosimetry integrating mainly 
(i) conventional method of dose calculation, (ii) physical properties 
of radionuclide, (iii) available nuclear instrumentation, (iv) metabolic 
fate of radiopharmaceutical, and (v) gross considerations for radio-
sensitivity of organs and dose rate. This approach has been illustrated 
considering the situation of brain scanning using Hg-197 chlormerodrin, 
Tc-99m pertechnetate, Tc-99m DTPA, short-lived In-113m DTPA and 
long-lived Yb-l69 DTPA. 

Introduction 

Nuclear medicine is appearing as a discipline in medical practice 
which involves primarily the use of radiopharmaceuticals for diagnosis. 
Recently scintigraph has attained tremendous importance due to availa
bility of advanced nuclear instruments and short-lived radiopharmaceuti
cals. Agents with high photon yield with low radiation dose are 
considered most desirable for clinical use. 

Large number of radiopharmaceuticals are being developed in order 
to scan various organs and diseased conditions, and to improve the 
existing methods. Acceptance of any new product for clinical use 
depends on its cost, efficacy, specificity, toxicity and dosimetry. 
Although radiation exposure is an important consideration, it is 
difficult to control the medical applications by any formal method 
due to the fact that the primary interest lies in the immediate benifit 
to the patient. 

The present exposition has been aimed to provide a guideline 
for the evaluation of relative dosimetry while choosing one of the 
several similar agents. 
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Comparative Dosimetry 

Conventional method of dose calculation has been improved and 
standardized greatly-"-. It is based on the utilization of physical 
properties of radionuclides, absorbed fraction of the radiation, and the 
metabolic fate of the radiopharmaceutical. It provides a practical 
value for the concept of safety with a recommended tracer dose for a 
clinical study. It could be expressed by 

D ( r a d s / m C i ) = 1000 c/m 1.4-A- TglA<^ = R.A (1) 
where, R is the maximum dose rate (rads/mCi/hr) to an organ of mass m gm 
(=lOOOZA0/m), and A is the area under time-concentration•curve 
(approximately equal to 1.^^ c Tg where c is the maximum fractional 
concentration and Tg is the effective half-life in hours). 

Comparative dosimetry becomes important when several similar agents 
are available for a particular investigation. Usually the tracer dose 
is adjusted to keep the radiation dose within a safe limit. However, an 
appropriate approach should be to find out the relative amounts of 
tracer doses that would give similar measurable count rate at the time 
of study. Occasionally this method has been adopted^. The relative 
tracer dose could be expressed by 

T (mCi) = l/(f.e.d) (2) 
where, f is the fractional yield of the photons used for detection, 
e is the detection efficiency of the instrument or at least the 
photo-peak interaction coefficient, and d is the activity remaining after 
decay or elimination by the mean time of the study. It is assumed that 
the target to non-target ratio for the different agents remain 
approximately the same. 

The variations in radiosensitivity of crital and other organs have 
always raised questions in mind, but it is difficult to assign any 
quantitative value. However, it is well known that bone marrow is most 
radiosensitive. It would be reasonable to ascribe an emperical 
sensitivity factor (.SQ) of 3, 2, and 1 respectively for bone marrow 
(and gonads during reproductive age), gastrointestines, and the rest of 
the organs. Further, it is also desirable to incorporate a sensitivity 
factor for increased dose rate (S^). Emperically, D/R (= 1.^^ Tg) = 
10— may be used for a normalization of dose-rate sensitivity: assuming 
n=0 for normal condition (Sp = 1), one could arrive factors like Sp = 
l/(n-)-l) or (n-fl) for -i-n or -n values, the intermediate values could be 
obtained graphically. As an example, S^ = 2 if 10 rads are delivered 
at the rate of 10 rads/hr instead of 1 rad/hr. 

Then, S = SQ . Sj, (3) 
In summary, the normalized radiation dose (NRD) for different 

radiopharmaceuticals used for similar investigations can be expressed 
by 

NRD = R . A . T . S ik) 
It is assumed that the radiopharmaceuticals are pure, otherwise the 

contributions of any radionuclide impurity and any radiochemical impurity 
should be taken into consideration. 

Example of Brain Scanning 

Mercury-197 labeled chlormerodrin has been and is being used for 
brain scanning3, although technetium-99m pertechnetate has become the 
most preferred agent^. Chelates (DTPA) labeled with Tc-99m5, In-113m° 
and Yb-l69' can be used for brain scanning. Kidneys, upper large 
intestine and bladder could be taken as the critical organs for 
chlormerodrin, pertechnetate and chelates, respectively. 
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The radiation doses for the different agents were calculated by 
taking values of nuclear parameters (except for ytterbium-l69 ) and 
absorbed fractions of energy for different organs from MIED pamphlets . 
Biological factors (such as, concentrations in organs, biological 
half-lives, time of study after administration of tracer dose, and usual 
tracer doses) were assumed. However, these assumptions were based on 
various publications (such as the summary in a text book"). Estimation 
of relative tracer dose was based on the useful photon yield, photo-peak 
interaction coefficient of useful photon energy in 2-inch Nal crystal 
(thickness), and the fractional activity remaining after effective loss 
by the mean time of study. Relative tracer doses were then normalized 
to 10 mCi of Tc-99ni pertechnetate. Further, it was assumed that a 100% 
of the dose was initially uniformly distributed in the total body and 
remained uniform although the fractional concentrations in different 
organs were different. The emperical sensitivity factor for dose rate 
was obtained using a semi-log plot of lOi'̂  -̂  (for l,kk Tg values) 
against _j;n. 

Table 1 and Table 2 represent the basic physical and biological data. 
Table 3 shows the aspects of dosimetry for the total body. Table k 
summarizes the results for the critical organs. 

Table 

Labeling 
nuclide 

Hg-197 
Tc-99m 
Tc-99m 
In-113m 
Yb-l69 

_1: Basic physical 

Chemical 
agent 

Chlormerodrin 
Pertechnetate 
Chelate (DTPA) 
Chelate (DTPA) 
Chelate (DTPA) 

data for the radiopharmaceutical 

Physical 
half-life 

(hr) 

65.0 
6.0 
6.0 
1.67 

763.2 

Useful 
photon 
energy 
(keV) 

67-81 
1^0.5 
140,5 
393.0 
177 & 
198.0 

Useful 
photon 
yield 

(%) 

90.8 
88.3 
88.3 
65.^ 
55.3 

Usual 
tracer 
dose 
(mCi) 

0.75 
10.0 
10.0 
15.0 
10,0 

Table 2: Basic biological data for the radiopharmaceutical 

Agent 

Hg-197 Chlor. 
Tc-99m Pert. 
Tc-99m DTPA 
In-113m DTPA 
Yb-169 DTPA 

Photo-peak 
in teraction 
coefficient 
(2 -in Nal) 

1.00 
0,98 
0,98 
0.77 
0.97 

Biological 
half-life 

(hr) 

6 
^8 
2 
2 
2 

Time gap 
of study 

(hr) 

3.0 
1.0 
0.5 
0.5 
0.5 

Relative 
tracer 
dose 
(mCi) 

13.6 
10.0 
11.6 
2if.7 
17.2 

rAc^ for 
total 
body 

0.225 
0.130 
0.130 
0.if7A-

0,55^ 
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Table 3• Calculation of dosimetry for the total body 

Agent Dose rate Area under Radiation Rads per Normalized 
rads/mCi/hr cone.-time dose usual rads/test 

curve (rads/mCi) tracer 
(lAk cTg) dose 

Hg-197 Chlor. 
Tc-99m Pert. 
Tc-99m DTPA 
In-113m DTPA 
Yb-169 DTPA 

0.0032 
0,0019 
0.0019 
0.0068 
0.0079 

7.91 
7.68 
2,16 
1.31 
2.87 

0.0253 
O.OlkG 
COO^fl 
0.0089 
0.0227 

0.018 
0.lif6 
0.0^1 
0.089 
0.227 

0.38 
0,16 
0,08 
0,^1 
0.60 

Table k: Calculation of dosimetry for the critical organ 

Agent 

Hg-197 Chlor. 
Tc-99m Pert. 
Tc-99m DTPA 
In-113m DTPA 
Yb-169 DTPA 

Concerned 
organ 

Kidneys 
UL intest. 
Bladder 
Bladder 
Bladder 

Fractional 
cone, (c) 

0.2 
0.1 
0.5 
0.5 
0.5 

Biological 
half-life 

(hr) 

170^ 
12 
2 
2 
2 

Discussion 

Rads per 
usual 
tracer 
dose 

8.2 
0.8 
1.5 

.̂5 
10.6 

Normalized 
rads/test 

75.9 
2.0 
2.8 
20.8 
28.1 

Radiation dose rate (R) can be calculated with a high degree of 
accuracy except when the mass of the concerned organ is variable or 
uncertain (such as bladder with urine-'-'̂ ). Considerable uncertainity 
could be inherent with 'A' due to difficulties in obtaining distribution 
patterns of the radiopharmaceuticals in human organs under normal and 
diseased conditions. Relative tracer doses could be calculated with 
sufficient accuracy if instrumental sensitivity for different agents 
(radionuclides) are determined experimentally. Quantitative assessment 
for radiosensitivity would remain a radiobiological problem particularly 
with reference to dose rate. However, it does not seem very unreasona
ble, at present, if a factor of 2 is used to increase the index of radi
ation dose when 10 rads are delivered at the rate of 10 rads/hr instead 
of 1 rad/hr. 

Reduction of radiation doses in diagnostic uses of radioisotopes has 
remained an important consideration from the point of view of exposure 
to patient and population. In earlier days, usually low level counting 
techniques have been considered to reduce the tracer dose^. In recent 
days, it appears that the diagnostic values are being enhanced by 
quantitation of scans with computers in studies with multi-millicuries 
of short-lived radiopharmaceuticals^^. In practice, one has to compro
mise to certain extent the radiation dose with the specificity, efficacy 
or the cost of the radiopharmaceutical. In the growing phase of the 
development of radiopharmaceuticals, it is hoped that the present consi
deration would help in the selection of the agent to reduce the radia
tion dose in an investigation under optimal condition. 

1178 



Acknowledgment 

The authors wish to thank Prof. Henry N. Wagner, Jr., and the United 
States Public Health Service (for partial support with GM-10548). 

References 

1. MIRD Pamphlets; J. Nucl. Med. Suppl. No. 1-3, I968 & I969. 

2. Hosain, P., Hosain, F. , Iqbal, Q..M. , Carulli, N. , and Wagner, H.N. , 
Jr. : Measurement of plasma volume using 99mTc and 113niij;i labeled 
proteins. Br. J. Radiol. 42: 627, I969. 

3. Wagner H.W., Jr.: Principles of Nuclear Medicine. W.B. Saunders Co 
1968, p. 663. 

k. Blahd, W.H.: Nuclear Medicine. McGraw-Hill Co,, 1971, p. 2^3. 

5. Hauser, W, , Atkins, H.L., Nelson, K.G., and Richards, P.: 
Technetium-99m DTPA: A new radiopharmaceutical for brain and kidney 
scanning. Radiology 9^: 679, 1970. 

6. Clements, J.P., Wagner, H.N., Jr., Stern, H.S., and Goodwin, D.A.: 
Indium 113m diethyltriaminopentacetic acid (DTPA): A new radiophar
maceutical for brain scanning. Am. J. Roentgenol. lOh: 139, 1968. 

7. Gilday, D.L., Reba, R.C., Hosain, F., Longo, R., and Wagner, H.N., 
Jr.: Evaluation of ytterbium-l69 diethylenetriaminepentaacetic acid 
as a brain-scanning agent. Radiology 93 •' 1129, I969. 

8. Syed, I.B., and Hosain, F.: The basic dosimetry for ytterbium-l69 
chelate. (To be published). 

9. Powsner, E.R., and Raeside, D.E.: Diagnostic Nuclear Medicine. 
Grune and Stratton, Inc., 1971, PP. l84-l85. 

10. Hosain, P., Syed, I.B., and Hosain, F.: Radiation dose to bladder 
from radioactive glomerular agents (abst.). Phys. Biol. Med. 17: 
866, 1972. 

11. Hosain, F.: Reduction of doses in diagnostic uses of radioisotopes, 
Ind. J. Med. Res. 48: 250, I96O. 

12. Wagner, H.N., Jr., and Natarajan, T.K.: Computers in nuclear 
medicine. Hospital Practice 7: 121, 1972. 

1179 



REDUCTION OF RADIATION EXPOSURE TO NUCLEAR MEDICINE PERSONNEL 
BY THE USE OF NEW "INSTANT" TECHNIQUES FOR PREPARATION 

OF TECHNETIUM RADIOPHARMACEUTICALS 
Philip J. Robbins*, Byron M. Branson and Richard J. Grant** 

*Nuclear Medicine Laboratory, Bureau of Radiological Health, FDA 
and **Radioisotope Laboratory 

at University of Cincinnati Medical Center 
Cincinnati, Ohio 45229 

Abstract 

Radiation exposure to the hands from the preparation of 
99mTc-Sn-MAA from an instant kit and ^^mTc-HAM from a non-instant 
kit has been measured by thermoluminescent dosimetry (TLD). The 
exposure to the fingers from the preparation of 10 0 mCi of 
99mTc-HAM exceeded the exposure from preparation of the same 
amount of ^^n^Tc-Sn-MAA. An exposure of 153 mR/100 mCi of prepared 
radiopharmaceutical to the left middle finger was the highest 
value recorded in the study. 

Introduction 

Use of short half-lived radiopharmaceuticals such as 99mTc 
and 113min compounds has greatly reduced patient exposure in 
nuclear medicine while requests for diagnostic procedures using 
these radionuclides have increased. Because of the short half-
lives of 99mr[ic and H^min, these radiopharmaceuticals must be 
prepared on the day of use. Pre-tested vials of sterile, pyrogen-
free reagents (kits) have streamlined the preparation of various 
radiopharmaceuticals but personnel contact with the radionuclide 
extends 10 to 90 min beyond the normal time for generator elution 
and transfer of patient dose to a syringe. 

This study was designed to measure the radiation exposure to 
experienced nuclear medicine personnel preparing the lung scanning 
agents, technetium-99m macroaggregated albumin (99mTc-Sn-MAA) using 
an instant kit and technetium-99m human albumin microspheres 
(99mTc-HAM) using a conventional kit. An instant kit is one which 
requires a minimum number of manipulations and can be prepared 
quickly. Our kit for 99mTc-Sn-MAA meets these requirements. 
Technetium-99m human albumin microspheres is prepared from a con
ventional kit requiring many manipulations and 2 5 min elapsed 
time. The methods of preparing 99mTc-Sn-MAA and 99mTc-HAM will be 
described to illustrate the various steps in which unnecessary 
exposure to personnel may occur. 

Table 1 lists the various 99mTc radiopharmaceuticals prepared 
in nuclear medicine laboratories and the typical maximum quanti
ties of 99mTc used. The exposure time is the period during which 
personnel handle the radionuclide directly or remotely on a daily 
basis. 

If one person prepared all the radiopharmaceuticals without 
shielding, on a typical day he could be exposed to 200-300 mCi of 
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99mr[,c for 30-40 min. This, in fact, is not the case since an L-
block shield^ and lead generator eluate shields (cylindrical 
shields)2 are used to minimize the exposure. Handling the vials 
restricts the exposure to the fingertips, wrists, and forearms. 

Table 1 Quantity of 99mTc used and daily exposure times for 
typical radiopharmaceuticals 

Quantity Exposure Time 
(mCi) (min) 

Tc-sulfur colloid 

99m 
Tc-human serum albumin 

9 9m 99m 
Tc-macroaggregated albumin ( Tc-MAA) 

99m 9 9m 
Tc-macroaggregated albumin ( Tc-Sn-MAA) 

9 9m 
Tc-DTPA 

9 9m 
Tc-diphosphonates 

9 9m 99m 
Tc-human albumin microspheres ( Tc-HAM) 

50 

30 

120 

120 

15 

70 

140 

5 

1 

10 

2 

1 

1 

14 

It can be seen from Table 1 that the exposure from 99mTc-MAA 
or 99mTc-HAM would exceed the exposure from other radiopharmaceu
ticals if only the quantity and the exposure time are considered. 
The technique for preparation of 99mTc-Sn-MAA, developed by this 
laboratory^ requires less than 5 min elapsed time, and involves 
an exposure time of only 2 min. It was thought that this 
shortened exposure time would be of advantage in terms of personnel 
effort and radiation exposure. 

Methods and Materials 

The modification of the method of Robbins et al.3 outlined 
in Table 2 was used for preparing 99mTc-Sn-MAA. Fifty to one 
hundred twenty mCi of 99mTc were handled in its preparation. 

Table 2 Preparation of ^^rnijc-Sn-MAA 

1. Add 1 ml tin stock solution to a vial containing 
albumin macroaggregates 

2. Swirl 

3. Add ^^"^Tc04 ( 5 ml) 

4. Swirl 

5. Centrifuge and withdraw supernatant solution 

6. Reconstitute with 6 ml saline 

7. Assay in dose calibrator 

Technetium-99m human albumin microspheres were prepared according 
to the method described in the 3M Company package insert using the 
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3M brand ^^n^Tc-HAM kit.^ An outline of this procedure is given in 
Table 3. Fifty to one hundred forty mCi of 99mTc were handled in 
this procedure. 

99m Table 3 Preparation of Tc-HAM 

To the labeling vial, containing microspheres and a 
thiosulfate tablet: 

1. Add 99mTcO~ -(10 ml) 

2. Sonnicate 2 min 

3. Agitate in boiling water 6 min 

4. Cool in water bath 1 min 

5. Withdraw all liquid from labeling vial 

6. Add 10 ml saline suspending solution 

7. Sonnicate 1 min 

8. Withdraw liquid from labeling vial 

9. Add 10 ml saline suspending solution 

10. Assay in dose calibrator 

The 3M brand albumin microsphere labeling system, composed of the 
labeling and suspending unit, and rinsing unit and a shield with 
lead-glass window for the tagging vial were also employed through
out the 99mTc-HAM preparation. 

Exposure data were obtained from duplicate sets of TLD's 
placed on the distal medial aspect of the thumb, the distal 
lateral aspect of the middle finger, the distal medial aspect of 
the ring finger, and the anterior wrist surface of each hand. The 
TLD's were worn during five or more preparations of each radio
pharmaceutical so that the exposure was accumulated while handling 
more than 50 0 mCi of 99mTc;. An average exposure was calculated 
from the two measurements at each point. The exposure is ex
pressed as mR per 10 0 mCi prepared. LiF chips consistent to with
in ±5% were used in these studies (TLD 100's, 1/8 x 1/8 x 0.035 
in). Six TLD's, arranged two each at 3, 5 and 8 cm from the cen
tral point source, were exposed to 17 mCi 9 9mTc for 20 min for 
use as standards. The TLD's were readout in a TLR-5 Eberline 
Reader using standard techniques. 

Results 

Table 4 contains the results of measuring hand exposure 
during preparation of 99mTc-Sn-MAA and 99mTc-HAM. While handling 
a total of 523 mCi of 99mTc for nine batches of 99mTc-Sn-MAA, the 
total quantity prepared was 4 97 mCi with an average tagging yield 
of 95%. For 59mTc-HAM, a total of 518 mCi of 99mTc handled in 
six runs provided 362 mCi with an average tagging yield of 70%. 
The results in Table 4 show that ^^mipc-HAM contributes more 
radiation exposure to the fingers than does the 99mTc-Sn-MAA. The 
unusually high exposures to various fingers are indicative of the 
preparation techniques. In both procedures transferral of the 
99mTc04 from its storage vial to the syringe for addition to the 
reaction vial is considered the cause for high exposures. Due to 
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the technique in performing this step, the exposure to the left 
ring finger (for 9 9mTc--Sn-MAA) was higher than the other fingers, 
This technique is also considered one of the causes of high ex
posure to the left thumb (for 99mTc-HAM). Use of a screw-cap 
cylindrical shield, which exposes only the rubber septum of the 
pharmaceutical vial, is thus recommended for each of these 
procedures. 

Table 4 Average exposure to the hands during preparation of 
99mTc-Sn-MAA and 99mTc-HAM 

Right Hand 

Wrist 
Thumb 
Middle Finger 
Ring Finger 

Left Hand 

Wrist 
Thumb 
Middle Finger 
Ring Finger 

99m^^ 

mR/100 

-Sn-

9 
47 
55 
45 

10 
53 
60 
94 

-MAA 

mCi prepared 

^^^c-HAM 

7 
86 
109 
46 

19 
151 
153 
76 

In preparing ^^^iTc-Sn-MAA, the left ring finger received 
additional exposure when the reaction vial was held in the left 
hand to withdraw the supernatant solution (Step 5, Table 2). 
Holding the vial with tongs in the left hand is recommended for 
this step of the procedure. The left thumb and middle finger 
received added exposure from the microspheres in Step 4, Table 3 
wherein the tagging vial was wiped with a paper towel held in the 
left hand. This step is necessary to prevent rusting of the in
terior of the special shield for the tagging vial. Use of remote 
wiping technique is also recommended in this step. Monitoring of 
the exposure to the face, chest and body trunk from both of these 
procedures was less than detectable by the TLD techniques employed 
(<10 mR total cumulated exposure). 

Conclusions 

The exposure from instant kits is less than with other 
methods because the simplicity of the instant procedures permits 
shorter exposure time and less contact with the pharmaceutical 
vial. The use of instant kits is to be encouraged. 

Furthermore, while the radiation exposure to the fingers from 
preparation of 99mTc-HAM is greater than that received from 
99mTc-Sn-MAA, the exposure level from both procedures could be 
reduced by adherance to procedural recommendations in the discus
sion. Additionally, all procedures should periodically be eval
uated in terms of exposure, especially to the hands. The 
techniques monitored- in this study are just two from the various 
99mip(-. radiopharmaceuticals prepared daily, by most nuclear medicine 
laboratories. Based on the highest exposure recorded in this 
study (153 mR/100 mCi to the left middle finger), a person 
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preparing 200 batches of 80 mCi each of 99mTc-HAM during the year 
would receive about 24 R/year to the hand. While this is within 
the recommended limits of NCRP (75 rems/year to the hands)5, it 
represents the exposure from 99mTc-HAM preparation only. The use 
of instant kits, such as 99mTc-Sn-MAA and 99mrp(,_i3r[,pA6 along with 
an adequate knowledge of the procedural steps will contribute to 
a lower total exposure from all phases of nuclear medicine. 
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REDUCING PERSONNEL EXPOSURE IN NUCLEAR MEDICINE 
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ABSTRACT 

Nuclear medicine procedures are growing at a rate greater than 15%/yr and 
the radiopharmaceutical industry over 25%/yr. A nuclear medicine facility in a 
medium-large hospital routinely handles 300-700 mCi of 99mTc/day plus prepares 
99mTc radiopharmaceuticals and handles millicurie amounts of other isotopes. 
As this specialty grows, so must exposure reduction techniques. Periodic 
assessment of personnel handling the molybdenum-technetium generators and 129cg 
were made using TLD's. These data are reviewed with comments about potentials 
for personnel exposures and exposure reducing methods. Additional shielding 
and new handling techniques have been incorporated and are discussed. 

INTRODUCTION AND BACKGROUND 

The Nuclear Medicine Laboratory is located and operated in collaboration 
with the Radioisotope Laboratory. In these laboratory facilities, the follow
ing contribute primarily to personnel radiation exposure: 

1. daily handling of 500 mCi to 1.4 curies of 99mTc, 
2. weekly processing of mCl amounts of •'•29cs, 
3. preparing throughout the week a variety of 99mxc labeled 

radiopharmaceuticals from kits, and 
4. weekly handling of mCi amounts of 131l,133xe and l̂ m̂xjî  

Each of these can increase the daily exposure to laboratory personnel and 
result in exposure levels that exceed what we would have predicted just a few 
years ago. 

Max Lombard! reported on a 12 month survey of 69 hospitals that nuclear 
medicine procedures grew at a rate of 16% per year and that the radio
pharmaceutical industry grew 25-26% in a similar 12 month period. Accompanying 
this growth in radiopharmaceutical usage and new nuclear medicine laboratories 
in many hospitals, the problem of personnel protection has been recognized by 
some but unrecognized by many. 

The National Council on Radiation Protection and Measurements (NCRP)^ 
recommends 75 rems/year, 25 rems/qtr., as the permissible dose equivalent to 
the hands. They have further characterized this as an "interim concession" in 
"comment" to this section and have also indicated that "all reasonable efforts 
should be made to keep exposure of the hands and forearms within the general 
limit for skin, 15 rems/year". 

A study 4 years ago by Neil^ on the radiation exposure to the hands from 
handling 99mTc showed a maximum dose equivalent of 10 rems/curie/minute for the 
index finger and thumb with lesser dose equivalents for other parts of the 
hands. Using Neil's data, a physician that gives 400 injections/year of 10 mCi 
each and in only 30 seconds handling time would receive 30 rems for that year 
for that portion of his hand alone, if handling of any other radioisotopes is 
neglected. (131l, 133xe, 18F, 129cs, etc.) 
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The need for additional personnel protection for all radioisotopes in the 
laboratory resulted in a complete rearrangement of our "hot" lab area. Lead-
lined housings with sliding lead glass doors were specially built* for two 
molybdenum-technetium generators, figure 1. The two end doors must be moved to 
the middle where there is a third fixed plate of lead glass. These form a body 
shield while the hands may be inserted through the openings on either side of 
the lead glass. We have also built 99mxc eluate organizer racks, figure 2, 
that provide V lead shields for each eluate bottle. Each shield has a lid 
with a hole for the head of the eluate bottle. The bottles are placed on a 
slant pointed away from the operator. Each tier of eluate shields is color 
coded to identify the eluate by the parent generator. Added positions are 
available for 99mxc radiopharmaceuticals, prepared from kits. An additional 
tier permits storage of other radiopharmaceuticals in use that day. All the 
'""'TC and most radioiodine doses are prepared behind the face and body shield 
seen just in front of the organizer rack. 

Most of the diagnostic administrations of radioisotopes in nuclear medicine 
are given at scJme location other than the hot laboratory. For injections, a 
transporting tray, with a lead syringe holder anchored to the side of the tray 
is used and is shown in figure 3. In addition, the tray is equipped with other 
items the physician will need for injection. This special tray has been 
helpful in reducing exposure and contamination and has proven very easy and 
convenient to laboratory personnel. 

We conservatively estimate that the generator housing reduces major body 
exposure 2 times during the elution procedure. The eluate shields probably 
reduce personnel exposure by a factor of 5, and the face and body shield 
reduces the technicians total body exposure an estimated factor of 5. The 
personnel exposure reduction realized from the dose tray is difficult to 
calculate, but it is our conservative guess that the hand exposure is reduced 
a factor of 5 to 15 depending on the distance the dose syringe must be 
carried, etc. 

* These were designed for one specific company's generator and might require 
modification for a different brand generator. 
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In order to assess the personnel exposures more specifically, we have 
studied some hand exposures during routine handling procedures using thermo
luminescent dosimeters (TLD's). For 99mxc and 129cs the procedure used was to 
place TLD* dosimeters in the anterior and posterior positions on one or two 
fingers, the thumb, and wrist of each hand. Additionally, TLD's were placed 
on the forehead or glasses frame, chest and gonadal area of the body. Unless 
otherwise stated the TLD's on the fingers were in the finger ring position. 
We assumed that all radiation absorbed by the lithium fluoride chip was from 
either 99mTc or 129cs. This actually is not the case; for instance, the 
aluminum holder for the target material in the cesium production was emitting 
high energy gamma rays from 22Na and 24Na and likewise for 99mxc the 740 and 
780 keV 99MO radiation is emitted through the generator shielding. For each 
study two lithium fluoride chips were placed at each dosimetry point; each was 
measured separately and the count data averaged. 

At the time of this study, two molybdenum technetium generators were 
received each week; each rated at 400 mCi 5 days after receipt. One technician 
had the responsibility for removing the old generator, installing the new one, 
and obtaining the daily elutlons required (about 5 curies/week). For this 
study, the TLD's were worn only during these procedures. The resultant TLD 
data. Table I, reflects the expected higher exposure on the anterior surface of 
each hand and higher exposure to the right hand. Data from the forehead, chest 
and gonadal area of the body were all under 10 mR/week. The highest finger 
exposures averaged 131 mR/week which over 50 weeks would amount to 6.5 R max
imum cummulative exposure. In some other laboratory with only one 400 mCi 
generator and using only the shielding provided with the generator, the annual 
exposure could be as much as 20 R for the same person performing this task. 

Table I. TLD PERSONNEL DATA FOR ^^Tc IN mR 

- Handling Generators Only -

Fingers - Anterior Surface 
- Posterior Surface 

Thumb - Anterior Surface 
- Posterior Surface 

Wrist - Anterior Surface 
- Posterior Surface 

Totals - Fingers 
- Hands 

50 Week Total - Fingers (131 x 50) 

A more recent study has compared the preparation of 99mTc macroaggregated 
albumin prepared according to the method of Robbins^ and 99mxc human albumin 
microspheres labeled according to the method described by the manufacturer (3M 
Company) using their equipment. For this latter study TLD's were placed as 
shown in figure 4. The TLD's were on the lateral and medial borders of the 
finger tips so as not to interfere with operator's finger tip sensitivities. 
The dosimeters were worn during five or more preparations of each radiopharma
ceutical, each study involving the handling of more than 500 mCi of 99mxc. The 
exposure expressed is in mR/100 mCi of the prepared product. An analysis of 
this exposure data is given in Mr. Robbins' paper^. The higher exposure levels 
for 99mTc-HAM are due to the higher levels of 99mxc handled for the resulting 

= 

Week 

61 
36 

46 
54 

19 
10 

49 
37 
6550 

ly Average 

H 

mR 

109 
94 

198 
124 

33 
19 

131 
109 

*The chips used in these studies, TLD-100 (1/8 x 1/8 x .0035 inch) were select
ed to have sensitivities within ± 5 percent of each other. In some 99mXc 
studies, two sets of TLD's were exposed, one at twice the activity level of 
the other. These became the calibration standards for the two isotopes. 
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yield, and difference in handling procedures required. Unusual exposure data 
can be accounted for in specific handling operations. Yet, based on the left 
hand finger exposures recorded in this study, the preparation of 200 batches of 
80 mCi each of 99mTc during a year would result in approximately 17 R/year to 
the hand. While this is within the 75 rem/year NCRP limit, (it exceeds the 15 
rem/year skin exposure recommendations) it only accounts for exposure from the 
preparation of one radiopharmaceutical. 

129 A new radioisotope for tumor and heart scanning, Cs is produced by 
cyclotron* irradiation and is air shipped to Cincinnati where the target 
material is chemically processed to extract the cesium as cesium chloride. The 
chemical extraction takes about 60 minutes. In the first few production runs, 
the •'•̂'Cs yield from each bombardment was 2 to 4 millicuries total. As the 
procedure was refined and the cesium yield increased, more shielding was in
corporated throughout the extraction-purification process. Handling devices 
were likewise incorporated into the process. Figure 5 shows a pair of vice-
grip pliers used to hold the aluminum target. A long bolt has been substituted 
for the adjustment screw on the pliers to add distance between the target and 
hands, yet maintain reasonable operation. 

Figure 6 shows the special tools assembled for this procedure; tweezers 
permanently attached to tongs for handling the target cover, a long handle with 
a funnel stopcock in the slotted right end of the handle, a flexible pick-up 
tool and an alien wrench built into a long handle for removing the target 
cover. At the time of the cover removal the target was emitting more than 500 
R/hour at 1 centimeter. One other device, figure 7, is a remote hydraulically 
operated syringe. By coupling two syringes tip to tip with small plastic 
tubing, one acts as a piston controlled by the other. The piston can push or 
pull the primary syringe plunger to deliver or take up liquid. The beauty of 
this system is that the personnel radiation exposure is essentially eliminated 
for this part of the procedure. Refinements on the procedure occurred over a 
period of 3 months and with each succeeding week we noted decreases in 
radiation exposure. Table II summarizes this exposure for the hands. 
Immediately after run #1 techniques to reduce the dose were incorporated. As 
will be noted, the effect was dramatic on run #2, one week later. With 
succeeding weeks, and with the employment of new shielding and tools, the 
average exposure dropped. For brevity of data presentation runs if3 and #6 are 
eliminated but fit as expected in the step-by-step exposure reduction - a 6-8 
times reduction. If the exposures recorded in run #1 were received over a 50 
week period, it would result in more than 8 rem exclusive of exposures in 
other duties with other radioisotopes. However, employing the techniques and 
shielding described, the ^^^Cs exposure is about 1 R/year. 

* In cooperation with the Naval Research Laboratory cyclotron, Washington, D.C. 
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Table II. TLD HAND DATA FOR 129cs EXTRACTION 

w 
w p W 
O g M 
l-l g 
|4 

CO 

!2: g 
M O 
fe 

Run 
Right 

Average(mR) 
Reduction 

Left 
Average(mR) 
Reduction 

Right 
Average(mR) 
For 50 Weeks(R) 

Left 
Average(mR) 
For 50 Weeks(R) 

sek Total(R) 

1 

149 
< x3 

147 
< — x 4 

167 
8.4 

162 
8.1 

8.2 

2 

46 
-^^ 

35 
-^^ 

48. 
2. 

40 
2. 

2. 

3 
4 

0 

2 

4 5 

35 28 
x2 

22 21 
x2 

31.8 31.2 

27 26 

7 

20 
— > 

16 
- ^ 

18.8 
1.0 

17 
0.9 

1.0 

Figure 5. Modified vise grip pliers for holding irradiated 
^ ^ ~ cyclotron target secure and at a safe working distance. 

Figure 6. Special tools for ^^'cs extraction. Top to bottom: 
tongs and tweezers, long handle with funnel stop-cock (right 
end), pick-up tool, and alien wrench in a long handle. 

In summary, we have indicated some of the ways we have assessed and 
reduced personnel exposure during routine radioisotope handling in our labora
tory. The results are within or close to the recommended guideline of 15 rems/ 
year for the specific function analyzed. From our experience, personnel 
exposures in nuclear medicine laboratories can and must be reduced by modifying 
current techniques and practices. In a growing clinical field radiation 
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exposure assessments should be made every few months to determine where 
improvements can be made for the protection and exposure reduction of the 
laboratory personnel. 

Figure 7. Remote control syringes used for target dissolution. 
The system on the right is used to wash the target, the one on 
the left is used to pick-up the solution. 
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RADTOPROTEOTTON IN A RUOLEAR T/IEDICIRE TTNTT 
+ ° 

A. Favino , G-.P. Besseghmi 
Occupational Diseases Institute 
Pavia University- Italy 

Abstract 
The main aspects of the radioprotection program of a Nuclear 

Medicine unit organically included in the services of an Occupa
tional Diseases Institute are described and discussed. Analysis 
of the records of the environmental and personal dosimetry points 
out to the opportunity for monitoring particularly of the internal 
contamination. The need for employing usual dia/mostic equipment 
for regular monitoring of the working staff is stressed. Due to 
the increasing diffusion of WDC for diagnostic applications, sche
duling of this tool for monitoring of the personnel is recommended. 

A transportable WRC of the shadow type susceptible to be trans
ferred from the laboratory to a mobile unit in less than half an 
hour is described for clinical and radioprotection applications 
including monitoring of operators handling gamma emitters in me
dical units and in industry when no facilities for internal dosi
metry are available. 

Monitoring of the excreta of patients submitted to radiometabo-
lic therapy has been one of the aims of the health physics programs 
in this Nuclear Medicine unit. An original svstem for monitoring 
liquid radioactive waste is described as a first step for ecologic 
control of spreading of radioactive contamination. 

Introduction 
Problems related to safe handling of radioactive isotopes in medi
cal practice are well known and have been widely discussed in a 
number of reports . When applied to single medical institutions 
general regulations have to be tailored for the particular situa
tion , the problem being often to meet requirements for high stan
dards of safety as necessary in nuclear technology with the not 
unlinited resources of small units. 
Starting a Nuclear Section in an Occupational Diseases Institute 
we were faced with a number of problems related to diagnostic,the
rapeutic and research applications of isotopes as well as to radio-
protection of workers handling radionuclides. 

+ ° 
Physician - Consultant physicist. 

1191 



In this paper some of the main features of the radioprotection 
program of a Nuclear Medicine unit will be reported and discussed 
based on the observations made during first 3 years of practice. 
Present stage of development of the unit can be evaluated as com
parable to a medium sized diagnostic laboratory , therapeutic ap
plications beine; still limited to some experience with radioiodine 
treatment. 

I.-Remarks after 3 years experience with a radioprotection program 
ijEISL Nuclear Medicine unit . 

General points of the radioprotection program are: 
T) a stressing accent on autoradioprotection as far as collection, 
registration and first evaluation of data are concerned : weekly 
check for white coats, forthnightlv survevs for detection of labo
ratory contamination , monthly registration of film dosimetry data 
for environmental and personal monitoring, quarterly whole body 
examinations. The bulk of this ,iob is committed to the physician 
of the operating staff ( I physician and 2 technicians). 
II) a decision to avoid heavy shielding structures in the labora
tory. Location of the unit in a partly ujndergroixnd floor made pre
ferable to keep windows which opened over a street of the town. 
III) a rigorous organization of the unit with a clear definition 
of the controlled zone and of compulsory pathwav with a monitoring 
unit at the end. Part of the controlled zone are rooms for meta
bolic therapy and for v/aste disposal. 
Planimetrical organization of the laboratory, consumption of radio
nuclides, dosimetry of the surveilled zone ejid summary of data of 
the external irradiation and external and internal contamination 
of the working personnel are reported in fî r.I and tables T,TI,ITI. 
The following concluding considerations are drawn: 
T) environmental monitoring is v/orthwhile in a Nuclear Medicine u-
nit if special shieldin.°: of walls and ceilings are not available 
because safe limits can be overcome if the amount of handled iso
topes rises enousch. 
IT) personal monitoring is important especially as far as internal 
contamination is concerned. Notwithstandine; observation of safety 
miles , internal contamination can occur: Se and T were mostly 
found. Uptakes and scanning instruments available in each nuclear 
medicine laboratory are of course useful for detecting contamina
tions of the order of a fraction of I microcurie of the used gam
ma emitters: periodical checks with a VfRC as frequently as possi
ble for satisfactory internal dosimetry however is suggested. 

II.- Presentation of a transportable WRC of the shadow type. 
In the country efficient WBC are available but a need is felt for 
monitoring of workers in organizations where WRC facilities are 
not provided as in some Nuclear Medicine units and in industry . 
Many examples of transportable VfBC have been described . A main 
feature of the present model is that it can be used both in the 
laboratory set UP as in a mobile unit and that in 30 minutes its 
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t 1-5, damped,can be transferred, by an elevator, from the labora
tory to the car, ready for emerp-encv. At least l^ of most restric
tive MPBB for gamma emitters with an accuracy of - 20f̂  can be ap
preciated in 20 minutes. This WRC is composed bv 2 blocks of com
parable weight: a 5 in. x 4 in. NaT(î l) crystal shadowed bv a TO 
cm thick Pb shield elliptically collimated and a bed plane shiel
ded bv 5 cm Pb, Remote devices can move electrically the detector 
vertically from 66 cm to 114 cm from ground level and can ad,iust 
the segments of a chair geometry. The apparatus is equipped with 
a 800 channels analyzer with computation facilities. analoeu.e dis
play, digital data printing and magnetic tape recording. In the 
laboratory as well as in the jaobile unit are provided a room for 
external decontamination,air filtering and conditioning; a whole 
body scanning bed is in progress. 

TIT.- Control of radioactive waste disposal 
•Por gaseous waste a ventilation circuit is operating in the labo
ratory from the over-pressure V/RC room to the filter of the labo
ratory cupboard ( fig. T). At present the only gaseous waste is 

Xe expired in perfusion studies in a closed circuit and partly 
adsorbed at room temperature on a shielded activated charcoal, 
which is then deposited in a plastic closed bag to decav in the 
waste room, whereas the not absorbed fraction is ventilated through 
a short stack on the roof of a 3 floor building. Absorption pro
cedure is not practical but it is suggested by the verv closed 
proximity of other houses. 
Solid waste , collected in plastic ba^s, are stored for some months 
until activity is less than T pCi/lO kg ; Se contaminated mate
rial is kept distinct and stored for longer time. 
For liquid radioactive waste we assumed that effluents from the 
laboratory can be evaluated , on the consideration of MpC , a-
round TQ^^ of the effluents from a proportionate radlometabolic the
rapy unit using I. So , if a treatment of radioactive waste is 
decided, the main point is to remove the activity released from 
treated patients. It has been calculated that,if 75 litres a day 
are released from the WC of the patient, I clarifier and 3 tanks 
in series with an individual dilution volume of 1500 litres ,can 
provide a 37?? reduction each of the concentration of the radioacti
vity so that only a fraction of ?fc can reach the well. Two electro-
valves allow discharge into the well from the laboratory and from 
the patient line at a concentration lower than 10 yiCi/ml.Tv/o n-.M. 
detee-tors shielded by 9 cm "Pb are operating to remove the radioac-
tiviy released from the laboratory and to measure the total dis
charged activity which is given by the product of the known volu
me voided by the pump ( 1240 litres) by its measured radioactive 
concentration. Due to further dilutions ( 700 m' /day in the se
werage collector and 4200 m:i/mn in river Ticino) presnt release 
is less than l/TOOOOof the ^ I rcpC for the population. The coun
terpart is the care which is requested for looking after the sys
tem ( as for repair of valves, pumps, cleaning of detectors ), 
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Table T 
Isotopes ( mOi) handled in first 3 years of laboratory activity 
Year ^^T^ Q9m^, IQ8^^ TQ7^^ 7^3^ 87m3^ 67,^^ leQ^^ 133^^ 125^ 3^ 

5 TI - - - - 0.04 0.02 
6 21 68 - - - 0.06 0.02 
7 55 80 40 3 475 0.22 0.03 

T'able TI 

T 
2 
3 

43 
64 
lOT 

80 
1340 
4546 

16 
3^ 
67 

S-uimnary of dosimetry records of operators ( subjects A,B,C) 

Year uCi/yr internal uCi/yr white coat mrem/month external 
contamination contamination irradiation (film) 
A B C A B C A B C 

1 O.OI - - 0.2 0.3 O.OR 20 20 20 

2 - O.OI - 0.4 0.5 O.Og 20 20 20 

3 0.3^ - O.OI 3.3 0.5 O.Q 20 20 20 

A= physician : examines the patient - administers diagnostic and 
therapeutic doses ; B= technician : cleans glassware, stocks ra
dioactive waste ; C= technician : performs radiochemical work. 
Every one does in vivo investigations ( scanning, fast dynamic 
studies)-. 

Table m 

ear 

T 
2 
3 

door of the roon 
for waste disposal 

15 
?q 
44 

External dosimetry of suiveilled zone in the laboratory (mrem/month) 

room of sources deposit all other 
wall window upstairs spots 
37 6 0 20 
50 12 20 20 
89 49 20 ^0 

T'he following spots have been monitored: uptaJce room, scanning 
room, in vivo dynamic studies room, radiochemical laboratory, 
animals rooms. 

Table W 

Percentage of frequency of detection of contamination in absor
bing coverings higher than TxTO uCi/cm (fortnightly surveys). 

Year 
I 
2 
3 

percentage 
21.2 
14-I 
T9.4 
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RADIATION PROTECTION IN A NUCLEAR PHARMACY 

Rodney D. Ice and Kenneth R. Hetzel 

College of Pharmacy and Nuclear Medicine Section 
The University of Michigan 
Ann Arbor, Michigan 48104 

Abstract 
Regional nuclear pharmacies are emerging throughout the world 

to meet the increased demands for radiopharmaceuticals, A radi
ation protection program for a nuclear pharmacy encompasses facil
ity design, quality control, dispensing and documentation, and 
provides for increased utilization of radiopharmaceuticals. The 
resultant radiation protection program is synergistic between 
health physics and pharmacy principles. 

Introduction 
Regional nuclear pharmacies provide radiopharmaceutical services 

for multiple hospitals located over wide geographic areas. Such 
pharmacies provide the necessary pharmaceutical expertise for 
preparing radioactive chemicals into pharmaceuticals and also 
provide an increased assemblage of radiopharmaceuticals at reduc
ed costs to many hospitals that cannot individually afford nuc
lear pharmacy services. 
A regional nuclear pharmacy may have inventories of 5-10 Curies 

of radioactive materials, with greater than Curie quantities of 
Iodine-131, Xenon-133 and Molybdenum-99/Technetium-99m. 
The University of Michigan Hospital Regional Nuclear Pharmacy, 

over the past two years, has evaluated radiation protection as 
applied to nuclear pharmacy practice. Facility Design, adminis
tered Doses, product Dispensing and quality control Documentation 
are considered to be the principle axioms for the development of a 
radiation protection program in nuclear pharmacy. 

Nuclear Pharmacy Design 

Nuclear pharmacies must always incorporate health physics prin
ciples associated with "wet" radiochemistry laboratories. In 
addition, special consideration must be given to pharmaceutical 
techniques, i.e. aseptic preparation of parenteral products, syn
thesis of radiolabeled organic compounds, dispensing of radio
active gases, repeated handling of syringes containing radioactive 
materials, maintainence of product quality and potential contami
nation of non-radioactive pharmaceuticals. 
Traffic flow patterns within a nuclear pharmacy must be defined 

for efficient utilization, as well as radiation protection plan
ning. A general consideration of functional separation of activi
ties within the pharmacy aids in radiation protection and pharma
ceutical quality. The package receiving and shipping area should 
be a separate room to minimize potential radioactive contaminaticn 
and to reduce airborne dust and particulate matter from entering 
the compounding area. A dispensing area, separate from the com
pounding area, will minimize traffic where bulk quantities of 
radioactive material are used and parenteral products formulated. 
In addition, a dispensing window will reduce the access of un
authorized personnel. The quality control laboratory should be 
housed in a separate room, as it is predominately an instrumenta
tion facility, and considered only to contain tracer quantities 
of radioactive materials. Finally, because adjunctive (non-radio-
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Figure 1 
Floor Plan 

a c t i v e ) p h a r m a c e u t i c a l s a r e o f t e n s t o c k e d and d i s p e n s e d w i t h 
r a d i o p h a r m a c e u t i c a l s , a s e p a r a t e room for p h a r m a c e u t i c a l s a g a i n 
p r o v i d e s r a d i o l o g i c a l and p h a r m a c e u t i c a l q u a l i t y a s s u r a n c e . 

An a d e q u a t e f l o o r p l a n for e f f i c i e n t n u c l e a r pharmacy d e s i g n i s 
shown i n F i g u r e 1 . The compounding and d i s p e n s i n g rooms form an 
i n t e g r a l , l i m i t e d a c c e s s a r e a fo r t h e s t o r a g e , p r e p a r a t i o n and 
d i s p e n s i n g of r a d i o p h a r m a c e u t i c a l s . Low t r a f f i c flow i n t h e com
pounding a r e a r e d u c e s p o t e n t i a l s p r e a d 
of c o n t a m i n a t i o n . D i s p e n s i n g of u n i -
dose r a d i o p h a r m a c e u t i c a l s t o m e d i c a l 
p e r s o n n e l i s conduc ted t h r o u g h t h e d i s 
p e n s i n g window; a p r o c e d u r e which g u a r 
a n t e e s l i m i t e d a c c e s s on ly t o a u t h o r i 
zed i n d i v i d u a l s and f u r t h e r r e d u c e s t h e 
p o t e n t i a l s p r e a d of r a d i o a c t i v e contam
i n a t i o n . The n o n - r a d i o a c t i v e pharma
c e u t i c a l d i s p e n s i n g a r e a and q u a l i t y 
c o n t r o l l a b o r a t o r y a r e l o c a t e d a c r o s s 
t h e h a l l from t h e compounding and d i s 
p e n s i n g rooms . Ad jacen t t o t h e n u c l e a r 
pharmacy i s a s e p a r a t e r a d i o c h e m i c a l 
l a b o r a t o r y where packages a r e r e c e i v e d 
and s h i p p e d . Included in the r a d i o c h e m i c a l 
labaratory is an absolute f i l t e r e d r a d i o 
c h e m i c a l hood fo r t h e s t o r a g e and d i s 
p e n s i n g of i o d i n e - 1 3 1 and x e n o n - 1 3 3 . 

Too o f t e n , one segment of a l a b o r a 
t o r y bench i s chosen for a l l r a d i o 
p h a r m a c e u t i c a l p r e p a r a t i o n . Such a d e s i g n can o f f e r s a t i s f a c t o r y 
h e a l t h p h y s i c s c o n s i d e r a t i o n s , b u t poses a s e r i o u s p o t e n t i a l r i s k 
of p r o d u c t c r o s s c o n t a m i n a t i o n and e r r o n e o u s p r o d u c t s e l e c t i o n and 
d i s p e n s i n g . Nuc l ea r pharmacy d e s i g n shou ld p r o v i d e s e p a r a t e work 
a r e a s fo r t h e compounding and d i s p e n s i n g of r a d i o p h a r m a c e u t i c a l s . 
To f a c i l i t a t e b o t h h e a l t h p h y s i c s and pharmacy r e q u i r e m e n t s , t h e 
U n i v e r s i t y of Mich igan N u c l e a r Pharmacy has d e s i g n e d a l e ad l a m i n 
a t e d plywood (% i n c h l e a d ) compounding e n c l o s u r e shown in F i g u r e 2, 

Th i s i n s t a l l a t i o n i s s p e c i f i c 
fo r t echne t ium-99m compounding 
and c o n t a i n s s l i d i n g l ead g l a s s 
( 1 . 7 mm lead e q u i v a l e n t ) d o o r s 
a c r o s s t h e t o p . The p r i m a r y d e 
s i g n c o n s i d e r a t i o n of t h i s e n 
c l o s u r e was c o n s o l i d a t e d s h i e l d 
ing w i t h s e p a r a t i o n of compound
ing i n v o l v e d w i t h t e c h n e t i u m 
r a d i o p h a r m a c e u t i c a l s : a u n i o n 
of r a d i a t i o n p r o t e c t i o n w i t h 
p h a r m a c e u t i c a l q u a l i t y a s s u r a n c e . 

W i t h i n a n u c l e a r pharmacy, 
l a m i n a r a i r flow hoods a r e used 
t o p r o v i d e a s t e r i l e work a r e a 

p a r e n t e r a l p r o d u c t s and n o t t o v e n t 
manufac tu red t o 

S i n c e h o r i z o n t a l 
a i r f low i s d i r e c t e d towards t h e o p e r a t o r and cou ld l ead t o a 
s e v e r e p e r s o n n e l c o n t a m i n a t i o n h a z a r d , i t must be s t r e s s e d t h a t 
on ly v e r t i c a l l amina r a i r flow hoods shou ld be chosen for use i n 
n u c l e a r pharmacy. S t e r i l e a i r i s p r o v i d e d i n a l a m i n a r a i r flow 
hood by a s e r i e s of HEPA f i l t e r s which a r e d e s i g n e d t o remove a l l 

Figure 2 
Compounding Enclosure 

f o r a s e p t i c s u b d i v i s i o n of 
v o l a t i l e r a d i o a c t i v i t y . Laminar flow hoods a r e 
p r o v i d e e i t h e r h o r i z o n t a l or v e r t i c a l a i r f low. 
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d u s t and b a c t e r i a from t h e a i r b e f o r e e n t e r i n g t h e working s p a c e . 
To i n s u r e t h e s t e r i l i t y of t h e working compar tment , a r t i c l e s 
shou ld be a u t o c l a v e d or s u i t a b l y d i s i n f e c t e d b e f o r e e n t e r i n g t h e 
hood . 

S e v e r a l problems a s s o c i a t e d w i t h s h i e l d i n g a r e e v i d e n t w i t h a 
n u c l e a r pharmacy. Too o f t e n p e r s o n n e l w i t h o u t h e a l t h p h y s i c s 
t r a i n i n g f a i l t o c o n s i d e r t h e ene rgy of a s s o c i a t e d r a d i a t i o n and 
assume t h a t s h i e l d i n g d e s i g n e d for t echne t ium-99m i s s u i t a b l e for 
f l u o r i n e - 1 8 , i o d i n e - 1 3 1 or p h o s p h o r o u s - 3 2 . The d e s i g n a t i o n of 
s e p a r a t e work a r e a s for d i f f e r e n t r a d i o n u c l i d e s a l l o w s for o p t i 
mal s h i e l d i n g d e s i g n a s s o c i a t e d w i t h each p r o d u c t . Such cons ide r 
a t i o n s , however , shou ld be f l e x i b l e t o a l l o w for a d a p t a t i o n of 
new p r o c e d u r e s and new r a d i o n u c l i d e s . Nuc lea r pharmacies shou ld 
be c a u t i o n e d a g a i n s t s t a c k i n g heavy , f r e e - s t a n d i n g , l e ad b l o c k s , 
s i n c e t h e y may p r e s e n t s e r i o u s h a z a r d s , i . e . t r a u m a t i c i n j u r y t o 
l e g s and f e e t from a c c i d e n t a l f a l l i n g b l o c k s , r a d i a t i o n exposure 
t h r o u g h n o n - i n t e r l o c k i n g j o i n t s , and e x c e s s i v e we igh t induced 
s t r u c t u r a l damage t o c a b i n e t r y . I n e x p e n s i v e and h i g h l y e f f e c t i v e 
s h i e l d i n g fo r low ene rgy r a d i o n u c l i d e s can be o b t a i n e d w i t h l ead 
p e r c h l o r a t e s h i e l d s s u g g e s t e d by B a r n e t t and H a r r i s . ^ 

R a d i o p h a r m a c e u t i c a l D i s p e n s i n g 

The p rope r d i s p e n s i n g of r a d i o p h a r m a c e u t i c a l s w i l l a f f e c t t h e 
abso rbed r a d i a t i o n dose t o t h e p a t i e n t and t h e p h a r m a c i s t . Maxi
mal p a t i e n t p r o t e c t i o n i s a c h i e v e d by t h e u t i l i z a t i o n of u n i d o s e 
r a d i o p h a r m a c e u t i c a l s . A l l r a d i o p h a r m a c e u t i c a l s a r e d i s p e n s e d 
from t h e n u c l e a r pharmacy on p r e s c r i p t i o n . The p r e s c r i p t i o n i n d i 
c a t e s t h e r e q u e s t e d s t u d y , t h e p r e l i m i n a r y d i a g n o s i s , p a t i e n t name, 
h e i g h t , w e i g h t , age and t h e t ime t h a t t h e p a t i e n t i s t o r e c e i v e 
t h e d o s e . With t h i s i n f o r m a t i o n , t h e p h a r m a c i s t can c o r r e l a t e t h e 
r a d i o p h a r m a c e u t i c a l s w i t h t h e proposed s t u d y and p a t i e n t in fo rma
t i o n i n such a manner t h a t t h e p a t i e n t w i l l r e c e i v e t h e optimum 
d o s e . Each p r o d u c t i s d i s p e n s e d p r e c a l i b r a t e d t o t h e t ime of a d 
m i n i s t r a t i o n , and r e c e i v e s d u p l i c a t e a s s a y s of t h e r a d i o a c t i v e 
c o n t e n t s . The r a d i o p h a r m a c e u t i c a l i s d i s p e n s e d w i t h a l a b e l i n d i 
c a t i n g t h e p a t i e n t ' s name, t ime and r o u t e of a d m i n i s t r a t i o n , d a t e , 
p r e s c r i p t i o n number, p h y s i c i a n ' s name and p h a r m a c i s t ' s i n i t i a l s . 
Un i t dose d i s p e n s i n g has r educed t h e p o t e n t i a l for d i s p e n s i n g and 
a d m i n i s t r a t i o n e r r o r s a s s o c i a t e d w i t h major drug d e l i v e r y sys tems? 

I t i s b e l i e v e d t h a t t h e concep t of u n i d o s e 
d i s p e n s i n g of r a d i o p h a r m a c e u t i c a l s i s an 
e f f i c i e n t and e f f e c t i v e method of r e d u c i n g 
e r r o r s a s s o c i a t e d w i t h t h e a d m i n i s t r a t i o n 
of r a d i o a c t i v e p h a r m a c e u t i c a l s . 

As an a d d i t i o n a l r a d i a t i o n p r o t e c t i o n 
d e v i c e for t h e p h a r m a c i s t , a s w e l l a s 
m a i n t a i n i n g t h e p h a r m a c e u t i c a l q u a l i t y of 
t h e p r o d u c t s , our pharmacy u t i l i z e s a 
s h i e l d e d s y r i n g e - v a l v e d i s p e n s i n g sys tem 
a s mod i f i ed from Hoar .3 A s c h e m a t i c d i a 
gram i s g i v e n i n F i g u r e 3 . The s o l u t i o n 
t o be u n i d o s e d i s p e n s e d i s drawn from t h e 
s h i e l d e d v i a l (A) i n t o t h e s h i e l d e d l a r g e 
volume s y r i n g e (B) v i a a 3-way v a l v e ( C ) . 
A u n i t dose i s s u b s e q u e n t l y d i s p e n s e d by 
a t t a c h i n g a s m a l l volume s y r i n g e (D) t o 
t h e d i s p e n s i n g p a r t of t h e 3-way v a l v e , 
drawing of f t h e d e s i r e d volume, a t t a c h i n g 
a n e e d l e , a s s a y i n g t h e c o n t e n t s and a f f i x -

Figure 3 
Dispensing System 
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ing the label. This dispensing process is conducted within the 
laminar air flow hood to insure sterility of the product. 
Tne use of the 3-way valve dispensing unit not only insures 

pharmaceutical quality of the product, but decreases the hand and 
finger doses to the pharmacist with an average dispensing time of 
25 seconds. Several reports 4,5,6 indicate the potential problem 
hand and finger doses to medical personnel. Implementation of 
a 3-way valve dispensing system significantly reduces exposure 
problems since the pharmacist need not handle the barrel of the 
syringe. 

Administered Radiation Dose 

The reduction of medical exposures and patient protection have 
always been the goals of nuclear medicine personnel. Tremendous 
gains in reducing medical exposures have been accomplished by 
using shorter half-life radiopharmaceuticals, by increasing bio
logical turnover times, and by selection of the best radionuclide 
for labeling purposes. However, little consideration has been 
given to the administered dose. The relative assessment of bene
fit versus risk can only be accomplished if the administered dose 
is tailored to the individual patient. Too high an administered 
dose results in increased absorbed dose. To low an administered 
dose may result in a missed diagnosis or a readministration of the 
drug. The Nuclear Pharmacy has evaluated the administered dose 
regarding the genetically significant population, the method of 
dose determination and the pharmacists role in product selection. 
An evaluation of 200 randomly selected patients receiving a 

radiopharmaceutical indicated that 12.5% were less than 18 years 
old; 34.5% were between 18 and 45, and 53% were greater than 45 
years old. The genetically significant population (less than 45) 
represents a 13% increase as compared to the national average of 
1970. Leblanc and Johnson^ have also indicated that exposures 
from nuclear medicine procedures increased from 57c. gonadal expos
ure/admission in 1964 to 11% in 1968. 
Administered radiopharm.aceutical doses vary from clinician to 

clinician. The selection of an administered dose may be from a 
table of doses determined from past experience,8 the application 
of body weight, e.g. mCi/Kg or from a series of rules, e.g. 
Young's rule, Clark's rule or surface area.9,10,11 
While adult administered doses are fairly well established, 

large variations in pediatric doses are apparent. Administered 
doses based upon age show great limitation when one considers the 
variability of a given age. For example, the 3rd percentile of a 
10 year old girl is 53.2 lbs., while the 97th percentile is 101.9 
lbs.12 Administered doses determined by weight, while better than 
doses determined by age, usually underestimate the requisite clin
ical dose. The underestimated dose is due to 1) weight changes 
as a function of the cube of linear dimensions while the necessary 
photon fluence for adequate lesion localization varies with the 
square of linear dimensions, and 2) ratios of organ/body weights 
in infants are greater than those observed in adults. 
To provide a uniform and reliable method of computing adminis

tered radiopharmaceutical doses, for the broad spectrum of pati
ents seen in our clinic. Nuclear Pharmacy employs body surface 
area as modified by height and weight. Administered doses, in 
mCi/m2 are usable for all patients regardless of variations in 
weight, height, age or sex. 
As a further consideration of the absorbed radiation dose, our 

pharmacists participate in the selection of the radiopharmaceuti
cal for the patient. Qualified nuclear pharmacists have the 
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n e c e s s a r y t r a i n i n g i n r a d i o p h a r m a c e u t i c a l s , b i o p h a r m a c e u t i c s and 
m e t a b o l i s m t o g u i d e t h e p h y s i c i a n i n s e l e c t i n g t h e optimum drug 
t o o b t a i n t h e maximum d i a g n o s t i c i n f o r m a t i o n . In a d d i t i o n , t h e 
n u c l e a r p h a r m a c i s t has p l ayed a v i t a l r o l e i n i d e n t i f y i n g p a t i e n t s 
t h a t may have drug i n t e r a c t i o n s which p r e v e n t t h e m e a n i n g l e s s use 
of a r a d i o p h a r m a c e u t i c a l . For example , a r e q u e s t for a r ed c e l l 
s u r v i v a l t e s t one week a f t e r a g a l l i u m - 6 7 s c a n . 

R a d i o p h a r m a c e u t i c a l Documenta t ion 

Good r a d i a t i o n p r o t e c t i o n p r i n c i p l e s r e q u i r e a d e q u a t e r e c o r d 
k e e p i n g t o e v a l u a t e p e r s o n n e l methods and p r o d u c t c o n t r o l . Pharm
acy r e q u i r e s s u b s t a n t i a l r e c o r d k e e p i n g t o v a l i d a t e a p r o d u c t ' s 
s u i t a b i l i t y fo r human u s e . To meet t h e r e q u i r e m e n t s of b o t h 
h e a l t h p h y s i c s and pharmacy, a p r o d u c t q u a l i t y c o n t r o l sys tem has 
been d e v e l o p e d . A s c h e m a t i c d i ag ram of t h e q u a l i t y c o n t r o l p r o 

gram i s shown i n F i g u r e 4 . 
Each p r o d u c t r e c e i v e d 

i n t o or compounded by t h e 
n u c l e a r pharmacy has an 
a s s i g n e d q u a l i t y c o n t r o l 
ca rd ( c e n t e r ) . Each p r o 
d u c t i s f u r t h e r d e s i g n a 
t e d by a number i n d i c a t i n g 
the d a t e r e c e i v e d or com
pounded. A l l compounded 
r a d i o p h a r m a c e u t i c a l s a r e 
p r epa red i n a c c o r d a n c e 
w i t h a mas te r f o r m u l a r y . 
A l l r e c o r d s of t e s t s , e . g . 
s t e r i l i t y , a p y r o g e n i c i t y , 
p a r t i c l e s i z e , r a d i o 
chemica l p u r i t y , chemica l 
p u r i t y , r a d i o n u c l i d i c 
p u r i t y , pH, e t c . a r e i n d i 
c a t e d on t h e q u a l i t y con
t r o l c a r d . A l l u n i d o s e s 
d i s p e n s e d from t h e p r o d u c t 
a r e a l s o r e c o r d e d w i t h the 

q u a l i t y c o n t r o l r e c o r d . In t h i s manner , a comple te h i s t o r y of any 
r a d i o p h a r m a c e u t i c a l can be a s c e r t a i n e d w i t h a b r i e f g l a n c e a t t h e 
q u a l i t y c o n t r o l r e c o r d c a r d . 

As p a r t of our q u a l i t y c o n t r o l p rogram, we r e q u i r e t h a t used 
s y r i n g e s be r e t u r n e d t o the n u c l e a r pharmacy. Th is a l l e v i a t e s t h e 
haza rd of l o o s e con t amina t ed s y r i n g e s and a l s o a l l o w s t h e s y r i n g e 
t o be r e a s s a y e d . I n t h i s manner , comple te a s s e s s m e n t of t h e a d 
m i n i s t e r e d dose can be d e t e r m i n e d . LeBlanc and Johnsonl-3 and 
Abdel-Dayeml^ have r e p o r t e d on r e t a i n e d a c t i v i t y of Xenon-133 with
i n s y r i n g e s . Freedmanl5 has d e s c r i b e d a s i m i l a r d e p o s i t i o n of 
t echne t ium-99m s u l f u r c o l l o i d i n t h e rubbe r p lunge r of d i s p o s a b l e 
s y r i n g e s . Our r e a s s a y p r o c e d u r e i n d i c a t e s t h a t many r a d i o p h a r m a 
c e u t i c a l s have r e s i d u a l a c t i v i t y i n s y r i n g e s , e s p e c i a l l y r a d i o 
l a b e l e d p r o t e i n s . 

As p a r t of t h e d o c u m e n t a t i o n c o n c e r n for r a d i o p h a r m a c e u t i c a l s , 
our pharmacy has assumed t h e r e s p o n s i b i l i t y for t h e ma in tenance of 
a l l r e c o r d s n e c e s s a r y for c l i n i c a l t r i a l s of new r a d i o p h a r m a c e u t i 
c a l s , a s w e l l a s v a l i d a t i n g drug i n t e r a c t i o n s or a d v e r s e r e a c t i o n s . 
Wi th in our h o s p i t a l , t h e p a t i e n t s c h a r t i s a v a i l a b l e t o t h e pharm
a c i s t d u r i n g t h e p r e s c r i p t i o n p r e p a r a t i o n . A r ev i ew of p r e v i o u s 
or e x i s t i n g drug t h e r a p y by t h e p h a r m a c i s t can o f f e r lead t o t h e 

Figure 4 
Qua l i ty Control Program 
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explanation of modulation in drug distribution. When an adverse 
reaction occurs, our nuclear pharmacy coordinates the compilation 
of associated data and the reporting of the reaction to the pro
fessional societies and concerned authorities. 

Conclusions 

1. The objectives of pharmacy and health physics are synergis-
tically compatible in reducing personnel and patient radiation 
exposure. 

2. Methods for reducing radiation exposures within regional 
nuclear pharmacies while maintaining large inventories and in
creased utilization of radiopharmaceuticals requires adequate 
facility design, consideration of administered dose, unidose dis
pensing and quality control documentation. 
3. Surface area measurements used in consideration of adminis

tered doses have aided in providing uniform and reliable scans 
between patients, especially in pediatric nuclear medicine. 

References 

1 . H.D. B a r n e t t and C.C. H a r r i s , "A Means of Reducing R a d i a t i o n 
Exposure from Techne t ium G e n e r a t o r O p e r a t i o n s " , J . N u c l . Med., 
1 1 , 180-181 ( 1 9 7 0 ) , 

2 . C. Timmer, "Our Uni t Dose System Cuts M e d i c a t i o n E r r o r s , 
Pharm. Times , 50 -58 ( A p r i l 1 9 7 2 ) . 

3 . M.E. Hoar , "A Study of Methods Invo lved i n Extemporaneous 
S y r i n g e F i l l i n g and Degree of C o n t a m i n a t i o n , Drug I n t e l . C l i n . 
Pha rm. , 7, 132-137 ( 1 9 7 3 ) . 

4 . C M . N e i l , " Q u e s t i o n of R a d i a t i o n Exposure t o Hand from Hand
l i n g 99mTc", J . N u c l . Med., 10, 732-734 ( 1 9 6 9 ) . 

5 . R . S . C l a y t o n , J . E . W h i t e , M. B r i e d e n and A. R o d r i g u e z , "Sk in 
Exposure from Handl ing S y r i n g e s C o n t a i n i n g R a d i o a c t i v e I s o 
t o p e s " , Amer. J . R o e n t g e n o l . Radium T h e r . N u c l . Med., 105, 
897-899 ( 1 9 6 9 ) . 

6 . Y. Takaku and T. Kida , " R a d i a t i o n Dose t o t h e Skin and Bone of 
t h e F i n g e r s from Handl ing R a d i o i s o t o p e s in a S y r i n g e " , H e a l t h 
Phys . , 22_, 295-297 ( 1 9 7 2 ) . 

7 . A. LeBlanc and P . C . J o h n s o n , "Medica l R a d i a t i o n Exposure S u r 
vey i n a H o s p i t a l w i t h Nuc l ea r Medic ine L a b o r a t o r y , H e a l t h 
P h y s . , 19 , 433-437 ( 1 9 7 0 ) . 

8 . J . J . Conway, " C o n s i d e r a t i o n s for t h e Per formance of R a d i o 
n u c l i d e P r o c e d u r e s i n C h i l d r e n " , Semin. N u c l . Med., 2_, 305-315 
( 1 9 7 0 ) . 

9 . J . G . K e r e i a k e s , H.N. Wellman, G. Simmons and E . L . S a e n g e r , 
" R a d i o p h a r m a c e u t i c a l Dos imet ry i n P e d i a t r i c s " , Semin. N u c l . 
Med. , 2 , 316-327 ( 1 9 7 2 ) . 

10. M.J . R e i l l y , E d . , " P e d i a t r i c Drug Dosage" , Amer. J . Hosp. 
Pha rm. , 2 9 , 699-700 ( 1 9 7 2 ) . 

11 . H.C. S h i r k e y , "Usua l Doses for I n f a n t s and C h i l d r e n " , Dosage-
Poso logy Handbook, Am, Pharm. A s s n . . Wash, D,C. (1965) pp 5-10 

12. "Documenta Geigy , S c i e n t i f i c T ab l e s , 6 t h e d . , Geigy Pharma
c e u t i c a l s , A r d s l e y , New York, (1962) pp 613 -622 , 

13. A,D. LeBlanc and P .C , J o h n s o n , "The Handl ing of Xenon-133 i n 
C l i n i c a l S t u d i e s " , Phys, Med. B i o l , , 16, 105-109 ( 1 9 7 1 ) . 

14. H.M. Abdel-Dayem, "Handl ing of R a d i o a c t i v e Xenon-133 D i s s o l 
ved i n S a l i n e ^ ' , J , N u c l . Med., 1 3 , 231 ( 1 9 7 2 ) . 

15. G,S, Freedman, " S u l f u r Co l lo id -WmTc Losses i n a D i s p o s a b l e 
S y r i n g e " , R a d i o l o g y , 99 , 197-198 ( 1 9 7 1 ) . 

1202 



AEROSOLS AND LUNG MODELS 

PAJILIOAKTMBHHE A3P030JIM KAK $AKTOP BHyTPEHHEPO OBJiyHEHMfl HPM 
MCnOJlBSOBAHMM PAffl^OAKMBHblX BEIliECTB 

BA/iBHH B . W . , EATOBA 3 . P . , IIAPXOMEHKO P . M . 

MHCTHTyT dH0p3HKH MMHWCTOpCTBa SSpaBOOXpaHGHHA CCGP, MoCKBa 

CoK)3 CoBeTCKMX CouiHaJiHCTHqecKKX PeonydJiHK 

In this report we considerthe problem of determining the 
probable accumulation of the isotopes in the organism. These 
questions are solved on the basis of values of mean air conta
mination. 

The experimental results were applied to the regulation 
of the air contamination. 
Authors have proposed to use the term "the standard work 

conditions" in radiation protection practice. These "conditi
ons" are characterized by the hygienical safety factor equal 
to 5, wich should be included in the values of regulated 
PMC. 

OdineH3BecTHue npMHUHnu opraHHsauHW riponsBOscTBa nosBOjiHKi 
odecneqHTL desonacHHO ycjiOBHH ipy^ia MH nepconajia TOJIBKO na 
da3e HopM pasHaitHOHHOii desonacHocTH, B OCHOBS Koiopax JIGIMT 
jiHMHTMpoBaHHe flosoBHX Harpy3 0K (nepBH^Hue sosMMeTpHqecKwe xa -
paKTopwcTHKH), onpeflOJifliomHX cxeneHB onacHocTH HenocpeflCTBeHHO 
fljifl HHflHBHflyyMa. 

OflHOBpeMGHHO ^^ewcTByeT CTaiyc cpesHeroAOBHX sonyciMMux 
KOHÎ eHTpailWa (BTOpH^HUX flOSHMeTpHqeCKHX XapaKTepHCTHK), OTHO-
cflmHXCH K napaweipaM cpesa , B KOTopow padoTaei nepcoHaji, H x a -
paKTepMsywiUHx desonacHue ycJiOBHH i p y ^ a . 

ElMeHHO 3flecB, no MHGHIIK) aBTopoB, oymecTByioT npHHiraniaaJii)-
Hbie TpyflHocTH KaK B noflxoflax K onpeflejieHHB STHX HopM PB, TaK H 
B oî GHKax Jiy^ieBux narpysoK no noKaaaTOJiflM 3arpfl3HeHH0CTH B O S -
syiflHoM cpeflH. 

B nepBys) o^epeftB B npodJieMe "PaaiaoaKTHBHue aaposojia KaK 
BOSMOEHHfi $aKTop BHyTpeHHepo odJiy^eHHH" BOSHHKaoT saaa^a nepe-
xofla QT BejiiaqHHH BKcnepuMeHTajiBHO onpeflejiHOMoro cpe^Hero 3 a r -
pH3HeHHH B03ayxa K BepoHTHOMy HaKonjieHHH) H30Tona B opraHH3Me 
Ha ocHOBG saHHHx no cTaTHCTnyecKHM aaKOHOMepHocTHM pacnpesejie-
HHH KOHUeHTpaUtHM H paSHHMHHM flOSHMeTpWHeCKHM XapaKTepHGTHKaM 
pasHoaKTHBHHX asposojieM. 

Bo Bcex cjiyqanx npH KauecTBeHHoS xapaKTepHCTHHe BsuxaoMO-
ro pasHoaKTHBHoro BemecTsa $aKTH îecKH sefleTCH peqB o Mo êjiM 
asposojieK, B TOM KJIH WHOM cieneHH apryMOHTHpoBaHHOfi, HanpuMop, 
HOKOTopafl MOflejiB aaposojiea MOseT npescTaBJiHTBCfl KaK cynepnosH-
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nBOCHOBAHHE OCHOBHyX PAAMOBHO/IOrHHECHMX XAPAHTEPHCTHH 
TnPMR-232 M nPOAVHTnB ErO PACnAAA M rHrHEHHHECHHX HOPM 

{cm M nAH) B BQ3AyXE nPQM3B0ACTBEHHblX nDMEUIEHHtt. 

n.n./lnpcHHM , H. A.riaB/ioBCHaR, lO.T.HanHTaHoa, 
/ I .T .E/ioBCHaH, / l . r .MaHBeBa. 

HncTHTyT rnrHSHbi Tpy^a H npoAaaSoJiBBaHHH AMH CCCP 
MocHBa 

C C C P 

Sumiriary 

Ra t s were a d m i n i s t e r e d , in t ra t racheal ly or by inhalat ion, w i t h s o 
l u b l e (^^°ThCli^) , i n s o l u b l e 1^^10102) t ho r ium compounds t o g e t h e r 
w i th i t s decay p r o d u c t s as w e l l as t h o r i u m - 232 present i n o r e s . 
D i s t r i b u t i o n and r e t e n t i o n of Th-232 and i t s d a u g h t e r s were e s 
t a b l i s h e d for l u n g , lymph n o d e s , l i v e r , b o n e , s p l e e n , k idney and 
o t h e r s . 

The maximum admissible dose (MAD) was determined f o r s m a l l q,u-
a j i t i t i e s of t h o r i u m i n s e r t e d i n o r e s . 

The h y g i e n i c norms of t h o r i u m - 2 3 2 and n a t u r a l thorium(maximum 
a d m i s s i b l e c o n c e n t r a t i o n ) in a tmospheres of workrooms were e s t i m a 
t e d . 

D B S ^ B H U B . 

PaflHOTOKCHSeCHOB flSHCTBHB TOpHFl TBCHO CBHSaHO C O C 0 6 B H HOCT fl MM 
pacnpeflBJiBHMn paflMOHyH/iHflOB pHfla TopHFi-232^ypoBHHMH H X HaKon;ieHHH 
B OpranaX M TKanf lX , CHOpOCTOMH BblBBflSHHR H3 opraHHSMa. 

AaHHbiB o MBTa6o.nH3Me flOsepHHX paf lH03/ i8M8HT0B pRfla TOpHFl-232 
B opraHH3Me npn nocTyn/ isHHH H X B opranb i flbixaHHB C O B M B C T H O C Ma-
TBpHHCHHM S/IBMBHTOM H/IH B03 HH HHO B BHH H B pSSy/ lbTaTB paCHaf la MBTB-
pHHCHoro DaaHOHyH/iHfla B MBCTB ;iOHa/iH3auMH noc / iB f lHs ro HpaMHB o r p a -
HHHBHhl. ^ ' ^ ' -̂  

CaaflBHHH o BbiBBfleHHH T o p H B - 2 3 2 H3 iisTHMX npH nocTyn; iaHHH p a -
flMOHyK/lHfla B HpHCTa;i;iHH8CHOM pBLUBTHB py f l H HO Hl^SHTpaT O B B i lHTBpa-
TypB HB Han/ISHO. AaHHUe O COHBTaHHOn flSHCTBHH MHHpOHO/lHHBCTB TO" 
PHR H 3;iBMBHT0B, BXOflRmHX B COCTaB p BflHOMBTa/l/lH HBCHH X p y f l , OT" 
CyTCTByiQT . 

MaTspnaj ibi H M B T O A N . 

Mcc;iefloBaHHR npoBSfleHU na de/ibix npb icax, HOTopufl oflHonpaTHO 
HHTDaTpax8a; ibH0 B B O A H / I H nepacTBopHMoe i^^^'Sh02) H pacTBopHMoe 
{22 0rj<'^Q-l^'^ CQBflHHBHHH TOpHR COBMBCTHO C flOHBpHHMH p aflH OHy H/l HflBMH . 

1208 
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INHALATION STUDY OF A SUBMICRON SIZE LEAD-212 AEROSOL 

Andrea B ianco* , F. R. Gibb and P. E. Morrow 
Department o f Rad ia t ion Bio logy and Biophys ics 

U n i v e r s i t y o f Rochester School o f Medicine and D e n t i s t r y 
Rochester, New York 14642 

Abs t rac t 

Dogs (purebred female beagles '^ 10 kg) were b r i e f l y exposed t o a submicron 
aerosol o f ^^^Pb having an e f f e c t i v e d i f f u s i o n diameter between 105-120 A, 
(Og 1.2) produced in a chamber of new des ign. The r e s u l t i n g lead burden was 
fo l lowed f o r up t o 72 hours postexposure by ex te rna l coun t ing of the 240 kev 
gamma ray . The concen t ra t i on o f ^^^Pb in the a r t e r i a l and mixed venous blood 
were r e g u l a r l y measured and no s i g n i f i c a n t A-V d i f f e r e n c e could be found. The 
blood concen t ra t i on data were used t o d i f f e r e n t i a t e between the ^'^Pb level 
a c t u a l l y in the lungs and t h a t w i t h i n the t h o r a c i c blood volume. This approach 
was f a c i l i a t e d by the in t ravenous i n j e c t i o n of ^^^Pb so t h a t an increment in 
^^^Pb concen t ra t i on in the blood could be c o r r e l a t e d w i th the increment in 
t h o r a c i c r a d i o a c t i v i t y . Seven canine s tud ies i nd i ca ted t h a t the submicron 
aerosol of ^^^Pb was c leared from the lungs w i t h a s i n g l e exponent ia l process 
having a b i o l o g i c a l h a l f - t i m e of '^ 12 hours. This mean value corresponds 
c l o s e l y t o the b i o l o g i c a l h a l f - t i m e s in human lungs repor ted by o the r i n v e s t i 
gators f o r ^^^Pb and ^^°Pb l a b e l l e d aerosols of d iverse phys ica l and chemical 
forms, v i z . 8-12 hours , suggest ing t h a t the c learance value can be genera l i zed 
f o r atmospheric lead. Evidence is presented t h a t the blood is a p r i n c i p a l 
c learance pathway and t h a t ex te rna l assessment of r a d i o a c t i v e lead in the 
tho rax must a lso cons ider the lead content of the t h o r a c i c wa l l s t r u c t u r e s . 

I n t r o d u c t i on 

An aerosol o f ^^^Pb is formed by the decay of a i rbo rne ^^°Rn, an a lpha-
e m i t t e r having a h a l f - t i m e o f 56 seconds. This aerosol has been the sub jec t 
of severa l recent i n v e s t i g a t i o n s because: (a) the aerosol produced is of 
submicron dimensions and prov ides an i n t e r e s t i n g phys ica l system f o r i n v e s t i g a t 
ing the p roduc t ion o f aerosol by r a d i o a c t i v e e m i s s i o n s ' " 5 , and (b) of i t s sho r t 
h a l f - l i f e , and phys ica l and chemical na tu re , which make i t of per t inence and 
value f o r b i o l o g i c a l s tud ies i n c l u d i n g those in man5~9. The r a d i o a c t i v e schema 
for the p roduc t ion o f ^^^Pb and i t s decay are as f o l l o w s : 

228^^^ a _ ^ 224R3 O i ^ 220R^ O ^ 2i6p^ ^ ^ 2i2p^ 
I.9y 3.6d 56s 0.18s 

^ ' ^ P o ^ 

2 i 2 p b - ^ I ^ ^ 2 i 2 B i ^ ^ r Ih ( y s ) l Y 2°«Pb Stable 
10.6h 

, 20 8n 

*on leave of absence from: Lab. Radiobiotogia Animate, C.S.N. 
Casaooia, C.N.E.N. 00060 Roma, Italy 
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Methods and Ma te r i a l s 

The exper imenta l animals used in the study were purebred, female, beagle 
dogs of approx imate ly 10 kg body we igh t . I n d i v i d u a l exposures t o ^^^Pb 
aerosols were accomplished through an endotracheal tube connected t o a spec ia l 
aerosol chamber (F igure I) w h i l e the canine sub jec t was anes the t ized w i t h 
p e n t o b a r b i t a l sodium (ca 28 mg/kg i . v . ) . 

2 1 2 Pb AEROSOL GENERATION SYSTEM 

VG,VD-FLOW METERS 

T G - THORON GENERATOR 

F - FILTERS 

CH-CHAMBER 6 " D I A . x U ' 
X-EXTERNAL DETECTORS 

( N o l X-TALS) 

PA - DIFF. PRESSURE GAGE 

Si, $2 -SAMPLING PORTS 

DB-DIFFUSION BATTERY 

C-NC - CONO. NUCLEI COUNTER 

I -RESPIRED AIR INTEGRATOR 

® - VALVES 

0-4 .7 l/min 

TO 
EXHAUST SYSTEM 

TO 
EXHAUST SYSTEM 

C-NC 

• ^ h— 

1—1 

INTAKES FOR 

•^ANALYZERS 

Figure I. Schematic of the Aerosol Generation and Exposure System. 
The linear chamber, CH, is complemented by four sub-units: a thoron 

source and aerosol generation unit (left); an aerosol analysis unit (right) 
consisting of sampling ports Si, S2, the diffusion battery, DB, the condensa
tion nuclei counter, C-NC, and a variable exhaust to control the flow through 
DB; the exposure section (rt. center) with its associated physiological moni
tors and the exhaust (right) for the disposal of unused aerosol. 

The Pb aerosol was produced as the r e s u l t of passing a clean a i r 
2 2e-r stream (1 .5 l /min) through a t h o r i urn n i t r a t e s o l u t i o n enr iched w i th Th and 

e x t r a c t i n g the Rn gas. The Rn-a i r m ix tu re was then passed through a 
coarse f i I t e r and a molecu lar f i I t e r be fo re being di lu ted f u r t h e r by f i I te red 
c lean a i r (5 .0 l / m i n ) . The r e s u l t i n g radon mix tu re was conducted through a 
l i n e a r chamber 15 cm diameter by "^ 430 cm long. At t h i s p o i n t , connect ions 

were located which prov ided f o r (a) exposing the s u b j e c t ; (b) ana lyz ing the 
a e r o s o l ; and (c) exhaust ing the unused a e r o s o l . The vo lume t r i c f low in the 
chamber determined the ex ten t t o which the ^^°Rn decayed t o ^^^Pb at the po in t 
of use, i . e . determined the t r a n s i t t i m e . At 6.5 l /m in , the chamber t r a n s i t 
t ime was 10 minutes which i s e q u i v a l e n t t o approx imate ly I I physical h a l f - l i v e s 
f o r the radon gas. This Impl ies t h a t a t t he po in t of use, the ^^°Rn had under
gone 99.95^ decay. 

In the l inear-chamber system, the aerosol can be produced cont inuous ly 
under h i g h l y c o n t r o l l e d cond i t i ons so t h a t the c h a r a c t e r i s t i c s of the aerosol ' 
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are q u i t e constant and h i g h l y rep roduc ib le from day t o day. The dog exposure 
s tud ies u t i l i z e d a submicron aerosol w i t h the foj^lowing average c h a r a c t e r i s t i c s : 
an e f f e c t i v e d i f f u s i o n diameter between 105-120 A; geometr ic s tandard d e v i a t i o n 
'^ 1.2; a mean ^^^Pb a c t i v i t y concen t ra t i on of 0 .7 yCi ^^^Pb/ I a i r cor respond
ing t o s l i g h t l y l ess . than I picogram of P b / I . The exposures were gene ra l l y o f 
about 5 minutes du ra t i on and the i n i t i a l r e s p i r a t o r y burdens in the dog lungs 
averaged '^ 5 yCi of ^^^Pb. 

The analyses of the ^^^Pb aerosol depended upon the de te rmina t ion of the 
mass and numerical p e n e t r a t i o n values in a d i f f u s i o n b a t t e r y (F ig 1). Methods 
of e s t i m a t i n g the d i s t r i b u t i o n a l parameters of a d i f f u s i v e , heterod isperse 
aerosol had been descr ibed by S i n c l a l r l O , Hursh and Mercer^, and by F u c h s ' I . 

A f t e r the b r i e f aerosol exposure, each dog was pos i t i oned in a body 
ho lder and placed w i t h i n a sh ie l ded t h o r a c i c count ing chamberl2. Two 0 . 5 " by 
6 . 0 " s c i n t i l l a t i o n counters (Nal) were c o l l i m a t e d so as t o view the l a t e r a l 
aspects of the dog's chest between the f i r s t and f i f t h i n t e r c o s t a l spaces 
thereby avo id ing a c t i v i t y from subdiaphragmat ic s t r u c t u r e s and the s u p r a g l o t t i c 
a i rways . The outputs o f the two counters were added in the mul t ichannel 
ana lyzer and ob ta ined by h igh-speed d i g i t a l p r i n t - o u t . Analyzer channels 
corresponding t o the energy range 210-270 kev were used f o r the ^^^Pb measure
ments. For B i , t he 560-620 kev range was u t i l i z e d . Dogs were s e r i a l l y 
measured by e x t e r n a l count ing f o r as long as was p r a c t i c a b l e , normal ly 2 days 
postexposure. 

The c o n t r i b u t i o n of the ^^^Bi daughter a c t i v i t y t o t he in v i vo and I n 
v i t r o measurements o f ^^^Pb was determined by s t u d y i n g f r e s h l y - a c q u i r e d f i l t e r 
samples of ^^^Pb e i t h e r as a d i s t r i b u t e d source , e . g . in the lung f i e l d s o f a 
beagle phantom, o r in the same geometry as o the r samples were analyzed. I . e . 
b l ood . S e r i a l b lood samples were requ i red in o rder t o c o r r e c t the t h o r a c i c 
counts f o r the c o n t r i b u t i o n of ^^^Pb which was b loodborne. A sealed tho r ium 
standard ( i n equi 11brium w i t h i t s daughter products) was a l so u t i l i z e d in the 
c o r r e c t i o n and c a l i b r a t i o n procedures. The ^^^Pb:^^^Bi r a t i o s were determined 
as a f u n c t i o n of t ime and eva lua ted in terms of the excess ive ^^^Pb counts 
measured. The app rop r i a te r e l a t i o n s h i p s were then used t o account f o r the 
daughter c o n t r i b u t i o n t o a l l expe r imen ta l l y determined ^^^Pb a c t i v i t i e s . The 
count ing e f f i c i e n c y f o r measuring ^^^Pb w i t h i n the canine t ho rax was found t o 
be approx imate ly 0 .7^ whereas f o r ^^^Pb In blood samples, the e f f i c i e n c y was 
'^ \0% f o r the geometry used. 

6 7 9 
I t was known from prev ious experiments ' ' t h a t ex te rna l measurements 

of the chest soon a f t e r an exposure t o a ^^^Pb aerosol dep ic ted the combined 
processes of lead b u i l d - u p in the blood and of lead removal from the lungs. 
Consequent ly, a knowledge of the blood b u i l d - u p ra te and a "b lood c o r r e c t i o n 
f a c t o r " were requ i red in o rder t o reveal the ac tua l t ime-course of ^^^Pb 
removal from the lungs. Th is " c o r r e c t i o n " procedure^ in essence, assumes t h a t 
at leas t dur ing most of t he lung c learance (0-48 h r ) , t he re is no o the r Impor
t a n t extrapulmonary compartment w i t h i n the t h o r a c i c f i e l d except the t h o r a c i c 
blood volume. This poi n t wi I I be dea I t w i t h more f u l l y in the Discussion 
s e c t i o n o f t h i s paper. 

Res u I t s 

In seven dog s t u d i e s , measurements o f ^^^Pb a c t i v i t y as d i r e c t l y obta ined 
by ex te rna l coun t ing dur ing the f i r s t 24-48 hr postexposure gave an apparent 
e f f e c t i v e h a l f - l i f e f o r t he t ho rax of 8.3 hr imp ly ing a s imple exponent ia l 
c learance f o r lead w i t h a b i o l o g i c a l h a l f - t i m e of approx imate ly 40 hours 
(X = .0173) . However, when the raw a c t i v i t y data were co r rec ted f o r the 
c o n t r i b u t i o n of daughter a c t i v i t y , v i z . ^ ^ ^ B i , then the average t h o r a c i c 
c learance h a l f - t i m e ( e f f e c t i v e ) and the es t imate f o r the b i o l o g i c a l 
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h a l f - t i m e decreased (F igure 2 ) . 

When the daugh te r - co r rec ted , t h o r a c i c a c t i v i t y of ^^^Pb was a lso adjusted 
f o r the c o n t r i b u t i o n of the bloodborne ^^^Pb, the average, e f f e c t i v e c learance 
h a l f - t i m e f o r the t ho rax f u r t h e r decreased t o 5.6 hours and the corresponding 
b i o l o g i c a l c learance h a l f - t i m e decreased t o 11.9 hours (X = 0 .054 ) . In Figure 
3, t h e r e f o r e , the average curve can be dep ic ted by the s imple exponent ia l 
equa t i on : R = Ae"^+ where R is the f r a c t i o n a l a c t i v i t y r e t a i n e d , A the 
i n i t i a l a c t i v i t y , X, the decay c o e f f i c i e n t , i s equal t o 0 .054 , and t i s the 
t i me in hours. 
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Figure 2. Graphic Summary of Thoracic 
Retention Data for '^^^Fb. 

These data are corrected for the 
Compton scattering in the ^^^Pb energy 
spectrum due to ^ Bi activity. The 
intercepts of the curves were adjusted 
so as to avoid overlap in their pre
sentation. 

Figure 3. Corrected Thoracic Reten
tion Data. 

These curves have been corrected for 
bloodborne ^^^Pb by the procedure 
described in the text. For this 
graphic presentation, the data have 
been arbitrarily adjusted to reduce 
overlaps. 

Whereas, a l l of the c learance data can be considered e x p o n e n t i a l , the range of 
h a l f - t i m e values in the daugh te r -co r rec ted data was 7 .0 -7 .8 hours ; in the data 
ad jus ted f o r bloodborne r a d i o a c t i v i t y , the v a r i a t i o n inc reased, i . e . 4 .3 -6 .9 
hours , i n d i c a t i n g t h a t the blood c o r r e c t i o n procedure was la rge ly respons ib le 
f o r t h i s . 

Measurements of bloodborne a c t i v i t y in the mixed venous and a r t e r i a l b lood 
revealed no s i g n i f i c a n t 
An A-
renal 

2 12 Pb concen t ra t i on g rad ien t dur ing the f i r s t 24 hours, 
d s ince t h e r e had been a 

a f t e r in t ravenous adm in i s t r a t i on ' : 
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d i s s i p a t e d presumably due t o the s h i f t of ^^^Pb from the plasma t o red blood 
ce I I s . 

The b lood b u i l d - u p curve f o r ^^^Pb peaked a t approximately 10 hours pos t 
exposure. In terms of s t a b l e o r decay-cor rec ted lead, t he re was no s i g n i f i 
cant decrease in blood lead concen t ra t i on below t h i s peak concen t ra t i on dur ing 
the f i r s t 24 hours . The bui Id-up phase in the b lood appeared t o be exponent ia l 
and have a h a l f - t i m e of 4.7 hours . This is s u b s t a n t i a l l y f a s t e r than the ra te 
of ^^^Pb disappearance from the lungs. Th is i nd i ca ted some incons is tency in 
the data i f i t i s assumed t h a t a l l (>95^) of t he lead c learance is d i r e c t l y 
i n t o the blood as d id Hursh and Mercer^. This p o i n t Is under f u r t h e r s tudy . 

One dog was g iven a large i n i t i a l ^^^Pb burden w i t h the expec ta t i on t h a t 
t he t h o r a c i c c learance ^^^Pb could be fo l l owed a f t e r 24 hours more a c c u r a t e l y . 
A t 96 hours postexposure, the t h o r a c i c level was found t o be 0.18^ of the 
i n i t i a l va lue and f a r i n excess of t h a t commensurate w i t h 11.9 hours b i o l o g i c a l 
h a l f - t i m e . The a c t i v i t y In the blood measured a t t h i s t ime was i n s u f f i c i e n t 
t o account f o r more than 30^ of the t h o r a c i c a c t i v i t y , but s ince the blood 
a c t i v i t y was so low, we considered t h i s value h i g h l y s p e c u l a t i v e . Consequently 
the animal was s a c r i f i c e d and the lungs, pulmonic nodes and blood corresponding 
t o the blood volume of the t h o r a c i c v i s c e r a , were removed. The chest c a v i t y 
was f i I led w i t h a mass of wet , absorbent paper corresponding t o the weight of 
the t i s s u e s removed and then the t ho rax was recounted as i t was In the i n t a c t 
an imal . N i n e t y - f o u r percent of the t e rm ina l t h o r a c i c a c t i v i t y was found 
assoc ia ted w i t h the e v i s c e r a t e d t h o r a x . We conc lude, t h e r e f o r e , t h a t the 
re ta ined ^^^Pb a c t i v i t y was based e n t i r e l y upon the lead content of the blood 
and the t h o r a c i c wa l l s t r u c t u r e s and no lead r e t e n t i o n could be assigned t o 
the lungs and pulmonic lymphat ics . This conc lus ion Is e n t i r e l y c o n s i s t e n t 
w i t h the b i o l o g i c a l h a l f - t i m e assigned t o the lungs. 

D iscuss ion 

Thorac ic measurements In a l l dogs were sub jec ted t o a c o r r e c t i o n proce
dure t o account f o r the bloodborne ^ Pb. Hursh and Mercer'^ f i r s t repor ted 
t h i s procedure, which e n t a i l s the Int ravenous i n j e c t i o n of a f r e s h l y - a c q u i r e d 
^^^Pb sample and t o determine the increments in systemic blood and t h o r a c i c 
r a d i o a c t i v i t i e s p o s t - i n j e c t i o n . Our p repa ra t i on was made by s o n i f i c a t l o n o f a 
^^^Pb f i l t e r s a m p l e in I so ton i c saI Ine fo l l owed by the i n j e c t l o n of '^ 2 ml i nfo 
a leg v e i n . The r a t i o of t he increments In ^^^Pb a c t i v i t y c o n s t i t u t e s a 
c o r r e c t i o n f a c t o r which is der ived from both geometr ic and blood volume con-
si de ra t i ons. 

In t h i s s t u d y , the i n i t i a l t h o r a c i c measurements (0-1 hr ) and the subse
quent b l o o d - c o r r e c t e d measurements were taken as p e r t a i n i n g t o the removal of 

Pb from the lung parenchyma. C e r t a i n c o r r o b o r a t i v e evidence was c i t e d . 
From o the r s t u d i e s 6 , 7 , 9 t h e r e is evidence of the removal of lead from the 
blood by b i l i a r y and u r i n a r y e x c r e t i o n and by r e d i s t r i b u t i o n t o o the r t i s s u e s , 
e s p e c i a l l y s k e l e t a l . These pharmacodynamic fea tu res of b lood lead are not 
e a s i l y s t u d i e d w i t h the ^''^Pb i so tope , but the a v a i l a b l e data i n d i c a t e a very 
slow c learance ra te f o r lead in the blood r e l a t i v e t o t h a t in the lungs. 

The b i o l o g i c a l h a l f - t i m e of 11.9 hours f o r lead in the lungs is In c lose 
agreement t o the 10,5-11.5 h r values repor ted by Hursh and Mercer^ f o r human 
sub jec ts f o l l o w i n g s i n g l e exposures t o 0 .02 -0 .23 ym AM\D aeroso ls . The c l e a r 
ance value is a l so simi l a r t o those repor ted by Booker, e t a 1^ f o r ^^^Pb 
l abe l l ed lead vapor in man, v i z . ^ 10 hr b i o l o g i c a l h a l f - t i m e and by JacobM^ 
f o r ^^^Pb a t tached t o atmospher ic dust p a r t i c l e s g i v i n g a b i o l o g i c a l h a l f - t i m e 
of 8 hours . Dog s tud ies by Gibb and Hursh (unpub l i shed ) , u t i l i z i n g ^^°Pb and 
i n v o l v i n g ' ^ 0 . 1 yg burdens of s t a b l e lead in the form o f a bas ic carbonate 
( 0 . 2 - 0 . 6 ym AMAD), a l so revealed an i n i t i a l lung c learance ra te ( a f t e r a blood
borne lead c o r r e c t i o n was app l i ed ) of 12.2 hours. The p o s s i b i l i t y t h a t the 
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ex te rna l coun t ing data in these i n v e s t i g a t i o n s were compl icated by t r acheo 
b ronch ia l c learance i s d iscounted by the ra te o f ^^°Pb bu i l d -up in the blood 
which was near ly i d e n t i c a l t o t h a t found in t h i s s tudy . 

These severa l s tud ies w i t h h i g h l y d i f f e r e n t aerosols of lead, both phys i 
c a l l y and c h e m i c a l l y , g ive remarkably s i m i l a r r e s u l t s , so t h a t i t appears 
p r a c t i c a l t o gene ra l i ze the c learance of lead from the lungs of man f o l l o w i n g 
exposure t o var ious atmospheric forms. In poss ib le disagreement t o t h i s view
p o i n t are the data of Morken14 who repor ted a f i v e minute b i o l o g i c a l h a l f -
t ime f o r ^^'*Pb on atmospheric dust from mouse lungs and the data of A Iber t and 
A r n e t t , who s tud ied ^'•^Pb a t tached t o k a o l i n p a r t i c l e s l 5 and repor ted a 60 
hour b i o l o g i c a l c learance h a l f - t i m e . I t should be no ted , however, t h a t A lbe r t 
and A r n e t t f a i led t o account f o r the bloodborne ^^^Pb. 
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THE EPPBCT OP BREATH-HOIiDING ON THE 
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ABSTBAGT 

Iteasurements of depos i t ion of p a r t i c l e s in the human lung during 
breath-holding can be made use of t o ca lculate the diameter of the tubular 
passageways of the respiratory t rac t in l i f e . When the inspired volume i s 
s u f f i c i e n t l y great for most of the aerosol t o penetrate beyond the anatomical 
dead space , the rate of depos i t ion during the breath-holding can be regarded 
as an index of the average diameter of the a lveo lar airways. Studies of the 
e f f e c t of breath-holding on depos i t ion and recover ies of o.5 ^ p a r t i c l e s of 
un i t densi ty i n d i f ferent lung volumes are described in t h i s paper. Based on 
the r e s u l t s of s teady-s tate breathing experiments, the average diameter of the 
airways i n the a lveolar region of the lung has been found t o be 0.74 mms. 

INTROmCTIOH 

Studies on the deposit ion of p a r t i c l e s i n human liuigs show that i t i s 
poss ib l e pauses may occur in between inhalat ion and exhalation and a l s o 
between success ive breaths. The duration of these pauses should have certa in 
e f f e c t s on deposi t ion of p a r t i c l e s in the lung. According t o A l t s h u l e r l , 
breath-holding experiments are use fu l in assess ing an aversige dimension of the 
a lveo lar spa t ia l u n i t s i n l i f e . When the inspired volume i s s u f f i c i e n t l y 
large for most of the aerosol t o penetrate beyond the anatomical dead space, 
the ra te of depos i t ion during breath-holding can be regarded as an index of 
the average dimension of the a lveolar space i n l i f e . 

This paper g ives an account of the s tud ie s made t o find the e f f ec t of 
breath-holding on the deposi t ion of 0 .5 pm spherical p a r t i c l e s of uni t density 
during the s teady-s tate and s ing le -breath experiments. 

EXPERIMSMTAL TECHNIQUES AND RESUIffS 

The apparatus used for the measurement of depos i t ion i s the one used 
by Davies, Heyder and Subba Eamu^. Three d i f ferent techniques were employed 
for Eoeasuring the e f f ec t of breath-holding on aerosol depos i t ion . In the 
f i r s t c a s e , the subject breathed t h e aerosol t i l l s teady-state condition 
was reached, wi th a pause for a known period of time between success ive 
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breaths. Table 1 gives the r e s u l t s of the measurements for these two cases. 
Average breath-holding times ( t ) are given along with the t i d a l volumes (TV) 
expiratory reserve volvunes (ERV), breathing frequencies (f) and the fraction 
deposited ( D ) . I t can be seen that the deposition increased by about 54^ for 
an average breath-holding time of 1.07 sees in the f i r s t case whereas there 
was negligibly small difference in the second case. 

Table-1 

The effect of breath-holding on deposition during 
steady-state breathing 

TV 

(Cm') 

678 

678 

696 

696 

ERV 

(Cm') 

1260 

1260 

1200 

1200 

f 

(Breaths/min) 

16.8 

16.8 

17.8 

17.8 

t 

(sees) 

0 

1.07 

0 

1.36 

(1-D) 

(Average) 

0.906 

0.874 

0.905 

0.915 

Remarks 

Normal; No pause 

Pause between inhalation 
and exhaMtion 

Normal; No pause 

Pause between successive 
breaths 

In the thi rd case , the subject inhaled about 600 cm of aerosol-laden 
a i r , held the breath for a known period of time and exhaled more or less the 
same volvune of a i r . This was followed by inhalat ion of clean a i r and maximal 
exhalation. The t o t a l recovery ( R ) , recovery in t i d a l volume (Rt) and the 
recovery (Rr/1-Rt) of aerosol par t ic les are calculated separately as shown 
in table 2. Rp i s the r a t i o of the number of par t i c les recovered in the 

Table-2 

The effect of breath-holding on the recovery of 0.5 /um 
par t i c l e s in the exhaled a i r (single-breath experiments) 

TV ERV f t R 

(Cm ) (Cm ) (breaths/min) (sees) 

V^-^t 

660 

690 

665 

615 

585 

635 

980 

820 

941 

950 

1010 

1170 

16.5 

15.4 

14.4 

14.2 

17.0 

15.3 

0.0 

3.0 

5.7 

7.6 

15.3 

24.0 

0.96 

0.86 

0.79 

0.73 

0.57 

0.45 

0.90 

0.76 

0.67 

0.62 

0.46 

0.36 

0.72 

0.54 

0.42 

0.33 

0.18 

0.13 

reserve air to that in the inhaled air. (R^/1-R.J.) is the recovery of particles 
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in the reserve a i r expressed as a fraction of pa r t i c les lost from the t i d a l 
a i r into the reserve a i r . Figure 1 gives the values of R, R-t and (RJ./1-RJ.) 
for different breath-holding times. 

The build-up of aerosol par t ic les in the lung before steady-state i s 
reached is shown in figiore 2 for normal breathing and breathing with pauses. 
Breath-holding seems to have no effect on the time needed for a t ta ining the 
s teady-state condition. The plot of BQ/R^Y against the number of breaths shows 
tha t , in a l l cases, s teady-s ta te i s reached in four breaths . HQ i s given by 

\ = V n̂ ^'^ 
where I^ i s the amount of a e r o s o l inha led i n t he n b r e a t h dur ing b u i l d - u p , 
and E^ the amount of a e r o s o l exhaled i n t h e same b r e a t h . RAV I S ^^e average 
f r a c t i o n recovered dur ing s t e a d y - s t a t e b r e a t h i n g . 

CALOUlATICar OP PASSAGEWAY DIAMETER 
•Z 

landahl gives the following equation for the fraction deposited (D) 
in the human lung during breath-holding time ' t ' : 

-R In(l-D) = (1.8 X 10^d Ct) + (4 X 10 Vct /d j 2 

where, d = diameter of the par t ic le (cm) 

R = radius of the tubular passage (cm) 

and C = 1+1.8 x 10 / d , a size correction factor. 

Table 3 gives the average diameters of the t i d a l volume (Djy) and the 
expiratory reserve volume (Djgy), calculated using equation (2) and table 2. 
D(TV+ERV) i s obtained from the re su l t s of the t o t a l recoveries for different 
breath-holding periods. The diameter of the t i d a l volume varies from 0.33 
to 0.38 mms and that of the expiratory reserve volume from 0.16 to 0.20 mms. 

The diameter of the airways in the alveolated region has been calcula
ted using the deposition measured during steady-state breathing. The deposition 
increased from 9.4^, when there was no pause, to 12.6^ when the pause between 
inhalation and exhalation was, on an average, 1.07 sees (Table 1). Using 
equation (2) , the diameter of the passageway was cadculated to be 0.74 mms. 
The diameter of the passageway calculated in the case of s teady-state 
breathing works out to be more than that calculated in the case of the 
single-breath experiments. 

Table-3 

Average diameters of the tidal(Dpy) and the expiratory reserve volumes 
( D E R V ) ill "the lung, calculated using equation (2) and table (2) 

t TV Djv ERV D E R V ( T V + E R V ) ^ ( T V + E H V ) K E V + D E R V 

(sees) (cm ) (nms) (cm ) (mms) (nms) 

820 0.19 1510 0.51 0.52 

941 0.19 1606 0.52 0.53 

950 0.16 1565 0.50 0.50 

1010 0.17 1595 0.46 0.52 

24..Q &ii Qx38 IIIQ Q̂..2Q IQQS Q^IS Q..5.a 

Average 638 0.35 980 0.18 1618 0.50 0.53 
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DISGUSSia? 

Experiments u s i n g 0 .5 )im p a r t i c l e s , conducted by Palmes, A l t shu l e r 
and Nelson4, showed t h a t t h e passageway diameter va r ied from 0.3 t o 0.4 mms. 
The r e s u l t s of s i m i l a r experiments g iven i n t a b l e 3 show t h a t the diameter i s 
about 0 .5 mms. The d iamete r of the passageways ca l cu la t ed i n t he case of 
s t e a d y - s t a t e b r ea th ing works out t o be 0.74 mms (Table l ) . The d i f f e r ence i n 
the d i ame te r s obtained for t he se two cases i n d i c a t e t h a t t he most of t he 
a e r o s o l p a r t i c l e s l o s t from the t i d a l a i r reach the wa l l s of the lung a f t e r 
pass ing t h r o u ^ t h e e x p i r a t o r y r e se rve volume and the r e s i d u a l volume. 

Let u s cons ider tha t t h e shape of t h e r e s e r v e voliune i s same a s t h a t 
of r e s i d u a l volume, then the r a d i u s (0.09 mms) and t h e corresponding 
exp i r a to ry r e s e r v e volume (980 cm') a r e r e l a t e d by 

0.09 •=< <y^ 980 (3) 

and i f the r a d i u s of t he r e s i d u a l volume i s denoted by rgy and the r e s i d u a l 
volume i s 2040 cm^ which i s the value f o r t he subjec t under cons ide ra t i on , 
then we have , 

r j j^ c^ ^ 2040 (4) 

Dividing (4) by ( 3 ) , we get 

r^y - 0 0.09 x ^ 2040/980 

Thus, r^Y = 0.12 mms 

Therefore t he d i a n e t e r of liie r e s i d u a l volume i s 0.24 mms. 

Now i f we add the d iamete r s of t he t i d a l , r e se rve and r e s i d u a l 
volumes, we ge t 0.76 mms which i s i n c lose agreement wi th the diameter 
(0.74 mms) ca l cu l a t ed fo r the s t e a d y - s t a t e b rea th ing experiment . 

The c a l c u l a t e d diameter (o.74 mms) of t h e a l v e o l a r airways works out 
t o be g r e a t e r t h a n t h e va lues given by weibel i n h i s r egu la r dichotomy model 
of t he human lung a t 3/4 maximum i n f l a t i o n . I f the diameters of the airways 
a r e lairge, i t means i t t a k e s a longer time for the p a r t i c l e s t o t r a v e l from 
the main stream towards t h e w a l l s and i f , meanwhile, the sub jec t exhales ou t , 
the f r a c t i o n deposi ted would be the lowest and i n some c a s e s , a l l the 0.5 pm 
p a r t i c l e s inhaled would be exhaled out a s i n the ca se of s i n g l e - b r e a t h 
exper iments .^ 

The t h e o r e t i c a l curves ( f igure 1) c a l cu l a t ed by equat ion (2) do not 
vary much from t h e exper imenta l ones, showing t h a t t he r e l a t i o n s h i p given by 
Landahl^ can be used f o r ob ta in ing the d iamete r of the a i rways i n the human 
lung us ing 0 .5 pm p a r t i c l e s a s t r a c e r s . B e t t e r agreement between the theory 
and experiments would perhaps be poss ib le i f a co r r ec t i on i s made to account 
for the i n e r t i a l movement caused during the b rea th ing cycle i n t he reg ion of 
func t iona l r e s i d u a l volume. Another descrepancy pointed out by Palines, 
Al t shu le r and Nelson i s the r e l a t i v e l y smal l c o n t r i b u t i o n of the Brownian „ 
motion term t o t he c a l c u l a t e d d e p o s i t i o n . As has been pointed out by Landahl 
the d i f f e r e n c e becomes s e r i ous only fo r p a r t i c l e s 0.1 ^ or l e s s . 

An important i m p l i c a t i o n of these s t u d i e s i s t h a t t he dose de l ive red 
t o t h e t i s s u e s by b rea th ing r a d i o a c t i v e p a r t i c l e s of d i f f e r e n t s i z e s reduces 
cons iderab ly i f the airway d iamete r , e s p e c i a l l y i n t h e a lveo la t ed reg ion of 
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the lung, i s la rger . This would resu l t in appreciable changes in the m.p . l . 
values to the advantage of the progress of nuclear industry. The method of 
measuring the diameter of the airways by breath-holding technique i s also 
useful for diagnost ic purposes. Persons suffering from constr ict ive diseases 
wi l l have a higher deposition of pa r t i c l e s in the lung. Also the breath-
holding technique would show the extent of constr ict ion when compared with the 
airway diameter of a normal lung. 
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HASL CYCLONE AS AN INSTRUIiIENT FOR M3A3URING 
AJiROSOL PARAMETiSRS FOR NSW 1.UNG MODEI, 

P.Kotrappa, S.K.Dua, D.P.Bhanti and P . P . J o s h i 
Heal th Physics Div i s ion 

Bhabha Atomic Research Centre 
Bombay-400085, Ind ia 

Abstract 

Recently proposed ICRP Inun^ Model s t i p u l a t e s t h a t a knowledge of an 
a e r o s o l parameter , a c t i v i t y median aerodynamic d iameter (AMD) ia e s s e n t i a l 
t o p r e d i c t the f r a c t i o n a l depos i t ions in var ious p a r t s of the r e s p i r a t o r y 
t r a c t . I t i s shown t h a t t h i s method of determining AMAD does not r e f l e c t 
s i g n i f i c a n t e r r o r i n t he es t imat ion of pulmonary d e p o s i t i o n over a s i z e rarjge 
of 1.5 to 8.0 /jm. Resu l t s of a l a r g e number of measurements made in Tronbay 
Fuel i teprocessing P lan t a r e r e p o r t e d . Resul ts compare wel l with s i m i l a r 
measureD,ent.3 ntide by o t h e r techniques such as G e n t r i p e t e r and Autoradiography. 
S ign i f i cance of t he measured AMAD i s discussed wi th r eapec t t o maximum permi
s s i b l e concen t ra t ions (MPC) in a i r . 

I n t roduc t ion 

Current ly used IfiPC values in a i r for r a d i o a c t i v e nuc l ides assume t h a t 
25^ of whatever inhaled goes to pulmonary region of the lung and 12-^2 undergoes 
long term r e t e n t i o n for inso lub le a e r o s o l s . This i s assumed with no regard to 
t he p a r t i c l e s i z e d i s t r i b u t i o n of t h e inhaled a e r o a o l . In r e a l i t y t h i s assump
t i o n i s not va l i d and hence ICRP c o n s t i t u t e d a Task Group to evolve d e p o s i 
t i o n and c learance models t a k i i y in to account amor^ o t h e r parameters , the 
p a r t i c l e s i z e d i s t r i b u t i o n of t h e inhaled a e r o s o l . Af te r cons iderab le 
d e l i b e r a t i o n Task Group came t o the conclus ion t h a t t h e depos i t ion f r a c t i o n s 
in va r ious p a r t s of the r e s p i r a t o r y t r a c t can be p red i c t ed f a i r l y a c c u r a t e l y , 
i f one knows a p a r t i c l e 3ize parameter , a c t i v i t y median aerodynamic diameter 
(AICAD). Task Group f u r t h e r s t a t e s t h a t t he spread i n p a r t i c l e s i z e d i s t r i b u 
t i o n ( t he geometric s tandard d e v i a t i o n ) does not have s i g n i f i c a n t effect on 
t he d e p o s i t i o n f r a c t i o n s . 

3 
The popular ins t ruments amory o t h e r s a v a i l a b l e f o r the measurement 

of AliiAL a re cascade impactor'' ' and cascade c e n t r i p e t e r ^ , which have severe 
l i m i t a t i o n s wi th the loading and v/all l o s s e s r e s p e c t i v e l y . I n the present 
v/ork an approach of using the f r a c t i o n penetrat ing, t h e HASL cyclone" a t a 
p a r t i c u l a r flow r a t e as a measure of AMAD i s p re sen ted . 

P e n e t r a t i o n C h a r a c t e r i s t i c s of HASL Cyclones 
6 

Health and ilafety Laboratory' of U3AEC developed minia ture cyclones . 
These have p e n e t r a t i o n c h a r a c t e r i s t i c s matchint^ the so ca l led Loa Alamos 
Hcspiie.ble Curves, when operated a t a p a r t i c u l a r flow r a t e . Half inch 
cyc lone ' i s operated a t 9 l i t r e s / m i n and one inch cyclones^ a t 68 l i t r e s / m i n . 
Therefore p e n e t r a t i o n c n a r a c t e r i s t i c s of these cyclones can be t aken iden t i ca l 
t o Los Alamos Resp i rab le Curve. Lynch^ f i t t e d an a n a l y t i c a l express ion f o r 
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t h i s p e n e t r a t i o n curve and worked out mass p e n e t r a t i o n s fo r d i f f e r e n t 
p a r t i c l e s i ze d i s t r i b u t i o n s . He g i v e s a t a b l e i n which mass pene t r a t i ons a r e 
l i s t e d f o r a g iven count median aerodynamic diameter and a given geometric 
s tandard d e v i a t i o n , assuming t h a t the d i s t r i b u t i o n i s log-normal . We have 
t aken t h i s da t a and computed mass p e n e t r a t i o n f r a c t i o n s with r e spec t t o AMAD 
for va r ious geometr ic s tandard d e v i a t i o n s usirjg Hatch and Ghoate equation^O. 
The da ta thus ca lc i i la ted was f i t t e d to a l e a s t squares l i n e on a semilog 
graph paper , P ig .1 g ives such l i n e s fo r geometr ic s tandard d e v i a t i o n s 
between 1.5 ard 3 . 0 . A master l i n e given in the f igu re i s a computer f i t t e d 
l e a s t squares l i n e taking i n t o account the e n t i r e set of da ta po in t s used fo r 
drawing va r ious l i n e s . 

Moss and £ t t i n g e r have p l o t t e d p e n e t r a t i o n curves on a l i n e a r graph 
sheet f o r s l i g h t l y d i f f e r e n t p e n e t r a t i o n curves (ACOIH C r i t e r i o n ) . 

Ifess P e n e t r a t i o n F rac t ions and AMAD 

If one measures mass p e n e t r a t i o n f r a c t i o n s through a cyclone a t proper 
flo'v r a t e s , one can find AMAD usir^j the master l i n e in Fig.1 . As can be seen, 
the va lue of AMAD depends to some ex ten t on t he geometric s tandard d e v i a t i o n . 
Aerosol normally encountered i n f i e l d cond i t ions has a GSD between 1 .5 and 5.0 
and the s i t u a t i o n s g iving r i s e to d i s t r i b u t i o n s outs ide these l i m i t s a re r a r e 
(see T a b l e - I l l ) . In t h e aosence of the knowledge of GSD, l i n e s corresponding 
to GaD of 1 .5 and 3.0 enveloping the master l i n e are taken to pi-ovide 
u n c e r t a i n t y i n AVAD, For example, i f p e n e t r a t i o n f r a c t i o n i s 0 .70 , AMAD 
i s 2 .3 pm + 0.12 pm 

- 0.50 jum. 

Pulmonary Deposi t ion F rac t i ons and AMAD 

The otJject of measurement of AMAD i s to p r ed i c t the pulmonary depos i t ion 
f r a c t i o n s , î e can now examine whether the p o s s i b l e e r r o r s in cyclone measure
ment of AMAD have s i g n i f i c a n t inf luence on the es t i i ia ted pulmonary depos i t ion 
f r a c t i o n s . ICRP Task Group^ g i v e s carve between AMAD and the pulmonary 
d e p o s i t i o n f r a c t i o n s . A par t of i t i s reproduced on the l e f t ha l f of Fig.1 
for the s i z e range of 1 .5 /.im and 10.0 /am. Tao l e - I g ives fo r va r ious AMADs, 
the erixDrs involved in the e s t ima t ion of pulmonary depos i t ion f r a c t i o n s 
because GSD i s not known. I t i s a l s o ind ica ted by e r r o r bands on the curve 
i n F i g . l . I t can be seen t h a t the e r r o r i s minimum in t he s i z e range of 
4 fxa. (A&IAD) and i s l e s s than ^0;i fo r the s i ze range of 1 .5 to 7.0 jum. I t i s 
t he re fo re concluded t h a t for t h e s i z e ra r^e of i n t e r e s t , the e r r o r in 
es t imat ing the pulmonary d e p o s i t i o n f r a c t i o n i s not s i g n i f i c a n t . 

Tab le - I 

Er rors Associated with the iJstimation of Pulmonary Deposi t ion 
by Cyclone Method f o r Various P a r t i c l e SlzeCAtjAD) 

P a r t i c l e s i z e 
(AMAD) 1.5 2 .0 3.0 4 .0 5.0 6.0 7.0 8.0 

7o Pulmonary 19.7 17.6 14.9 13.0 11.4 10.3 9.2 8.2 
Deposi t ion + 1.5 + 1.3 + 0 . 1 + 0 . 5 + 1 . 1 + 1 . 2 +1.7 +2.0 
with e r r o r s _ 1.2 - 0 . 6 - 0 . 1 - 0 . 6 - 0 . 9 - 1 . 5 -1 .9 -2.1 
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Field Measurements of AMAD UsinK Cyclones 

Measurements 
Fig.2 shows experimental arrangement for cyclone a i r sampling. Plow 

rates were set at 9 l i t res /min for a half inch cyclone using a wet-test meter 
and also a soap bubble flow meter. Whatever penetrates the cyclone gets 
collected on an a i r sampling f i l t e r paper (Whatman GP/A glass f ibre paper). 
Other sampling head col lects a gross sample. The ra t io of the ac t i v i t y on the 
f i l t e r paper following the cyclone and the f i l t e r paper from gross sample, 
provides fractional penetrat ions. Samples are generally taken over a period 
of 6 to 8 hours at a locat ion close to breathing zone of workers. Cyclone 
is thoroiighly cleaned before using for a subsequent measurements. Such dete,r-
minations are made in different operati iy areas of Trombay Fuel Reprocessir^ 
Plant . 

Discussion of Results 

Number of measurements are imide at each of the locations mentioned in 
Table-II . These measurements are grouped as shown in Table-II . Mean per cent 
penetrations and the corresponiing AMAD are also l i s ted in the t ab le . I t can 
be seen that AMAD does not stay constant from day to day or from one operation 
to the other . However a mean AMAD can be associated with each locat ion. Fi rs t 
three areas are the areas normally used for handlir^ Plutonium and the other 
areas mostly f i ss ion products. I t is of in teres t to compare our resu l t s with 
the AMkJj reported in the l i t e r a t u r e . Table-I l l l i s t s the range of values 
obtained by various invest igators , using different techniques. Our values 
compare well with the values shown in Tab le - I l l . 

Table-II 

Results of Measurements of AMAD by Cyclone Method Measurements 
in Various Areas of Trombay Fuel Heprocessir^ Plant 

Per cent 
Penetration 

Sampled 
Areas 

Crane Space 
Pu-Lab 

10 
t o 
20 

Number of 

Pu-Lab JiSiintenance 
Operatir^ Gallery 
Control Lab 
Service Corridor 

12 
4 
1 
-
3 
1 

21 
t o 
30 

31 
to 
40 

Measurements 

3 
4 
4 
1 
3 
— 

5 
3 
1 
5 
2 
2 

41 
t o 
60 

1 
2 
6 
6 

10 
3 

61 
t o 
80 

,̂ 

-
-
7 
2 
1 

Weighted 
mean per 
cent pene
t ra t ions 

22.9 
28.1 
37.5 
52.1 
41.5 
43.6 

AMAD 

7.5 
6 .3 
5.2 
3.5 
4 . 7 
4 .4 

Note: First three areas give aerosol data for Pu and the 
subsequent four for fission products. 

Revision of MPC^ Values 

In l igh t of the actual f ie ld measurements described above, we can 
examine the currently used MPCa values. Currently used MPĈ  values assume 
that 12^o of the inhaled undergoes lo i^ term retention in the pulmonary 
region for re la t ively insoluble isotopes. Accordii^ to the proposed Lung 
Model, th i s percentage depends upon AMAD. Table-IV gives the per cent 
undergoing long term retent ion with respect to AMAD. I t is seen that we 
are under-estiinatirig the hazard if Ai&XD i s greater than 1 .5 pm. Therefore 
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for Fuel Reprocessing P l a n t , we a r e ove r -e s t ima t ing the hazard by a f a c t o r of 
2 .0 i n us ing t h e cur ren t MPC„ va lues f o r i n s o l u b l e a e r o s o l s . 

cL 

T a b l e - I l l 
AMAD Measurements Ava i l ab le i n L i t e r a t u r e 

Author 

12 
Andersen 

13 Sundararajan 

Stevens 

Langmead 
15 

AMAD 
(um) GSD Comments 

3.4 t o 7.2 2 . 0 to 2 .3 Autoradiographic method. Pu 
a e r o s o l s cover i ry d i f f e r e n t 
o p e r a t i o n s . 

2 t o 6 1.7 t o 2 .3 - d o -

3.5 to 6.0 2 .0 t o 3.4 Gen t r ipe te r technique for 
Pu -ae roso l s . 

4 .7 t o 7 .0 2.5 t o 3.4 Gen t r ipe t e r technique fo r 
f i s s i o n product a e r o s o l s , 

4 .3 1.9 UF- a e r o s o l . Gen t r ipe t e r 
t echn ique . 

5.33 + 1.39 2.46 + 0.62 P u - a e r o s o l s . Gen t r ipe t e r 
t echn ique . 

2.5 to 11.0 - -do- (Windscale) 
5 to 6.0 - -do- (Springfield) 

Table-IV 

Rat ios of MPC ( for Inso lub le Aerosols) fo r Old and New Luna Models 

P a r t i c l e 
size,AMAD 1.0 1.5 2 .0 3.0 4 .0 5.0 6.0 7.0 8.0 
Jj^l 
/i long term 
pulmonary 14.4 11.8 10.6 9 .0 7 .8 6.9 6.2 5.5 4.9 
r e t e n t i o n 

[ i l^^^fc^) '-'^ '-'' °'̂ 5 °-̂ °̂-̂ 2 '-'' °-̂ ° °-̂ ^ °-̂ 5 
ct 

Conclusion 

Cyclone method of measuring AMAD provides an accep tab le method as long 
as we intend to use the informat ion f o r e s t ima t ing i n h a l a t i o n haza rds . The 
method does not provide geometr ic s tandard d e v i a t i o n . The bas i c assumption 
used i n t h i s method, v i z . t h a t the p e n e t r a t i o n c h a r a c t e r i s t i c s a r e i d e n t i c a l 
t o the Los Alamos Respirable Curve, should be borne in mind. Proper flow 
l a t e s must be employed. The method i s simple and opera t iona l h e a l t h phys ic i s t s 
can adopt t h i s method without needing a d d i t i o n a l s k i l l s . The measurement 
i n c i d e n t a l l y provides r e s p i r a b l e f r a c t i o n s . Recent t rend in def in ing TLV*̂  
(Threshold Limit va lues ) for S i l i c a and such o t h e r p a r t i c u l a t e s , i s to def ine 
TLV i n terms of t h e r e s p i r a b l e f r a c t i o n s . The method has a much wider 
a p p l i c a t i o n s . 
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DOSB COUMITMSHT TO TH£ LONG FROM INHALATION 
OF BADIOCOBAXir IN POWER REACTOR OPERATIONS 

P.Kotrappa, S.D.SoiDan &B.Baghunath 
Health ^ysics Division 

Bhabha Atomic Besearch Centre 
Bombay.400085» India 

Abstract 

Personnel working in the operational and mainteoance areas of Tarapur 
Atomic Power Plant (BWR Type) have shown detectable amounts of ÔCo in their 
systea, notably in the lung area. I«irge number of gross and respirable a ir 
samples taken in the working areas provided the air activity levels of ^̂ Co 
and also the aerosol parameter, act iv i ty msdian aerodynamic diameter (AMAD). 
These data In conjunction with the long term clearance hal f - l i fe available In 
l iterature are used to compute the quantity of ^Co in lungs at any time due 
to chronic Irflialatlon. Parameters of the new ICRP lung model are used in the 
computation* Radiation dose commitment to the lung due to the retained °0QO 
i s computed. 

Introduction 

Personnel working in Tarapur Atomic Power Plant, a 400 IHe BVR Type 
Power Reactor, bave shown detectable amount of ^̂ Co In their system, notably 
in chest area'*^. Air samples collected in the working environment also 
Indicated that the major portion of the long lived component is due to °%o. 
Chest clearance studies bave shown that ^̂ Co behaves like' a class Y zadlo-
nucllde as defined by the ICRP Task Groi;̂  on Lvuig D!ynamlc83. Airborne 
concentz«tlon and the particle size parameter, activity median aerodynamic 
diameter (AMAD) provide the data to calculate both the material and dose 
commitments to the lung^. 

Airborne Badiocobait 

The gaoiaa spectra of air samples collected shows predominantly °^Co, 
?*Mn and ^''Cf* Nearly 80 to 90j6 of the entire airborne activity Is found 
to be due to ^̂ Co comlqg l a a ir , probably as Insoluble cobcdt oxide aerosol* 
Origin of this activation product i s traced to the material of the piston 
( s t e l l i t e ) used In the water circulating pumps. It has been reported^ that 
durli:^ July 1970^ July 1971, 182 cases were detected with chest burdens l e s s 
than 10 nCi and 8 oases with chest burdens more than 10 nCi within a year of 
the operation of the TAPP. 

Clearance of ^̂ Co from lungs has been studied by several investigators. 
Most of these studies relate to accidental inhalation of ^OQQ oxide and a few 
relate to the occupational exposure in reactors and hot cel l areas. Table-I 
gives the results of these studies. It Is seen that effective clearance half-
l i f e varies considerably, 500 to 1000 days may be taken as loi^ term 
effective clearance h a l f - l i f e . It la typically a class Y radionuclide as 
per the classif ication of the IGBP Task Group on Lung Dyi£uailcs3. Using this 
data In conjunction with the rate of Inhalation and the particle s ize 
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parameter(AMAD), i t i s possible to calculate the lung burden and dose 
commitment to the lungs making use of the equations given by Kotxappa^. 

Table-I 

LonK Term Clearance Half-Life for ÔCo from Chest Area 

Reference ^feot ive Half-life 
(days) 

S i n ^ et a l , (1964) 172 to 700 

Eundo^et a l , (1966) 90*j 720** 

ICBP -̂10 (1968) 115 - 400 

40 -1000 

Bdvardsson®(l970) 180 

Newton and Rundo^(l97l) 935j U60j 1210; 
400{ 750 

Gupton aid Brown °(1972) 225 

*Slngle exposure ** Multiple exposure 

Measurement of Airborne Concentration and AMAD 

Technique of measuring the particle size parameter,AMAD, using a 
cyclone has been described in greater detail by KotrappaS et a l . In brief, i t 
consists of measuring the respirable fraction of the activity which simply i s 
the fraction of the act ivity penetrating the cyclone at a proper flow rate. 
Making use of a graph between the fractional penetration and AMAD,correspond
ing AMAD can be read out. Sampling arrangement consists of taking two 
simultaneous a ir samples In close proximity to each other. One sample Is 
noimal a i r sample through a f i l t e r paper and another i s through a f i l t e r 
paper following the cyclone. Batlo of the act iv i t i es of the la t t er to the 
former provides respirable fraction or the fraction penetrating the cyclone 
at a proper flow rate. Samples are counted in 512 channel gamma spectrometer, 
and the ratio of the peak coiuits are used for calculating the respirable 
fractions. Absolute act iv i t ies of ^̂ Co on these papers are also determined 
by standard calibration techniques. 

Results of Measurements 

Table-II gives a summary of the measurements carried out in different 
areas of TAPP. Bad waste conveyor area and Bad waste air receiver area are 
normally restricted. These areas show high airborne conoentzation, at times 
more than the presently adopted naziaum permissible conoentzation of 
10000 pCi/ffl3. Areas at 103 and 125 feet are the operating areas from where 
the operators control the rod movements. 200 feet level area i s generally 
an operating area. Fuel pond Is located here and general maintenance Is 
carried out in this area. High airborne ac t iv i t i e s are observed oziLy during 
special maintenance works. AMAD of 4/am can be taken to represent an average 
value for a l l the areas of TAPP. 

Computation of Lung Commitments 

Method of calculating the burden and dose to different respiratory 
compartments from continuous Inhalation of a radioactive aerosol, makli^ use 
of the proposed IGBP lung model has been described In detail elsewhere^. 
Flg«1 gives the computed burdens In pulmonary region and in lymph node 
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regions after chronic Inhalation, These are general curves for the inhalation 
rate of 1 pCi/day, for an aerosol of 1 ABB (AMAD), TO obtain results for ÔQO 
for an aerosol of 4 /im(AMAD), retention should be multiplied by 0 .5 . Fig.2 
gives the Int^rated dose commitments. Again these are general curves. To 
obtain results for ^Ogo one has to multiply the doses by 0.36 (0,5, correction 
for AMAD of 4 m̂i and 0,72, correction for effective energy). A few examples 
of. such computations for two different effective half- l ives are given in 
Table-Ill , 

Table-II 
Activity and particle size data in various areas of TAPP 

RANGE OF VALUES 
Area No. of 60 Co(pCiym3) Per cent 

Median 

samples Total Respirable respirable (jtmi) 

37-69 2.3-5,2 3.9 1.23 Bad Waste 10 575-175463 245-84388 
Air receiver 
room 
Bad Waste 10 344-188826 132-39299 
conveyor 
area 
103 & 125 f t 8 25-3062 19-908 
elevations 
including 
interior of 
Dry well 
200 f t . 14 33-3921 23-1371 
elevation 

11-74 2.05-10.0 4.7 1*74 

30-76 2*0-6.2 3*8 1*42 

33-93 1.3-5.8 3*7 1.43 

Table-Ill 
Cumulative Retention and Dose for Continuotts Iiifaalatlon 
of 4 Aun(AMAD)Aero80ls at the rate of 1 pCl/day. 

Inhalation Betentlon In Betentlon In 
Time PuLmonary region lymph region 
(days) (pCi) (pel) 

Dose to Pulmonary Dose to 
region lormph Beglon 
(mrems) (mrems) 

Effective Half- l i fe » 500 days 

100 
500 

1000 
5000 

10000 

100 
500 

1000 
5000 

10000 

7*1 
27*1 
40*7 
54 .0 
54*0 

7*3 
31.8 
54 .0 

105*0 
108.0 

0*13 
2*57 
8 .30 

73*5 
158*0 

0.03 
0.55 
1.73 

17*0 
24*8 

E f fec t ive H a l f - l i f e « 1000 days 
0*064 
1*44 
5.2 

63*0 
148.0 

0.03 
0.62 
2.24 

28,6 
66.0 

0.01 
1.10 
7.55 

400.0 
1820.0 

0.005 
0.610 
4.45 

322.0 
1610.0 
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Computation for Typical Inhalation Case(Pulmonary Beglon) 

It i s seen that the concentration of ^̂ Co i s of the order of 200 
pCi/ffi3 in continuously occupied operating areas such as 200 feet l eve l . 
During a working day a standard man Inhales 10 m3 and therefore daily intake 
i s about 2000 pCi/day. From Table-Il l , the retention after 500 days in 
pulmonary region wi l l be (27.1 pCl x 2000) of the order of 54 nCl.Saturation 
burden (after 5000 days) wil l be of the order of 108 nCi, Therefore i t i s not 
surprising to find lung burdens of the order of 50 nCl, i f they work for 500 
days in the atmosphere that has airborne concentration of 200 pCi/m^. Corres
ponding dose to pulmonary region wil l be 1.10 rem in 500 days. At saturation 
(that i s after 5000 days), there wil l be a steady dose rate of /"(24.8-17.0) 
X 2000/5000_7 3.1 mrem/day, which i s about 6$S of the daily allowed dose of 
50 zDren̂ day for Ivuags. Probably 10^ of the allowed exposure to a person 
should be kept aside to take care of the internal exposure due to °̂ Co even 
at saturation. 

Computation for Lymph Node Begion 

Calculations can be made for lynqih node regions on the same l ine as is 
done for pulmonary region. Currently used lung model3 assumes that 70^ of the 
material reachlr^ the lymph node region i s retained permanently and only 10^ 
undergoes biological elimination. Becently Moz;gan̂ l has stated that experi
mental data supports the view that 90^ undergoes biological elimination with 
a 1000 days hal f - l i fe and only 10^ undergoes permanent retention. Further 
Morgan states that for calculating the doses to lymph nodes, controversy 
s t i l l exists whether one should use the mass of pulmonary lymph nodes or 
whether one should use the entire mass of circulating lymphocytes. He states 
again that lymph node t issue i s known to be highly radiation resistant and 
the tissue i s not l ike ly to be a cri t ical oi^an. Based on these facts , 
calculations made on the basis of the currently used lung model̂  may not be 
right. Pulmonary exposures would be controlll% the hazard. Therefore we have 
not attempted to calculate the results for typical inhalation case and to draw 
any conclusion regarding the dose commitments. 

Conclusion 

Detectable amount of 60(;o ĵ g expected in the lungs of the workers In 
operational areas of TAPP. Probabljf 10^ of the annual allowed dose should be 
l e f t as the dose commitments for these workers due to Inhalation of ^̂ Co alone. 
Routine chest monitoring progranmie i s essent ial . It Is recommended that further 
investigation be done to see whether this problem can be eliminated once for 
a l l by stopping the source of cobalt. 
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A METHOD FOR DETERMINING THE DISSOLUTION CHARACTERISTICS 

OF ACCIDENTALLY RELEASED RADIOACTIVE AEROSOLS'" 

G. M, Kanapilly, O. G. Raabe and H. A. Boyd 

Lovelace Foundation for Medical Education and Research 
Albuquerque, Nev/ Mexico 87108 

Abs t rac t 

Ear ly a s se s smen t of the dissolution cha rac te r i s t i c s of radioactive a e r o 
sol par t ic les involved in inhalation accidents is important for hazard evalua
tion and selection of proper therapeutic p rocedures . Since accidentally 
produced aerosols a re usually of undetermined physicochemical p roper t ies , 
predict ion of their dissolution cha rac t e r i s t i c s is difficult. Therefore, a rapid 
exper imental evaluation of their dissolution behavior is des i rable . An in vi tro 
method is descr ibed which provides both ear ly and long- term measurements 
of dissolution behavior of aerosol samples in a parallel-flow system which 
s imulates in vivo dissolution as in the lung after inhalation deposition. Health 
physics appTications of dissolution data a re discussed. 

Introduction 

The biological hazards of an inhaled radioactive nnaterial depend upon 
the kinetics of deposition, retention, distr ibution and absorption of the in
spired aeroso l . The dissolution pat tern of the aeroso l par t ic les is especially 
important in determining the retention and absorption from the site of deposi
tion. Also, for est imations of lung burdens of radionuclides by urine analysis, 
in vivo dissolution r a t e s of the lung-deposited aeroso l par t ic les a re impor -
tant. J-j 2 Fur the r , the effectiveness of chelation therapy for inhaled actinide 
and lanthanide nuclides will depend on the degree of solubility of the aerosol .3 

The in vivo dissolution behavior of an accidentally re leased aerosol may 
not be readily predicted because its physicochemical nature may be unknown 
and because the in vivo dissolution is a highly complex process . '* ' -' Due to 
par t ic le size effect alone, r a t e s of dissolution of inhaled radioactive aerosol 
par t ic les may vary severa l o rde r s of magnitude. Fur ther , the chemical 
forms of the aerosol may great ly influence its ra te of dissolution. Therefore, 
rapid exper imental evaluation of the dissolution charac te r i s t i c s of radioactive 
aerosols involved in accidental inhalation is highly des i rable . In vitro d i s so
lution ra tes of aeroso l par t i c les comparable to in vivo ra tes of~3!issolution 
may be measu red experimental ly with flowing soTvents,'* In this repor t a p a r 
allel-flow system is descr ibed w^hich provides both ear ly and long-term m e a s 
urement of in vi t ro r a t e s of dissolution of ae roso l samples . The resu l t s of in 
vitro dissolution exper iments on a var ie ty of tes t ae roso ls , and health physics 
application of in vi tro r a t e s of dissolution a re discussed. 

Mater ia ls and Methods 

After measu remen t of the radioactivity of samples of aerosol par t ic les 
collected on f i l ters , the f i l ters were sandwiched between two 47 mm diameter 
100 mfj-m pore size cellulose acetate membrane f i l ters and held together 

-* Research performed under AEC Contract AT ( 29-2)-1013, 
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tightly with plast ic holders for elution 
with a flow^ing solvent, a simulant of 
biological fluid. 4 The experimental 
a r rangement -with a c r o s s sectional 
view of the filter holder is shown in 
Fig . 1. Two cavit ies were formed 
when the filter v/as placed in this 
holder. The solvent passed into the 
lower cavity (0. 6 ml) and eluted any 
dissolved ma te r i a l diffusing into this 
region from the fil ter. Tests with 
colored compounds showed that the 
upper static layer of "solution" (0 .2 
ml) could be eluted out within a few 
hours . Thus, in this system the d i s 
solution and removal of dissolved 
ma te r i a l from the aerosol par t ic les 
occur red by the indirect contact of a 
flowing solvent through f i l ters . One 
can envision a general analogy b e 
tween this dissolution system and the 
dissolution of par t ic les and t ranspor t 
of the dissolved ma te r i a l from the 
pulmonary region to the blood capi l 
l a r i e s . 

The solvent from a large r e s 
ervoi r (20 1) was introduced into the 
secondary r e s e r v o i r (200 ml) at 1 
m l / m i n by gravity flow^ and controlf 
led with a valve. The secondary r e s 
ervoi r , the filter holder and the 
associa ted tubing, all non-corrosive 
p las t ics , were immersed in water 
bath at 37°C. The secondary r e s e r 
voir allowed tempera ture equi l ibra
tion and served as a bubble t rap. The 
filter holder was placed in the bath 
at an angle to prevent reduction in 
solvent flow rate by gas bubbles. 
Aliquots of eluates on planchets Avere 
counted with a low-background p r o 
portional counter for beta emi t t e r s 
and alpha ennitters were counted with a uquia scmriiiation counter using 
Aquasol. Low levels of plutonium were analyzed by alpha spectroscopy. 
Fract ional dissolutions were calculated for each period of observation as the 
fraction of activity remaining on the filter dissolved during that period. After 
each dissolution, the activity remaining on the sample was also determined. 

The solvent was prepared with the composition s imi lar to that of blood 
serum by dissolving analytical grade chemicals in disti l led water (Table 1). 
The basis for the choice of this composition for the solvent was discussed 
ea r l i e r . 4 An ant ibacter ial agent, 50 ppm of alkyl benzyl dimethyl ammonium 
chloride was also used in this solvent. In some studies a strong chelating 
agent, ei ther ethylenediaminetetraacetic acid (EDTA) or diethylenetr iamine-
pentaacetic acid (DTPA) , was also added to the solvents. The pH of the so l 
vent was kept at 7. 3 to 7. 4 by equilibrating w îth 5% CO^ in N2 contained in a 
weather balloon (Fig . 1). In this study all experiments were done with a sol
vent flow ra te of 1 m l / m i n and tempera ture of 37°C. 

Solvent Refill Inlet 

CROSS SECTION 
of Dissolution 

Chomber 
i 0-Ring ip 

Solvent 
Out 

Filter Sandwich 

Collecting Bottle 

Figure 1. Schematic of parallel-f low 
dissolution system and filter holder 
assembly . 

Table 1 

Prepara t ion of Serum Simulant for In Vitro Elutions 

Chemical Compound 

NaCl 

NH4CI 

NaHC03 

NaH2P04 

Na3 Citrate 

Glycine 

L-Cysteine 

H2SO4 

CaCl2 

m moles / l i t e r 

116 

10 

27 

1 

0. 

5 

1 

0 

0 

2 

2 

0 

0 

5 

2 
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The m e t h o d s of p r o d u c t i o n and c h a r a c t e r i z a t i o n of p o l y d i s p e r s e a e r o s o l s 
of "^^Zr-^Sisfb l a b e l e d z i r c o n i u m o x a l a t e , c a r b o n a t e and dioxide and 9 0 s r in 
fused m o n t m o r i l l o n i t e c l a y have b e e n d e s c r i b e d e a r l i e r . ° S a m p l e s of m o n o -
d i s p e r s e p a r t i c l e s of 238pu.02 ^'^^ 2 3 9 P u 0 2 w e r e p r e p a r e d unde r i den t i ca l 
cond i t ions wi th 1100°C h e a t t r e a t m e n t by the m e t h o d d e s c r i b e d by K o t r a p p a e t 
a l . ^ To d e m o n s t r a t e the u s e f u l n e s s of in v i t r o d i s s o l u t i o n s t u d i e s , a f i l t e r 
s a m p l e con ta in ing a 239Pu a e r o s o l a c c i d e n t a l l y r e l e a s e d a t a n o t h e r l a b o r a t o r y 
and invo lved in a h u m a n e x p o s u r e w a s a l s o u s e d in th i s s tudy. 

R e s u l t s and D i s c u s s i o n 

In v i t r o r a t e s of d i s s o l u t i o n of ^Ogj. fused c l a y and 952r-95]vjb l a b e l e d 
a e r o s o T p a r t i c l e s ( z i r c o n i u m o x a l a t e , z i r c o n i u m c a r b o n a t e and z i r c o n i u m d i 
oxide) w e r e found c o m p a r a b l e to the c o r r e s p o n d i n g d i s s o l u t i o n in the lungs of 
a n i m a l s . 4 The d i s s o l u t i o n s in the f r a c t i o n s c o l l e c t e d du r ing the f i r s t two 
m i n u t e s w e r e 8 5 % , 0 . 2 % and 0. l%i, r e s p e c t i v e l y , f o r the o x a l a t e , c a r b o n a t e 
a n d d ioxide a e r o s o l s . Both the dioxide and c a r b o n a t e p a r t i c l e s w e r e c o m p a r a 
t ive ly i n s o l u b l e ; only 0. 6% and 2%), r e s p e c t i v e l y , d i s s o l v e d du r ing 150 m i n u t e s . 
The oxa l a t e p a r t i c l e s d i s s o l v e d 93%; d u r i n g 100 m i n u t e s . The f r a c t i o n a l d i s 
so lu t ion of 9 0 s r in fused c l ay p a r t i c l e s d u r i n g the 5th to 11th day of con t inuous 
e lu t ion w a s a r e l a t i v e l y c o n s t a n t va lue of ( 1 . 3 ± 0. 1 S. D. ) x 10-3 p e r day. ^ 
The in v i t r o r a t e c o n s t a n t o f d i s s o l u t i o n of ' ^ S r - f u s e d c l a y p a r t i c l e s w a s about 
3 . 3 xTO-ts gt c m - 2 . d a y - l . Good a g r e e m e n t be tween the in v i t r o r a t e s of d i s 
so lu t ion of m o n o d i s p e r s e •'•̂  ' C s - f u s e d c l a y p a r t i c l e s in Beag le dog l u n g s , 
a f te r i n h a l a t i o n d e p o s i t i o n , h a s a l s o been o b s e r v e d . ° 

The d i s s o l u t i o n of m o n o d i s p e r s e (ag*- l . 2) P u 0 2 a e r o s o l s of both 
2 3 9 p u 0 2 and 2 3 8 p u 0 2 (80% 2 3 8 p u + 2 0 % 239Pu) w a s s tud ied for 3 to 4 w e e k s 
( F i g . 2 ) , S e r u m s i m u l a n t con t a in ing 2 x 10-4 M E D T A w a s u sed a s the s o l 
ven t for the s tudy with 0. 36 |jLm 2 3 8 p u 0 2 and du r ing the l a t e r p a r t s of the 
2 3 9 P u 0 2 s tudy . The P u 0 2 a e r o s o l p a r t i c l e s ( d e n s i t y , p as 7 g . c m - 3 ) w e r e 
r e l a t i v e l y i n s o l u b l e . The a v e r a g e d i s s o l u t i o n r a t e s of P u 0 2 and o t h e r p e r t i 
nen t da t a a r e s u m m a r i z e d in T a b l e 2. If the r a t e of d i s s o l u t i o n of a p a r t i c l e 
i s p r o p o r t i o n a l to i t s s u r f a c e a r e a , for s p h e r i c a l p a r t i c l e s the r a t e c o n s t a n t 
k = p Df/6 when D i s the d i a m e t e r of the p a r t i c l e and f i s the f r a c t i o n a l d i s s o 
lu t ion p e r un i t t i m e . 4 The d i m e n s i o n s of k a r e g. c m . -2 day-l- when the un i t s 
of p , D and f a r e g . c m " 3 , c m and f r a c t i o n p e r d a y , r e s p e c t i v e l y . 

Dur ing the f i r s t day , abou t 3%t, of 2 3 8 p ^ o 2 ( D = 0. 36 fim) w a s d i s s o l v e d 
in s e r u m s i m u l a n t con ta in ing EDTA and h i g h e r d i s s o l u t i o n of th i s s a m p l e . 

SERUM S1MULANT+ EDTA 

I, D>0.66|.(n 

SERUM SIMULANT V̂^ PuCL D'OMftm 

ELAPSED DAYS 

F i g u r e 2, D i s s o l u t i o n da ta h i s t o g r a m for m o n o d i s p e r s e 
p a r t i c l e s of 2 3 8 p u 0 2 a-̂ "̂  ^ 3 9 p u 0 2 a s d e t e r m i n e d in a 
p a r a l l e l - f l o w d i s s o l u t i o n s y s t e m . 
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Table 2 

Summary of Dissolution of PUO2 Dissolution at 37"C 

Sample 
' F o r m 

" ^ P u G , 

" « P u O , 

" » P u O , 

Original 
sample 
activity 

t.Ci 

6.8 

4 . 6 

4 . 9 

Physical 
d iamete r , D 

^ ^ T 

0.66 

0.66 

0. 36 

Solvent 

Serum Simulant 
and Serum Simulant 

+ EDTA 

Serum Simulant 

Serum Simulant 
+ EDTA 

Span of s 
Days 

0 to 20 

0 to 28 

1 to 28 

u d y 

( 8 

( 9 

( 7 

Ave 
frac 

diss 
P e r 

5 ± 3 

7 ± 5 

1 ± 3 

rage 
tion 

olved 
Day 

4) X 

2 ) X 

0 ) X 

10 

10 

10 

-7 

-5 

-4 

Dissolution ra te 
constant, k 

g. cm"2 . day~^ 

( 6 

( 7 

( 4 

5 ± 2 

5 ± 4 

1 ± 1 

6) X 

0 ) x 

7) X 

10-^1 

10-9 

io-« 

c o n a p a r e d to t ha t of 0. 66 |jLm 2 3 8 p u 0 2 p a r t i c l e s in s e r u m s i m u l a n t , p e r s i s t e d . 
I n c r e a s e d d i s s o l u t i o n of 2 3 8 p u 0 2 ^^® ^° *^® p r e s e n c e of E D T A i s i n d i c a t e d by 
the h i g h e r r a t e c o n s t a n t ( T a b l e 2 ) . The p r e s e n c e of E D T A in the so lven t did 

• • a s e the r a t e of d i s s o l u t i o n of 2 3 9 P u 0 2 p a r t i c l e s . I t i s c l e a r l y shown 
'•^"PuOo p a r t i c l e s a r e m u c h m o r e so lub le than 2 3 9 p u 0 2 p a r t i c l e s . 

no t i n c r e , 
tha t the ^ 

G e n e r a l l y the in v ivo d i s s o l u t i o n of P u 0 2 i s c o n s i d e r e d to be e x t r e m e l y 
s m a l l . 9 - 1 1 H i g h e r a b s o r p t i o n of 2 3 8 p u c o m p a r e d to 2 3 9 p u f r o m the lungs of 
B e a g l e dogs to the s y s t e m i c b u r d e n , a f t e r i n h a l a t i o n d e p o s i t i o n of 2 3 8 p u 0 2 
a n d ^ 3 9 p u 0 2 . h a s a l s o b e e n r e p o r t e d . •'•̂  I ne f f ec t iveness of c h e l a t e s to e n 
h a n c e 2 3 9 p u r e m o v a l f r o m ^ 3 9 p u 0 2 p a r t i c l e s h a s a l s o b e e n o b s e r v e d in 
D T P A c h e l a t i o n t h e r a p y t r e a t m e n t s . 3 , 11 T h e s e in v ivo o b s e r v a t i o n s a r e in 
q u a l i t a t i v e a g r e e m e n t wi th the in v i t r o s t u d i e s . I n c r e a s e d in v i t r o d i s s o l u t i o n 
of ^^^PxiO^ in the p r e s e n c e of E b T A s u g g e s t s the u s e f u l n e s s of c h e l a t i o n 
t h e r a p y in 2 3 8 p u 0 2 i n h a l a t i o n e x p o s u r e . 

Two d i s s o l u t i o n e x p e r i m e n t s wi th an a c c i d e n t a l l y r e l e a s e d " P u a e r o 
so l s a m p l e ( 9 7 . 5%P ^ 3 9 p u ^nd 2. 5% 241j\j-n) ^ one wi th s e r u m s i m u l a n t 
( 1. 7 |J.Ci) and a n o t h e r ( 1 . 2 |j.Ci) wi th s e r u m s i m u l a n t con ta in ing 1 x 10-3 
M D T P A w e r e c o n d u c t e d . The d i s s o l u t i o n e x p e r i m e n t wi th s e r u m s i m u l a n t a s 
the s o l v e n t c o n s i s t e d of 8 d a y s of con t inuous e lu t ion and t h e n e lu t i on wi th s e 
r u m s i m u l a n t con ta in ing 1 x 10-3 M 
D T P A for an a d d i t i o n a l four d a y s . The 
e a r l y d i s s o l u t i o n d a t a ob ta ined f r o m 
t h e s e s t u d i e s , d u r i n g the f i r s t five 
h o u r s , a r e shown in F i g . 3 , The da t a 
ob t a ined d u r i n g the e n t i r e d i s s o l u t i o n 
e x p e r i m e n t a r e s u m m a r i z e d in F i g . 4 . 
H i g h e r r a t e s of d i s s o l u t i o n in s e r u m 
s i m u l a n t con ta in ing D T P A , c o m p a r e d 
to t h a t in s e r u m s i m u l a n t a l o n e , w e r e 
s e e n b e t w e e n 2 h o u r s and up to abou t 
5 d a y s of e l a p s e d t i m e . When the 
Scimple e l u t e d wi th s e r u m s i m u l a n t 
w a s s u b s e q u e n t l y e l u t e d wi th s e r u m 
s i m u l a n t con ta in ing D T P A , i n c r e a s e d 
r a t e s of d i s s o l u t i o n w e r e o b s e r v e d . 
The t o t a l d i s s o l u t i o n s w e r e 29 , 0% in 
s e r u m s i m u l a n t con ta in ing D T P A 
d u r i n g 7 d a y s and 3 1 . 5%, f r o m the 
s e c o n d s a m p l e du r ing 12 d a y s . The 
d i s s o l u t i o n in s e r u m s i m u l a n t d u r i n g 
the f i r s t 8 d a y s w a s 17, 9% and in 
s e r u m s i m u l a n t con ta in ing D T P A , 
d u r i n g the n e x t 4 d a y s , 13. 6%o. Abou t 
30%) of the s a m p l e w a s in a r e l a t i v e l y 
so lub le f o r m and exh ib i t ed h i g h e r 
d i s s o l u t i o n in the p r e s e n c e of D T P A . 

r O ^ 

-S«rum Siinulont 

-Strum SintulQflt 
tDTPA 

I—o— 

1 . 
100 200 

ELAPSED MINUTES 

F i g u r e 3 . E a r l y d i s s o l u t i o n da ta 
h i s t o g r a m of a n a c c i d e n t a l 2 3 9 p u 
a e r o s o l s a m p l e a s d e t e r m i n e d in 
a p a r a l l e l - f l o w d i s s o l u t i o n s y s t e m 
wi th s e r u m s i m u l a n t and s e r u m 
s i m u l a n t con ta in ing D T P A . 
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The u s e f u l n e s s of in v i t r o d i s 
so lu t ion s t u d i e s on a c c i d e n t a l l y r e -
l e a s e d a e r o s o l s m a y be i l l u s t r a t e d 
wi th the da t a p r e s e n t e d . The a e r o s o l 
w a s or ig ' ina l ly c o n s i d e r e d to be of i n 
so lub le ^ 3 9 p u 0 2 . -^^ ind iv idua l •who 
i n s p i r e d t h i s a e r o s o l h a d a n e s t i m a t 
ed lung b u r d e n of about 450 nCi of 
2 3 9 p u and u n d e r w e n t t r e a t m e n t s c o n 
s i s t i n g of b r o n c h o p u l m o n a r y l a v a g e 
and D T P A t h e r a p y beg inn ing on the 
e igh th day a f t e r e x p o s u r e . ^^' •'•4 The 
u r i n a r y e x c r e t i o n on the s even th day 
w a s m e a s u r e d a s 0. 112 n C i . The in 
v i t r o d i s s o l u t i o n da ta for the a e r o s o l 
s a m p l e m a y be u s e d to e s t i m a t e the 
i n i t i a l lung b u r d e n ( a f t e r the f i r s t 
p h a s e c l e a r a n c e ) , Qg, by H e a l y ' s 
m e t h o d . ^ U r i n a r y e x c r e t i o n , E^^, a t 
the Rth day a f t e r i nha l a t ion d e p o s i -

SeRUM SIMULANT 

t ion IS g iven a s : .1 

R 
= 0 . 0 0 2 \ Q 

s o I -Xt (R- t ) • 0 , 7 4 dt 

ELAPSED DAYS 

F i g u r e 4, D i s so lu t ion da ta h i s t o g r a m 
of an a c c i d e n t a l ^ 3 9 p u a e r o s o l s a m p l e 
d u r i n g s e v e r a l d a y s a s d e t e r m i n e d in 
a p a r a l l e l - f l o w d i s s o l u t i o n s y s t e m . 
The s o l v e n t s u s e d a r e ind ica ted in the 
f i g u r e . 

w i th t the t i m e in days a f t e r i nha l a t ion d e p o s i t i o n , \g the da i ly f r a c t i o n a l r a t e 
of d i s s o l u t i o n and t r a n s f e r to the blood ( a s s u m e d c o n s t a n t by H e a l y ) , and A., 
the t o t a l da i ly f r a c t i o n a l r e m o v a l r a t e f r o m l o w e r r e s p i r a t o r y t r a c t due to 
both d i s s o l u t i o n , A.g, and c i l i a r y c l e a r a n c e , XQ. The in v i t r o f r a c t i o n a l d i s s o 
lu t ion of the a e r o s o l s a m p l e in s e r u m s i m u l a n t va r i e3~f rom 5 .2 x 10-2 to 
4 . 5 X 10"3 p e r day ( F i g , 4 ) . H o w e v e r , the t o t a l d i s s o l u t i o n d u r i n g the f i r s t 
7 d a y s w a s 17. 1%; wi th an a v e r a g e f r a c t i o n a l d i s s o l u t i o n of 2 . 4 4 x 10"^ p e r 
day , ^ T h i s va lue m a y be u s e d a s \ g in the H e a l y equa t ion . The n u m e r i c a l 
v a l u e s for the i n t e g r a l rR-e-^t ( R _ t ) - 0 . 74^t when R = 7, a r e r e l a t i v e l y i n s e n 
s i t ive to X v a l u e s ; t h e s e v a l u e s a r e 5 . 5 8 and 4 . 8 6 for X of 2 , 4 4 x 1 0 " 2 / d a y 
(X=Xg) and 5 . 0 x 10~2/day {X ~ 2Xs)> r e s p e c t i v e l y , 2 A l s o , a f te r the r a p i d 
c l e a r a n c e p h a s e , the c i l i a r y c l e a r a n c e r a t e f r o m the p u l m o n a r y r e g i o n , i s 
r e l a t i v e l y s low, < 8 x 10-3 p e r day . ^^ If >L=\S = 2 . 4 4 X 1 0 - 2 / d a y then Q = 
0. 1 1 2 / 0 . 0 0 2 x 2 . 4 4 X IQ-^ x 5 .58 = 411 n C i , S i m i l a r l y if X = 5. 0 x 10-2 then 
Qr 472 n C i . T h e s e v a l u e s a r e in g e n e r a l a g r e e m e n t with the e s t i m a t e of 
Q Q , 450 nCi ob ta ined by whole body coun t ing , 13 

C o n c l u s i o n s and R e c o m m e n d a t i o n s 

When h u m a n e x p o s u r e to an a c c i d e n t a l a e r o s o l i s invo lved , an in v i t r o 
d i s s o l u t i o n s tudy should be done on a r e p r e s e n t a t i v e s a m p l e c o l l e c t e d on a f i l -
t e r a s soon a s p r a c t i c a b l e . If s i ze s e l e c t i v e s a m p l i n g i s ava i l ab l e only the 
r e s p i r a b l e s i z e p a r t i c l e s should be u s e d in the in v i t r o d i s s o l u t i o n . G l a s s f i 
b e r f i l t e r s for the c o l l e c t i o n of the a e r o s o l sarnple shoulci be avo ided , b e c a u s e 
the e lu t ion of po lyva l en t n u c l i d e s f r o m th i s type of f i l t e r i s l e s s than q u a n t i t a 
t i v e . F o r r a p i d so lub i l i ty r a n g e f inding, h o w e v e r , any f i l t e r s a m p l e c o n t a i n 
ing a known a c t i v i t y of the a c c i d e n t a l a e r o s o l m a y be u s e d . The m e t h o d of 
cho ice for the d e t e r m i n a t i o n of in v i t r o d i s s o l u t i o n i s cont inuous e lu t ion wi th 
the p a r a l l e l flow s y s t e m ( F i g . r j w i t h s e r u m s i m u l a n t , 37°C , at a flow r a t e 
of 1 m l / m i n . D i r e c t a s s a y i n g of e lu t ed r a d i o a c t i v i t y dur ing the f i r s t hour of 
e lu t ion should i n d i c a t e the r a n g e of so lub i l i t y of the a e r o s o l . If s igni f icant 
f r a c t i o n a l d i s s o l u t i o n i s shown, D T P A t r e a t m e n t of e x p o s e d ind iv idua l s naay 
be u se fu l . In v i t r o d i s s o l u t i o n s t u d i e s of the a e r o s o l s a m p l e wi th DTPA added 
to the s e r u m s i m u l a n t m a y p r o v i d e usefu l add i t i ona l i n f o r m a t i o n on the e f f ica
cy of D T P A t h e r a p y . The r a t e s of d i s s o l u t i o n of a r e l a t i v e l y in so lub le aer-osol 
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should be d e t e r m i n e d for l o n g e r p e r i o d s , s e v e r a l w e e k s , so t ha t r e l a t i v e l y 
c o n s t a n t f r a c t i o n a l d i s s o l u t i o n m a y be ob ta ined . Such da ta then m a y be u s e d 
for the e v a l u a t i o n of b io log i ca l d i s p o s i t i o n of the inha led m a t e r i a l and for the 
e s t i m a t i o n of lung b u r d e n f r o m u r i n e and blood r a d i o a c t i v i t y l e v e l s . •'• 

A c k n o w l e d g e m e n t s - The a u t h o r s a r e i n d e b t e d to D r s . R. O. M c C l e l l a n , R. G. 
T h o m a s , B . B, B o e c k e r , R G. Cuddihy and J . A . Mewhinney for t h e i r s u g 
g e s t i o n s ; to M r s . P . K. P e t e r s o n , M r . R. K. L a t v e n and M r . J . J . Mig l io 
for t e c h n i c a l a s s i s t a n c e ; to M r . F . C. R u p p r e c h t for e d i t o r i a l a s s i s t a n c e and 
to M r . E . E . Goff for p r e p a r a t i o n of the i l l u s t r a t i o n s . 
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BIOLOGICAL MODELING FOR PREDICTING RETENTION 
PATTERNS OF INHALED CONTAMINANTS* 

R. G. Cuddihy, W. C. Griffith and B. B. Boecker 

Lovelace Foundation for Medical Education and Research 
Albuquerque, New Mexico 87108 

Abs t rac t 

Biomathematical models w^ere developed for simulating the t issue d i s t r i 
bution and c learance of inhaled Ba and Ce aeroso ls in Beagle dogs. Incorpo
rating physical size cha rac te r i s t i c s of pa r t i c les for predicting deposition and 
chemical solubility for est imating systemic absorption, application of these 
models was studied over a broad range of ae roso l forms. The resu l t s i l lus 
t ra te the importance of determining these aeroso l charac te r i s t i c s to aid in 
developing well founded predictions for its biological behavior. P rocedures 
developed to date w^ere more rel iable in describing Ba metabolism and i l lus 
t ra te the m o r e complex biochemical nature of Ce retention. 

Introduction 

Retention of inhaled part iculate ma te r i a l after deposition in the r e s p i r a 
tory t r ac t is of vital in te res t to those concerned with radiation protection in 
nuclear industr ies and those concerned with other a reas of industr ial and en
vironmental health. Inhaled par t ic les a re retained for minutes to hundreds of 
days depending upon physical s ize , chemical composition, solubility and r e 
sp i ra tory pat terns during inhalation. Inhalation exposures of humans to toxic 
ma te r i a l s may resu l t from single acute, in termit tent or chronic environmen
tal contamination at re lat ively constant or highly variable air concentrat ions. 
All of these factors profoundly influence the doses received by the resp i ra to ry 
t r ac t and other organs . Thus, some rapid accounting system which uses 
physical , chemical and biological factors is necessa ry for managing inhalation 
exposure data to provide t ime integrated t issue dosimetry information. 

Dosimetry problems a re simplified when whole body or t issue accumula
tions of the toxic ina ter ia ls can be m e a s u r e d with confidence. Whole-body 
counting and isotope distribution scanning after inhalations of radioactive m a 
te r ia l s with relat ively high energy gamina or beta emissions a re routine, 
however, difficulties a r i se when nonradioactive or very weak beta-gamma or 
alpha ennitting isotopes a r e inhaled. Then, the only cer ta in information which 
can be easi ly obtained re la tes to the a i r concentration, general chemical form 
of the aerosol and mate r i a l recovered in excre ta . All data can add to the 
evaluation of possible consequences of an exposure if a versa t i le framework 
is developed for relat ing information. One method is the use of mathematical 
models of the biological behavior of inhaled ina ter ia ls and their solution with 
readi ly available techniques. These models can be developed from expe r i 
menta l animal s tudies; however, since aerosols inhaledin accidents a re likely 
to differ chemical ly and physically, simple adjustments mus t be provided. 

Models of radionuclide metabol ism have been studied in Beagle dogs to 
simulate inhaled radioactivity c leared from the resp i ra to ry t rac t to other o r -
gans as f i r s t o rder compartmental exchanges. The initial conditions include 
'I' Research performed under U .S . Atomic Energy Commission Contract No, 

A T ( 2 9 - 2 ) - 1 0 1 3 and conducted in facilities fully accredi ted by the American 
Associat ion for Accredi tat ion of Labora tory Animal Ca re . 
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aeroso l par t ic le s ize , a i r concentrat ion, r e sp i r a to ry r a t e s and an est imation 
of the solubility of the ae roso l . Applying the models to human exposures r e 
qui res adjusting t ransfer r a t e s for species differences, variat ions in chemical 
form and deposition pat tern of the par t icu lar exposure . Adjustments can be 
made during ear ly stages of an evaluation and refined as data become ava i l 
able . In this way, a unified picture of an exposure can be developed and long-
t e r m evaluation facilitated especial ly with regard to prospective therapy. 

Biomathematical Model 

A biomathematical model used in analyses of inhalation studies of ^*°Ba-
'•*°La and ^**Ce in Beagle dogs is in F ig . 1, The r e sp i ra to ry t r ac t is divided 
into the nasopharynx, t racheobronchial t ree and pulmonary regions as defined 
by the Task Group on Lung Dynamics. •"• Aerosol deposition in these compar t 
ments depends on i ts physical c h a r a c t e r i s t i c s . These regions as well as the 
stomach, small intestine and t racheobronchial lymph nodes a re divided into 
two or more para l le l compar tments leading into a compartment in s e r i e s . 
The para l le l compar tments r ep re sen t inhaled ma te r i a l in a par t icular state 
which may be converted by dissolution or other change in chemical form and 
pass into a t ransformed s ta te , r ep resen ted by the se r i e s compartment , from 
which absorption into the circulat ion may occur. The number of para l le l 
compar tments in these organs cor responds to the number of f i r s t - o rde r expo
nential functions requi red to r ep re sen t the dissolution mathematical ly . The 
ra te constants of the exponential functions were used for the corresponding 
compartmental t ransfer r a t e s , and coefficients of the exponential functions 
w^ere used to apportion the ma te r i a l deposited in each region among the p a r a l 
lel compar tments . Mechanical c learance of deposited ma te r i a l is shown by 
solid a r rows in F ig . 1 to avoid confusion and rep resen t s t ransfers between 
corresponding subunits of each organ configuration. All internal organ ex
changes of ionic or molecular forms with blood and excre tory pathways, 
shown as individual a r rows were used with a constant fraction of the compar t 
mental content t ransfer r ing pe r unit 
t ime interval . Transfer of ma te r i a l 
from blood to smal l intestine indi
ca tes a possible associat ion with l iv
er and bi l iary secret ion, however, 
sufficient information on this is not 
avai lable .^ Analog and digital com
puter p rograms were developed for 
simulation of the model . 

Retention of Inhaled Barium Aerosols stomach 

In previously repor ted expe r i 
m e n t s . Beagle dogs inhaled differing 
chemical forms of ba r ium: •'"'^^BaClg, 
^^^BaSO., heat t rea ted •^'^^BaSO* and 
1 3 3 3 

Ba in fused clay. Respi ra tory 
t r a c t retention of Ba was m e a s 
ured for 16 days and then the dogs 
were sacrificed for t issue ana lyses . 
An additional group of dogs inhaled 
aeroso ls of Ba in fused clay and 
was studied for 512 days. Samples 
of the ae roso ls from the exposures 
were enclosed between 25 m|jLm c e l 
lulose acetate membrane f i l ters and 
dissolved in a simulated se rum so l 
vent.* The ae roso l samples were 
placed in 100 ml of solvent which 
was refreshed periodicaUy to m e a s 
ure filter retention of •"• Ba as 

Small 
Intestine 

Large 
Intestine 

Sl| . 
31,- > 3 

1 
I 

1 
^ . ^ ^ 
Liver 

-

Feces 

Figure 1. Biomathematical model for 
describing the retention of inhaled 
ae roso l s . In tercompartmental t r a n s 
fers of ma te r i a l as indicated by a r rows 
were represented by f irst o rder ra te 
constants . 
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Figure 2, Retention of ^°^Ba 
on aerosol filter samples sub
jected to dissolution in static 
contact with serum simulant. 
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shown in Fig . 2. Retention half- l ives ranged from 1.2 hr for BaClg to 
more than 430 days for •''^^Ba in fused clay. Respi ra tory t r ac t c learance and 
skeletal accumulation of •''^^Ba following inhalation of ^'^ BaSO^ is shown in 
F ig . 3. Solid l ines a re the predict ions of the model using transfer constants 
in Table 1 and initial deposition fractions in Table 2. Comparisons of the ob
served and predicted total body, lung, skeletal and tracheobronchial lymph 
node activi t ies a t sacrifice a r e also in Table 2 for all aeroso ls of ^^Ba. In 
general , the predicted t issue act ivi t ies a t sacrifice were sufficiently s imilar 
to observed activi t ies to be useful in dos imetr ic projections for bar ium 
a e r o s o l s . 

Retention of Inhaled Cerium Aerosols 

The relat ionship between in vivo and in vi t ro solubility was also studied 
with ae roso l s of ce r ium: •"•^^CeCla , ^^^CeCIs in CsCl (Ce:Cs!%:i 1:10 by m a s s ) 
and •'•**Ce in fused montmoril lonite clay. Pa r t i c le sizes were about 2 \xm 
AMAD for all a e roso l s . Dissolution was studied in different solvents includ
ing 0. 001 M ci t r ic acid (pH 3. 3 ) , 
0.001 M acetic acid (pH 3 . 9 ) , saline 
(pH 6.9) and se rum simulant (pH 7,3 
to 7 .9) under static solvent condi
tions as descr ibed previously. A 
para l le l flowing solvent system* was 
also used with serum simulant at pH 
7. 3 stabilized in an atmosphere of 
5%, COs and 95% Ng . -All dissolution 
studies were conducted at 37°C. 
Typical retention pat terns of •"•* Ce 
on the filter samples a r e in Fig . 4 
along with the r e sp i r a to ry t r ac t r e 
tention of •'•*'*Ce in Beagle dogs after 
inhalation of •''^^CeCls in CsCl with 
Ce:Cs!=al:10 by m a s s . ^ Dissolution of 
Ce ae roso l s was great ly influenced 
by solvent composition. F i l te r r e 
tention after 4 days ranged between 
0. 5%, in c i t r ic acid and 80 to 99%o in 
serum simulant . The higher pH and 
presence of phosphate, sulfate and 
carbonate species in serum simulant 
were likely responsible for slower 
ae roso l dissolution. Clearance of 

CeCla from the r e sp i r a to ry t r a c t s 

o 
a: 
CO 

>-
Q 
O 
m 

-> 

L . . ^ lOIOl Body 

I Skeleton ^ l l L i ^ 

Lung 

5 10 

DAYS POST-INHALATION 

1 4 4 

of Beagle dogs had an intermediate 

F igure 3. Retention and tissue d i s 
tribution of -"-^^Ba following inhalation 

BaSo^ by Beagle dogs. of 133 
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Table 1 

F i r s t Order Kinet ic Cons tants Appl i ed to Model Shown in F i g . 1 
for the D e s c r i p t i o n of Ba and Ce Retent ion F o l l o w i n g Inhalation 

O r i g i n 

N a s o p h a r y n x 
=1= 

N a s o p h a r y n x 

T r a c h e a and B 

T r a c h e a and B 

P u l m o n a r y 

P u l m o n a r y 

S tomach 

S m . Intes t ine 

L g . Intest ine 

P u l m o n a r y 

TB L y m p h N. " 

Sm. Inte s t ine 

B lood 

Blood 

B lood 

L i v e r 

Blood 

M u s c l e 

B lood 

Ske le ton ( S k j ) 

(Sk^) 

( S k j ) 

O r i g i n De 

N P i 

T B i 

P i 

S i 

si i 
_ T i 

^ P z 
TB2 

Pz 
sz 

siz 
_ T z 

P i 

Pz 
P3 

ronch. 

ronch. 

stination 

NP3 

TB3 

P3 

S3 
SI3 

T3 _ 

NP3 - -

TB3 

P3 
S3 

SI3 

P 4 n 
P4 

^ 4 _ 

C o m p a r t m e n t 
Of Des t ina t ion 

Stomach 

Blood 

Stomach 

Blood 

Stomach 

Blood 

Sm. Intest ine 

Lg. Intes t ine 

F e c e s 

TB Lymph N. 

Blood 

Blood 

Sm. Intes t ine 

Urine 

L i v e r 

Blood 

M u s c l e 

Blood 

Skeleton ( S k j ) 

(Sk^) 

( S k j ) 

Blood 

Aerosol 

BaClz 

T 

B 
25 

100 

0. 

100 

« 0 

100 

15 

5 

0 

0. 

100 

0. 

4 

2. 

1. 

3. 

40 

10 

16. 

Z. 

2. 

0. 

0 

0 

B a S 0 4 

B a S 0 4 ( h e a t t r e a t e d ) 

B a - f i i s e d c l a y 

C e - f u s e d c l a y 

BaClz 

B a S 0 4 

B a S 0 4 ( h e a t t r e a t e d ) 

B a - f u s e d c l a y 

C e - f u s e d c l a y 

CeCl3 In C s C l 

• 

r a n s f e r Rates 
f r a c t i o n / d a y ) 

a 

9 

7 

0001 

35 

5 

3 

2 

5 

4 

4 

65 
014 

0007 

Tr£ 

Ce 

25 

100 

0 . 9 

100 

. 0 0 0 9 

100 

15 

5 

0 . 7 

0 . 0 0 0 1 

100 

<» 0 

8 . 5 

7 

1 1 . 5 

«! 0 

» 0 

« 0 

9 

S! 0 

ins fer Rates 

1 3 . 5 

0 . 4 3 

0 . 7 0 

0. 13 

0 . 3 4 

0 . 4 5 

0 . 0 0 1 7 

0 . 0 0 3 8 

0 . 0 0 1 6 

0 . 0 0 0 5 

0 . 6 5 

0 . 0 1 8 

0 . 0 0 1 

R e p r e s e n t s t r a n s f e r f r o m d i s s o l v e d of t r a n s o f r m e d state to blood 
only . 

T h r e e p a r a l l e l c o m p a r t m e n t s w e r e u s e d for CeCl3 in C s C l and the 
s a m e ra te c o n s t a n t s w e r e u s e d for N P , T B , S, SI and T c o m p a r t m e n t 
c onf igur a t i o n s . 
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Table 2 

Physical Characteristics and Deposition Fractions of Aerosols Used m 
Inhalation Studies with Beagle Dog Tissues Activities at Time of Sacrifice 

Aeroso l 

AMAD 

BaCl2 

2. 3 

BaSO^ 

1 0 

Heated 
BaSO^ 

0 9 

Regional Deposition as Frac t ions of Total Body 

N P j 

N P z 

N P 3 

T B j 

T B 2 

T B 3 

P i 

Pz 

P 3 

Tissue Act ivi t ies 

Sacrifice Time 
( d a y s ) 

Observed 

Lungs 

Skeleton 

TBLN 

Total Body 

P red i c t ed 

Lungs 

Skeleton 

TBLN 

Total Body 

. 4 5 

0 

. . . 

. 10 

0 

. 4 5 

0 

- . -

. 14 

. 01 

. 0 9 

. 01 

. . . 

69 

. 0 6 

- - -

03 

12 

. _ . 

02 

. 0 8 ' 

. . . 

. 15 

. 6 0 

. . . 

and F rac t ions of Initial Body 

16 

45 

. 4 5 

. 3 0 

. 3 0 

16 

06 

.30 

. 3 6 

. 0 6 

31 

. . . 

37 

16 

20 

.30 

. 5 0 

. 3 2 

. 2 0 

. . . 

. 5 2 

Ba 
Fused 

2 . 2 

m 
Clay 

2 . 2 

Deposition 

. 0 5 

. 4 0 

- . . 

0 1 

. 0 9 

05 

. 4 0 

. . . 

Burden 

16 

37 

008 

. 3 8 

40 

.025 

- . . 

. 4 3 

. 0 5 

40 

. . . 

0 1 

. 0 9 

. . . 

. 0 5 

. 4 0 

- - -

s 

512 

19 

.036 

01 

. 2 4 

16 

. 0 6 

.009 

23 

CeClj m 
CsCl 

1 . 4 - 2 . 7 

44 

4 

2 

8 8 

. 8 

. 4 

35 

3 

2 

Ce m 
Fused Clay 

1 5 - 2 4 

5 

45 

- -
1 

9 

— 
4 

36 

- -

See Fig. 5 
for sacrif ice t imes 
and t issue act ivi t ies 

Activity Median Aerodynamic Diameter 

Figure 4. ^**Ce retention in^^^CeClg 
aerosol samples in static contact with 
various solvents. Data for filter r e t en 
tion of •"•** Ce in a system with para l le l 
solvent flow and r e sp i r a to ry t r ac t r e 
tention of inhaled Ce by Beagle dogs 
were studied with ae roso ls of ^ CeCls 
in CsCl. 

"T r 
I 3 

DAYS OF ELUTION 
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100-

100-
Q 
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V) 
LiJ 

UJ 
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UJ 
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10-

1.0-

Ce in Fused Cloy 

t 
Liver 

Skeleton 

1 1 
50 100 

DAYS POST-INHALATION 
150 

1 4 4 Ce F i g u r e 5. T i s s u e r e t e n t i o n of 
Beag le dogs a f te r i n h a l a t i o n of a e r o s o l s 
of •"• ^CeClg and '"**Ce in fused c l a y . 

c l e a r a n c e r a t e , h o w e v e r , the e x a c t 
r e l a t i o n s h i p of the a e r o s o l s u s e d for 
the in v i t r o and in v ivo s t u d i e s i s no t 
known. 

The b i o m a t h e m a t i c a l m o d e l w a s 
u s e d to s i m u l a t e da t a f r o m the s t u d i e s 
of the r e t e n t i o n of i nha led •'"^^CeCls 
and •'•**Ce in fused c l a y in B e a g l e 
dogs u s i n g t r a n s f e r r a t e s in Tab le 1. 
A c o m p a r i s o n i s in F i g . 5 . A r e a 
sonab le fit w a s ob ta ined , h o w e v e r , 
d i s s o l u t i o n of c h l o r i d e a e r o s o l s in the 
r e s p i r a t o r y t r a c t a s u s e d in t h e s e 
s i m u l a t i o n s w a s c o n s i d e r a b l y m o r e 
t han o b s e r v e d in v i t r o e x c e p t wi th d i 
lu te so lu t i ons o F c i t r i c or a c e t i c a c i d . 

D i s s o l u t i o n of '•**Ce in fused c l a y 
a e r o s o l s h a d a ha l f - l i f e of 450 days in 
s a l i ne d u r i n g the f i r s t 25 d a y s and a 
ha l f - l i f e of 200 d a y s in s e r u m s i m u 
l a n t . Both of t h e s e d i s s o l u t i o n r a t e s 
i nc lude m o r e r a p i d l y so lub le f r a c 
t ions of the a e r o s o l s a m p l e s n o r m a l l y 
o b s e r v e d a t e a r l y t i m e s . D i s s o l u t i o n 
r a t e s would p r o b a b l y have d e c l i n e d a f te r l o n g e r t i m e s , h o w e v e r , the half-
l i v e s for c l e a r a n c e f r o m the r e s p i r a t o r y t r a c t s of dogs w e r e 1440 days for 
90%o and 2 d a y s for 10%o of the d e p o s i t e d a e r o s o l . 

S u m m a r y 

In g e n e r a l , m a t h e m a t i c a l m o d e l s i n c o r p o r a t i n g in v i t r o m e a s u r e m e n t s of 
a e n o s o l so lub i l i t y f ac i l i t a t e c o m p l e x a n a l y s e s of i nha l a t i on e x p o s u r e s , h o w 
e v e r , e x a c t c o r r e s p o n d e n c e b e t w e e n d i s s o l u t i o n r a t e s of speci f ic a e r o s o l s in 
v ivo and in v i t r o should not be a c c e p t e d wi thout o t h e r s u p p o r t i n g e v i d e n c e . 
Such m e t h o d s a r e l i k e l y to a id in d i s t i n g u i s h i n g v e r y so lub le f r o m m o d e r a t e l y 
and i n s o l u b l e a e r o s o l s wi th f u r t h e r s tudy in the s e l e c t i o n of s o l v e n t s wi th a e r 
o s o l s for t r i v a l e n t a n d t e t r a v a l e n t e l e m e n t s . S tudies w^ith s e r u m s i m u l a n t 
s o l v e n t p r e d i c t e d v e r y long r e s p i r a t o r y t r a c t r e t e n t i o n of ^'^^CeCls w h e r e a s 
e lu t ion of •'•^'''Ce in d i lu te s o l u t i o n s of a c e t i c and c i t r i c a c i d o r s a l i ne m o r e 
c l o s e l y r e s e m b l e d the c l e a r a n c e of •'•'**Ce in Beag le d o g s . T h i s d i s c r e p a n c y 
w a s not o b s e r v e d wi th i n h a l e d a e r o s o l s of b a r i u m , p e r h a p s due to the m o r e 
so lub le n a t u r e of b a r i u m in m o s t a q u e o u s s o l u t i o n s . 

A c k n o w l e d g e m e n t s - The a u t h o r s a r e g ra t e fu l to m e m b e r s of the D e p a r t m e n t s 
of Rad iob io logy and V e t e r i n a r y M e d i c i n e of the L o v e l a c e F o u n d a t i o n , D r . 
P a t r i c i a Durb in of the L a w r e n c e B e r k l e y L a b o r a t o r y and M r . F r e d R u p p r e c h t 
for a s s i s t a n c e in deve lop ing th i s p a p e r . 
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DEPOSITION AND ELIMINATION OF IRON OXIDE 
AEROSOL FROM THE LUNG OF RATS: 

COMPARISON WITH ICRP PREDICTIONS FOR MAN 

P. J. Hewitt 
Radiation Protection Service 

University of Bradford England 

Abstract 

Male albino rats have been exposed to iron oxide aerosol (MAD 
0.3 p,m) at iron concentrations up to 700 mg/m^ for continuous 
periods up to 235 min, and for intermediate periods of 30 min over 
a ten day period. From 0.3-3,0 mg of deposited iron were found in 
the rat lungs removed one day post exposure which corresponds to 
initial pulmonary fractional depositions of between 0.3 and 0,7 -
which is comparable to that proposed for man by the ICRP Lung 
Dynamics Task Group (0.35). The elimination of deposited iron 
from the rat lung can be described by a two component exponential 
expression with parameters similar to those of ICRP for man except 
that the phase two clearance in rats was found to be shorter 
(Ti = 33d). 

Introduction 

The ICRP Lung Dynamics Task Group derived curves for man 
relating the aerodynamic diameter of particulates to the fraction
al deposition factor for the nasal, tracheo broncial and pulmonary 
regions . Opportunities for testing these curves with human 
subjects are restricted due to the practical difficulties involved 
in long term exposures to high concentrations of aerosol, and the 
various analytical limitations. Nevertheless some useful data has 
been gained following relatively short term exposures using radio
tracer purposefully administered or resulting from unplanned 
exposure . Rats have been used in this present study, which could 
be exposed for up to five hours in a controlled fashion to 
relatively high concentrations of a series of metal oxides of 
interest , 

The research programme is directed to the assessment of the 
hazard to health of industrial workers exposed to metallic fumes 
having a median aerodynamic diameter (MAD) below 1 (j,m, Metallic 
particulates of this size range are generated in a number of 
common industrial processes, such as welding and metal grinding, 

-and arebelieved to be toxicologically significant , The ICRP 
deposition curve for man indicates that about a quarter of air
borne particulates of 1 \JM MAD will be initially deposited in the 
pulmonary region (fractional deposition ~0,25) decreasing to a 
fractional deposition of ~0,1 at 5 ^m MAD, as the larger partic
ulates are deposited in the nasal and tracheo bronchial region. 
Below 1 |xm diameter the pulmonary curve shows a steep rise so 
that at 0.3 |xm MAD for example fractional deposition of 0.35 are 
predicted. Experimental verification of this portion of the curve 
is clearly of considerable interest in the assessment of the 
health hazard of metallic fumes. Of equal importance are 
investigations into the clearance kinetics of particulates 
initially deposited in the pulmonary region. 
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Exposure to Iron Oxide Particulate 

uration 
(min) 

16 

30 

Fe cone of 
inhaled air 

(mg/m^) 

392 

250 

Male albino rats were exposed to iron (MAD 0,3 |i,m geometric 
standard deviation 1.8) in a specially constructed chamber using 
experimental techniques described elsewhere4. The concentration 
of fume throughout each exposure period was determined by 
collection of the total particulate flowing through the chamber 
and measuring the air volume throughput. Electron microscopy was 
used for the particle size measurement. 

Both continuous and intermittent exposures were used (Table 1), 
Rats were killed one day post each exposure and also at several 
predetermined periods up to 100 d post exposure in order to follow 
the elimination of deposited iron from the lung. Control rats 
were housed alongside and then killed at the same time as those 
exposed; the total lung being then removed and iron was determined 
by instrumental (Ge/Li) neutron activation analysis. A number of 
blood and body tissue samples were also analysed. 

Table 1. Exposure Conditions and Deposition Factors 
for Rats exposed to Iron Oxide Aerosol 

Exp Duration Fe cone of Fe deposited Fractional 
in lung Id deposition at 
post exp (mg) t=0 (D) 

1 16 392 0,35 0,50 

2 30 250 0,60 0,72 

3 Intermittent (Table 3) 3.21 0,35 
3.12 

4 235 143 1,45 0.46 
1.21 0.38 

Results and Discussion 

The lung burden was calculated using the total lung weight 
and the iron concentrations of the exposed rat's lung corrected 
for iron in control rat lung. The shape of the pulmonary 
elimination curve can be expressed by an exponential expression 
of the form 

-0.693t -0.693t 
Toi T-ii 

R = A e ^2 + A, e ^^ s 1 

where R is the % of the initial lung burden retained at time 
t, Tgi and Tĵ i are short term and longer term 
elimination half times, ^s'>^\ s^Ti& constants. 

Substituting values for Ag, Ax and the corresponding 
elimination half times T„i and t-,x taken from ICRP data-'- the 

2 2 

elimination curve for man can be compared with that determined 
for the rat (Fig 1). 
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Fig 1 RETENTION CURVES FOR MAN (R̂ ) AND RAT (R̂.) 

The experimental data obtained in this present study are 
insufficient to be definitive, but are compatible with a similar 
short term (Ti=ld) elimination in both man and the rat, although 
the longer term elimination T^i for the rat is shorter ( ~33d) than 
that proposed by ICRP for man fTi=70d), The ICRP curve is based 
upon a two phase exponential clearance model, comprising a short 
phase I (Ti=24h) and a phase II clearance of Ti=70d). The slower 
clearance represents that fraction (~40%) of tfie initial pulmonary 
deposited iron oxide translocated to the gastro-intestinal tract, 
through a process which depends upon endocytosis and ciliary mucus 
transport, and in addition the fraction that is translocated to 
the blood - according to the ICRP model some 15% of the initial 
pulmonary iron oxide deposit would be taken into the systemic 
blood directly whilst a fraction (~5%) would follow a lymphatic 
drainage route. 

A contribution to the blood may also be postulated following 
gastro-intestinal tract absorption, but in the case of iron oxide 
this will be negligible. In order to test this, blood, liver and 
kidney samples were removed from pairs of rats one day post 
exposure in both experiments 3 and 4, and also from an equivalent 
number of control rats, and all samples were analysed for iron. 
The contribution of inhaled iron oxide to the blood and to organs 
other than lung tested proved to be insignificant. This confirms 
the observations of Albert and Arnett on man and also Morrow et 
al on dogs, who found no detectable radioactivity in blood 
following inhalation studies with ^^Fe labelled iron oxide, Morrow 
concluding that iron oxide behaves as an 'insoluble' material 
being efficiently eliminated from the gastro-intestinal tract in 
the faeces. 

The very long term fate of pulmonary deposited iron oxide is 
probably inadequately described by a two component exponential 
expression: the rats were studied in this work for an insufficient
ly long period post exposure to define such components, and othejr 
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workers ' terminated their measurements 70d post exposure. 
However the retention of iron and other elements occupationally 
ingested many years previously is clearly demonstrated in the 
results of human lung analysis (Table 2 ) . The 'hard metal' 
workers were engaged in a process involving the risk of inhalation 
of cobalt, tantalum and tungsten, but clearly the iron concentra
tion in the boiler maker's lung is of particular interest, being 
clearly indicative of long term retention since the sample was 
taken five years post exposure.. 

Table 2. Analysis Results on Lung of Controls and 
Industrially Exposed Metalworkers^ 

Co 

Cr 

Fe 

Ta 

W 

1 

1,0 

1.0 

1.0 

1.0 

1.0 

Hard Meta 

2 

2.6 

1.7 

1.1 

-

26.0 

1 Worke 

3 

2.0 

1.7 

0.7 

0.5 

48.0 

rs 

4 

19.2 

10.6 

1.7 

1.8 

130.0 

Boiler/ 
Welder 

3,9 

1.6 

16.6 

-

^ 

Con 

1 

1,0 

0.4 

0.7 

-

.. 

trols 

2 

0.9 

0,3 

0.8 

-

_ 

* All results are compared to HM 1, taking the 
concentration of each element as unity in that sample. 

Fractional deposition factors can be calculated from the 
expression 

wgt of deposited particulate in lung at t == O 
D = 

(air cone)(duration)(respiration rate)(tidal vol) 

n 
Casarett reports deposition factors of 0.49-0,67 (mean 0,60) 

for iron oxide particulates (0.068 CMD a„ 1,62), these calcula
tions being based on minute volumes of 75cm^, In general the rats 
used in this present study had minute volumes of 120cm^ and the 
calculated deposition factors for the 0,3 îm iron oxide were 
lower (Table 1 ) , being very similar to the 0.35 predicted from 
ICRP for man. Because of the dimensional differences it is not 
unexpected that for relatively large diameter particulates ( >5|jLm) 
there should be greater deposition in the nasal and upper 
respiratory tract of the rat than in man, but the effect of 
anatomical difference on <l|im particulates is less clear, and in 
this study the deposition in rats could not be differentiated 
from man. Thomas found that for ^'Cs in rats the total body 
deposition plotted against particle size followed a similar trend 
to that of the ICRP curve for man but at about half the deposition 
level - the deposition factors at the lowest particle size studied 
(~0.3|j,m MAD) being in all cases lower than that found for iron 
oxide in this work. 

9 
Thomas identified in rats an intermediate clearance phase 

due to the anatomical structure of the upper respiratory tract 
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which because of its downward slope towards the mouth could be 
expected to enhance the clearance rate compared to man. This 
could partly account for the phase II elimination half time 
observed for rats in this study (Ti 33d) compared to that for the 
dog (Ti 62d)6 and man (Ti 70d)^. 

Table 3. Daily Contribution to Lung Burden during 
Intermittent Exposure (Experiment 3) 

Day Duration Fe cone of Initial pulmonary* Remaining at® 
(min) inhaled air deposition (mg) T = 11 (mg) 

(mg/m^) 

0 33 378 0.52 0,25 

1 31 450 0.59 0,28 

2 30 402 0,51 0,26 

3 30 367 0.46 0.24 

4 32 524 0.70 0.37 

5 

6 

7 30 583 0.V3 0.42 

8 29 664 0.81 0.50 

9 26 599 0.65 0.44 

10 32 622 0.84 0.66 

Total 3.42 

cf Table 1(3.21 , 3,12) 

* 
e 

Calculated from (air cone)(duration)(min vol)(0.35) 

Calculated using elimination equation 

Using the two component elimination equation and the 
deposition factor which for the purpose of illustration is taken 
as that of the ICRP (0,35) , the daily contributions of iron to 
the rat's lungs are easily calculated, and the total can then be 
compared with the actual iron content of the lungs found at 
autopsy (Table 3 ) , 

Conclusion 

This preliminary study of the iron oxide inhalation and 
elimination has indicated the value of the ICRP Task Group 
approach. For the particle size examined, the deposition factors 
found for the rat were similar to those proposed by ICRP for man. 
Pulmonary clearance could be reasonably described in terms of a 
two component exponential but the phase II component was of 
shorter half time than that in man. 
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INHALATION HAZARDS: THEY COULD BE WORSE* 

R, G, T h o m a s 
L o v e l a c e F o u n d a t i o n for M e d i c a l E d u c a t i o n and R e s e a r c h 

5200 Gibson Blvd , , SE 
A l b u q u e r q u e , New Mex ico 87108 

A b s t r a c t 

The i n h a l a t i o n r o u t e of e n t r a n c e of r e l a t i v e l y inso lub le r a d i o a c t i v e t o x i 
can t p a r t i c l e s to the body m a y afford s e v e r a l m e c h a n i s m s tha t a c t to r e d u c e 
the p o t e n t i a l r a d i a t i o n h a z a r d , a s c o m p a r e d to e n t r a n c e by o t h e r p o s s i b l e 
r o u t e s . A r e l a t i v e l y m i n o r f r a c t i o n of w h a t i s i n h a l e d a c t u a l l y r e a c h e s the 
p u l m o n a r y s p a c e s of the l u n g . In add i t i on , t h o s e p a r t i c l e s t ha t do r e a c h th i s 
r e g i o n of the r e s p i r a t o r y t r a c t have the o p p o r t u n i t y of being c l e a r e d by a t 
l e a s t t h r e e m e t h o d s ; m u c o - c i l i a r y m o v e m e n t , d i s s o l u t i o n and s u b s e q u e n t r e 
m o v a l by the b lood , and t r a n s l o c a t i o n to t r a c h e o b r o n c h i a l l ymph n o d e s . With 
r e l a t i v e l y i n s o l u b l e p a r t i c l e s a l l of t h e s e f a c t o r s a p p e a r to w o r k t o w a r d h e l p 
ing the ind iv idua l to r e d u c e the r a d i a t i o n i n s u l t . The m e t h o d s p r o p o s e d to 
b r i n g about t h i s r e d u c t i o n t h r o u g h t h e s e v a r i o u s f a c t o r s a r e d i s c u s s e d in g e n 
e r a l t e r m s . 

I n t roduc t i on 

The i n h a l a t i o n r o u t e of e n t r y of r a d i o n u c l i d e s to the body g e n e r a l l y r e p 
r e s e n t s the m o s t p r e v a l e n t h a z a r d in i n c i d e n t s involving a c c i d e n t a l r e l e a s e s 
tha t m a y o c c u r in the n u c l e a r i n d u s t r y . Rad ioac t ive m a t e r i a l s t ha t b e c o m e 
a i r b o r n e a r e l i ke ly to do so in a v a r i e t y of p h y s i c o - c h e m i c a l s t a t e s , depending 
upon the i n d u s t r i a l o p e r a t i o n . The t e m p e r a t u r e of r e l e a s e , for e x a m p l e , m a y 
p lay a n i m p o r t a n t r o l e in the s u b s e q u e n t b e h a v i o r of the n u c l i d e - c o n t a i n i n g 
s u b s t a n c e once i t i s d e p o s i t e d in the r e s p i r a t o r y t r a c t . The c h e m i c a l o r 
p h y s i c a l f o r m of the v e h i c l e o r m a t r i x con ta in ing the r a d i o n u c l i d e m a y p lay a 
s i m i l a r l y i m p o r t a n t r o l e in the s u b s e q u e n t m e t a b o l i s m of the inha led m a t e r i a l . 
T h u s , the p r a c t i c a l a s p e c t s of c o n c e r n in the e v a l u a t i o n of po t en t i a l i nha l a t ion 
h a z a r d s involve a n e x p l i c i t knowledge of the c o n d i t i o n s u n d e r which r e l e a s e s 
m a y o c c u r . Th i s poin t h a s been p a r t i c u l a r l y e m p h a s i z e d r e c e n t l y by a n u m b e r 
of a u t h o r s i n v e s t i g a t i n g the f a c t o r s invo lved in the i n c r e a s e d i nc idence of lung 
c a n c e r in m i n e r s and w o r k e r s in o t h e r d u s t y t r a d e s . '• 

This p a p e r e x p l a i n s the f a c t o r s invo lved in a s s e s s i n g the r e l a t i v e p o t e n 
t i a l h a z a r d s fol lowing h u m a n inha l a t i on e x p o s u r e and d i s c u s s e s m a n y a r e a s in 
which the body a p p e a r s to a id in r e d u c i n g the r a d i a t i o n r i s k to the body t i s s u e s . 

* R e s e a r c h p e r f o r m e d u n d e r U. S . A . E . C . C o n t r a c t A T ( 2 9 - 2 ) - 1 0 1 3 and c o n 
duc t ed in f a c i l i t i e s a c c r e d i t e d by the A m e r i c a n A s s o c i a t i o n for A c c r e d i t a 
t ion of L a b o r a t o r y A n i m a l C a r e . 

1255 



Lung Depos i t i on 

The T a s k Group on Lung D y n a m i c s ( T G L D ) of C o m m i t t e e 2 , the I n t e r 
na t i ona l C o m m i s s i o n on Rad io log i ca l P r o t e c t i o n ( I C R P ) h a s s e p a r a t e d the 
h u m a n r e s p i r a t o r y t r a c t into t h r e e m a j o r r e g i o n s , ^ T h e s e a r e the n a s o 
p h a r y n g e a l ( N P ) r e g i o n , beg inn ing with the a n t e r i o r n a r e s and d e s c e n d i n g to 
the l e v e l of the l a r y n x ; the t r a c h e o b r o n c h i a l ( T B ) r e g i o n , con t inu ing th rough 
the t r a c h e a and b r o n c h i a l t r e e and inc lud ing the t e r m i n a l b r o n c h i o l e s ; and the 
p u l m o n a r y ( P ) r e g i o n c o n s i s t i n g of the r e m a i n d e r of the r e s p i r a t o r y t r a c t , 
beg inn ing wi th the r e s p i r a t o r y b r o n c h i o l e s and inc luding the a l v e o l i . In g e n 
e r a l , l a r g e r p a r t i c l e s d e p o s i t i n the N P and TB r e g i o n s and , if r e l a t i v e l y 
i n s o l u b l e in body f l u id s , soon (w i th in 48 h o u r s ) find t h e i r way to the g a s t r o 
i n t e s t i n a l t r a c t to be e l i m i n a t e d by f eca l e x c r e t i o n . A c c o r d i n g to the T G L D , 
the quan t i t y d e p o s i t e d in t h e s e two a r e a s c o m b i n e d m i g h t v a r y f r o m a few 
p e r c e n t up to e s s e n t i a l l y 100% of i nha l ed p a r t i c u l a t e m a t e r i a l . Depos i t i on in 
the TB r e g i o n r a r e l y e x c e e d s 10% of the to t a l i nha led a e r o s o l . The N P r e g i o n 
show^s the g r e a t e s t v a r i a t i o n in d e p o s i t i o n a s a funct ion of p a r t i c l e s i z e , wi th 
d e p o s i t i o n g r e a t e r a t the l a r g e r p a r t i c l e s i z e s and i n c r e a s i n g l y r e d u c e d a s the 
a e r o d y n a m i c p a r t i c l e d i a m e t e r s b e c o m e s m a l l e r t han 1 [im. Any f r a c t i o n of 
an i n h a l e d a e r o s o l of a n i n so lub l e n a t u r e tha t d e p o s i t s in t h e s e two r e g i o n s i s 
a c t e d upon in favor of de fense a g a i n s t the t ox i can t , thus p r o t e c t i n g the i n d i 
v i d u a l f r o m d e p o s i t i n g l a r g e q u a n t i t i e s of inha led p a r t i c l e s in the p u l m o n a r y 
s p a c e s . 

T h i s s a m e a r g u m e n t m a y be u s e d in d i s c u s s i n g the p u l m o n a r y ( P ) r e 
gion wi th r e g a r d to d e p o s i t i o n of i nha led m a t e r i a l s . B e c a u s e of the l a r g e 
f r a c t i o n s i n h a l e d t ha t a r e d e p o s i t e d in the u p p e r r e s p i r a t o r y t r a c t , p l u s the 
s i z e a b l e f r a c t i o n t ha t i s exha l ed and not d e p o s i t e d in any p a r t of the t r a c t , 
d e p o s i t i o n in the P r e g i o n i s c o m p a r a t i v e l y low. Only w^hen the p a r t i c l e s i ze 
i s v e r y s m a l l ( l e s s t han 0. 5 |a.m a e r o d y n a m i c d i a m e t e r ) d o e s d e p o s i t i o n in 
t h i s r e g i o n s u r p a s s 25%) of the a m o u n t i n h a l e d , a s e s t i m a t e d by the T G L D . ^ 
I n a s m u c h a s m o s t p r a c t i c a l a e r o s o l s a r e of a s i ze g r e a t e r than t h i s , the body 
i s a f fo rded c o n s i d e r a b l e p r o t e c t i o n f r o m an i n h a l e d , r e l a t i v e l y in so lub le s u b 
s t a n c e . 

The e x c e p t i o n to t h e s e p r o t e c t i v e f a c t o r s a r i s e s when inha led p a r t i c l e s 
a r e of a so lub le n a t u r e . A s an e x a m p l e , a r e c e n t s tudy h a s shown tha t s o l u 
b le s u b s t a n c e s d e p o s i t e d on the m u c o s a of the N P r e g i o n of the Sy r i an h a m s t e r 
e n t e r e d the b lood a t a r a t h e r r a p i d r a t e . 3 T h e s e s t u d i e s i n d i c a t e d a n a s a l a b 
s o r p t i o n of >50%o for the c h l o r i d e s of s t r o n t i u m , b a r i u m and c e s i u m but l e s s 
t han 4% for the t r i v a l e n t c e r i u m . A s i s often the c a s e , t r i v a l e n t c a t i o n s t end 
to f o r m r a t h e r i n so lub l e l i g a n d s wi th p r o t e i n s and o t h e r b io log ica l m o l e c u l e s . 
The r e p o r t i n d i c a t e s t ha t a b s o r p t i o n f r o m the N P r e g i o n c a n be a t l e a s t a s 
g r e a t a s f r o m g a s t r o i n t e s t i n a l a b s o r p t i o n for a g iven s u b s t a n c e . T h u s , the 
r a d i o b i o l o g i c a l e f fec ts f r o m a v e r y so lub le p a r t i c u l a t e m a t e r i a l fol lowing i n 
h a l a t i o n c a n be a f forded l i t t l e a l l e v i a t i o n by the body f o r c e s , in t ha t the r a d i o 
nuc l ide m a y e n t e r the c i r c u l a t i o n v e r y r a p i d l y . Those s u b s t a n c e s tha t fal l 
b e t w e e n the a r b i t r a r y so lub le and i n so lub l e c a t e g o r i e s p r e s e n t a c o m p l i c a t e d 
p i c t u r e t h a t w i l l be d i s c u s s e d l a t e r . 

P u l m o n a r y R e t e n t i o n 

The m a j o r f a c t o r in c o n s i d e r i n g i nha l a t i on h a z a r d s a p p e a r s to be r e l a t e d 
m u c h m o r e to r e t e n t i o n c h a r a c t e r i s t i c s than to i n i t i a l d e p o s i t i o n . What i s the 
l i k e l y fa te of the i nha l ed f r a c t i o n t ha t i s d e p o s i t e d in the p u l m o n a r y s p a c e s ? 
What l i n e s of body de fense favor the r e s i d e n c e of a body b u r d e n of a g iven r a 
d ionuc l ide to be in lung , a s opposed to be ing i n i t i a l l y d e p o s i t e d e l s e w h e r e a s a 
c o n s e q u e n c e of a n o n - i n h a l a t i o n type of e n t r y to the b o d y ? In one c a s e the p a r 
t i c l e m a y be e x t r e m e l y so lub le in body f lu ids and would a c t the s a m e wi th 
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r e g a r d to l o c a l i z a t i o n s i t e s and r e t e n t i o n c h a r a c t e r i s t i c s ( m e t a b o l i s m ) r e 
g a r d l e s s of r o u t e of e n t r y . In t h i s i n s t a n c e the m o d e of a s s i m i l a t i o n i s p r o b 
ably not v e r y i m p o r t a n t . In a n o t h e r c a s e , tha t of a r e l a t i v e l y inso lub le 
p a r t i c l e h o w e v e r , the p a r t i c l e m a y r e m a i n i n t he p u l m o n a r y s p a c e s ( a l v e o l a r 
r e g i o n ) and i r r a d i a t e the s u r r o u n d i n g t i s s u e for a p e r i o d of t i m e dependen t 
upon i t s ef fect ive ha l f - l i f e in t ha t a r e a . I t m a y g r a d u a l l y d i s s o l v e and the r a 
d ionuc l ide c a t i o n m a y e n t e r the b lood and e i t h e r be e x c r e t e d o r t r a n s l o c a t e d 
to the o r g a n ( s ) m o s t c o m p a t i b l e wi th i t s c h e m i c a l p r o p e r t i e s . The inso lub le 
p a r t i c l e m a y a l s o c l e a r t h r o u g h the l y m p h a t i c s to the r e g i o n a l ( t r a c h e o b r o n 
ch i a l ) l y m p h n o d e s . It m a y a l s o have the fo r tune of even tua l ly be ing swep t up 
the c i l i a t e d e s c a l a t o r , sw^allowed, and e x c r e t e d in the f e c e s . T h e s e a r e s o m e 
of the f a c t o r s t h a t w^ill be c o n s i d e r e d in t e r m s of a l t e r a t i o n s , p a r t i c u l a r l y r e 
d u c t i o n s , in the p o t e n t i a l r a d i a t i o n h a z a r d a f t e r inha la t ion . The following r e 
m a r k s w^ill be r e s t r i c t e d to r e l a t i v e l y i n s o l u b l e p a r t i c l e s d e p o s i t e d in the deep 
lung, u n l e s s o t h e r w i s e no t ed . 

C i l i a r y R e m o v a l : 

I t w a s m e n t i o n e d tha t e a r l y c l e a r a n c e f r o m the t r a c h e o b r o n c h i a l r e g i o n 
t a k e s p l a c e t h r o u g h c i l i a r y a c t i v i t y , in a m a t t e r of h o u r s or d a y s . Th i s m e a n s 
of c l e a r a n c e i s an i m p o r t a n t body m e c h a n i s m for r e m o v i n g tox ican t p a r t i c l e s 
a f te r a c c i d e n t a l i n h a l a t i o n e x p o s u r e . What of th i s m e t h o d of c l e a r a n c e a f te r 
the i n i t i a l , r a t h e r l a r g e p h a s e , h a s s u b s i d e d ? It i s c o m m o n knowledge tha t 
p a r t i c l e s c a n be r e a d i l y engulfed by m a c r o p h a g e s following depos i t i on in the 
a l v e o l a r r e g i o n . I t i s a l s o f ea s ib l e and a c c e p t e d tha t a s m a l l p a r t i c l e m a y r e 
s ide on o r w^ithin the s u r f a c t a n t l in ing of the l ung , even p e r h a p s p r i o r to o r 
following an engu l fmen t by a phagocy t i c c e l l . What now i s the fate of t h e s e 
p a r t i c l e s ? It m a k e s s e n s e t h a t the m e c h a n i c a l m o v e m e n t of the lung a lone 
c r e a t e s s o m e p r o b a b i l i t y t ha t the p a r t i c l e a s s o c i a t e d wi th s u r f a c t a n t , w h e t h e r 
or not engulfed , wi l l be swep t u p w a r d v i a the m u c o - c i l i a r y e s c a l a t o r and 
swa l lowed . In o t h e r w o r d s , i t would e s s e n t i a l l y r i d e " p i g g y - b a c k " on the n o r 
m a l p r o c e s s e s of lung c l e a r a n c e . Such a p r o b a b i l i t y m a y we l l be dependen t 
upon the n u m b e r s of p a r t i c l e s p r e s e n t tha t a r e ava i l ab l e to be t r e a t e d in t h i s 
f ash ion , thus l ead ing to an exponen t i a l ( f i r s t o r d e r ) l o s s wi th r e g a r d to the 
d e c r e a s e in lung con t en t wi th t i m e . 

T h i s p r o c e s s of c i l i a r y c l e a r a n c e f r o m the p u l m o n a r y s p a c e s i s v e r y 
i m p o r t a n t in c l e a r i n g the lung of t o x i c a n t s , i nc lud ing p a r t i c u l a t e m a t e r i a l c o n 
ta in ing r a d i o n u c l i d e s . Without th i s p r o c e s s , r e g a r d l e s s of the de t a i l ed m e c h 
a n i s m s invo lved , the r e l a t i v e po t en t i a l r a d i a t i o n h a z a r d to the lung a f te r 
i nha l a t i on would be c o n s i d e r a b l y g r e a t e r . 

D i s s o l u t i o n of P a r t i c l e s : 

A l l m a t e r i a l s a p p e a r to be s o m e w h a t so lub le in body f lu ids , and the 
f luids of the lung a r e no e x c e p t i o n in the p r o c e s s . M e r c e r h a s e m p h a s i z e d the 
i m p o r t a n c e of s o l u b i l i z a t i o n of p a r t i c l e s in r enaov ine m a t e r i a l s ( e . g . , r a d i o 
n u c l i d e s c o n t a i n e d in p a r t i c l e s ) f r o m the d e e p l u n g . ^ The r a t e of d i s s o l u t i o n 
of a p a r t i c l e in an e r r o s i v e a c t i v e m e d i u m i s a funct ion of the to ta l a m o u n t of 
a v a i l a b l e s u r f a c e a r e a on t h a t p a r t i c l e . T h u s , the r a t e of r e m o v a l of p a r t i c u 
la te m a t e r i a l f r o m the lung by th i s p r o c e s s i s a funct ion of the to ta l s u r f a c e 
a r e a a v a i l a b l e to the f lu ids in the lung . In m o s t c a s e s th i s s u r f a c e a r e a i s 
m a d e up f r o m m i l l i o n s of p a r t i c l e s of a l l s i z e s , g e n e r a l l y a c c e p t e d a s be ing 
l o g - n o r m a l l y d i s t r i b u t e d a c c o r d i n g to the n u m b e r o c c u r r i n g a t a g iven s i z e . 
T h e r e a r e a few p a r t i c l e s t h a t a r e v e r y l a r g e and w^hich c a r r y a g r e a t dea l of 
r a d i o a c t i v i t y , c o m p a r e d to a l a r g e n u m b e r of s m a l l p a r t i c l e s , e a c h conta in ing 
r e l a t i v e l y l i t t l e r a d i o a c t i v i t y . C o n s i d e r the d i s s o l u t i o n of t h i s s i ze d i s t r i b u 
t ion , a s s u m i n g a l l c h e m i c a l c h a r a c t e r i s t i c s of the p a r t i c l e s to be the s a m e . 
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The s m a l l e r p a r t i c l e s m a y , in t o t a l , r e p r e s e n t a c o n s i d e r a b l e r a d i a t i o n 
s o u r c e to the l u n g . T h e s e wi l l d i s s o l v e m u c h f a s t e r h o w e v e r , due to the 
m u c h g r e a t e r s u r f a c e - t o - m a s s r a t i o s ( s u r f a c e a r e a -i- v o l u m e x d e n s i t y ) . The 
r a d i o n u c l i d e c a t i o n s r e l e a s e d s u b s e q u e n t l y follow one of s e v e r a l p a t h w a y s ; 
( 1 ) e n t e r the b lood and be e x c r e t e d o r l o c a l i z e d in s o m e o t h e r o r g a n , ( 2 ) b e 
c o m e a s s o c i a t e d in to a c h e m i c a l c o m p l e x in the lung , ( 3 ) s o m e h o w find t h e i r 
way to the l y m p h a t i c s o r ( 4 ) s o m e h o w find t h e i r w a y up the m u c o - c i l i a r y e s 
c a l a t o r . Of t h e s e p o s s i b i l i t i e s , c a s e 1 i s the m o s t l i ke ly r o u t e for the lone 
c a t i o n . In t h i s c a s e , the s i t ua t i on r e s u l t s in d i s t r i b u t i n g the r a d i o a c t i v i t y to 
o t h e r o r g a n s in the body (of ten r e f e r r e d to h e r e a f t e r a s " i n t e r n a l o r g a n s " ) . 
T h u s , a s the d i s s o l u t i o n p r o c e s s c o n t i n u e s , m o r e r a d i o n u c l i d e a c c u m u l a t e s 
i n t e r n a l l y o r i s e x c r e t e d , p r i m a r i l y in the u r i n e , and the i n i t i a l l y h i g h e r dose 
r a t e to the lung i s g r a d u a l l y r e d u c e d . The body, by th i s m e t h o d , once aga in 
r i s e s to the o c c a s i o n by sp l i t t i ng the offensive l i n e s and u t i l i z ing a m e a n s to 
d i lu te the to t a l p o t e n t i a l r a d i a t i o n dose to the body . With s o m e o t h e r r o u t e s 
of e n t r a n c e to the body, such a s i n t r a v e n o u s , the i n s u l t would be in f l i c ted to 
two or t h r e e i n t e r n a l o r g a n s beginning a l m o s t i m m e d i a t e l y wi th no " r e s e r 
v o i r " o r g a n such a s lung to d i lu te the a t t a c k . T h i s would c r e a t e a v e r y high 
d o s e r a t e i n i t i a l l y , a f a c t o r t ha t m a y be v e r y r a d i o b i o l o g i c a l l y i m p o r t a n t . 
The s low m i g r a t i o n f r o m lung to the i n t e r n a l o r g a n s l e a d s to a g r a d u a l b u i l d 
up and s i m u l t a n e o u s con t inuous l o s s f r o m the t i s s u e s of l o c a l i z a t i o n , thus in 
m o s t c a s e s , n e v e r sub jec t ing the i n t e r n a l o r g a n s to the l a r g e r d o s e r a t e s . 
Such i n t e r a c t i o n b e t w e e n lung and r a d i o n u c l i d e s t r a n s l o c a t e d to o t h e r o r g a n s 
h a s y e t to be d e m o n s t r a t e d e x p e r i m e n t a l l y to be l e s s h a z a r d o u s , and is no 
doubt d e p e n d e n t upon the c h e m i c a l p r o p e r t i e s and p h y s i c a l h a l f - l i v e s of the 
m a t e r i a l s i nvo lved . It would a p p e a r , h o w e v e r , t ha t the i n h a l a t i o n r o u t e in 
t h i s r e s p e c t i s s o m e w h a t f a v o r e d in r e g a r d to be ing l e s s h a z a r d o u s for a 
g iven a m o u n t of r a d i o n u c l i d e - c o n t a i n i n g m a t e r i a l e n t e r i n g the pvi lmonary 
s p a c e s a s c o m p a r e d to s o m e o t h e r r o u t e . 

T r a n s l o c a t i o n to L y m p h N o d e s : 

Da ta a r e a v a i l a b l e f r o m m a n y s o u r c e s t ha t i n d i c a t e a g r a d u a l c o n c e n t r a 
t ion of a p o t e n t i a l l y toxic p a r t i c u l a t e s u b s t a n c e in t r a c h e o b r o n c h i a l l y m p h 
n o d e s fol lowing i t s e n t r a n c e to the lung , ^ In m o s t i n s t a n c e s , the c o n c e n t r a 
t ion ( q u a n t i t y / g r a m t i s s u e ) in t h e s e r e g i o n a l nodes s u r p a s s e s t ha t in lung a t 
about 100 days p o s t - c o m m e n c e m e n t of e x p o s u r e , r e g a r d l e s s of w h e t h e r t h i s 
be s ingle ( a c u t e ) o r c h r o n i c ( r e p e a t e d ) i nha l a t ion e x p o s u r e ( F i g , 1 ) , The 
m a t e r i a l m i g r a t e d to the n o d e s a p p e a r s to be in p a r t i c u l a t e f o r m , a t l e a s t a s 
c a n be d i s c e r n e d h i s t o l o g i c a l l y and a u t o r a d i o g r a p h i c a l l y , depend ing upon the 
r a d i o n u c l i d e and q u a n t i t i e s invo lved , o L a r g e a c c u m u l a t i o n s of the p a r t i c u l a t e 
m a t e r i a l m a y o c c u r in the m e d u l l a r y a r e a s , wi th l i t t l e o r no a c c u m u l a t i o n 
n e a r the m o r e p e r i p h e r a l g e r m i n a l c e n t e r s of the c o r t e x . With a lpha p a r t i c l e 
e m i t t e r s , the p a r t i c l e a p p e a r s to be l o c a l i z e d s u c h tha t the ion iz ing t r a c k 
l eng th wi l l no t p e r m i t a r e l e a s e of l a r g e a m o u n t s (if a n y ) of r a d i a t i o n e n e r g y 
to the g e r m i n a l s i t e s w h e r e l y m p h o c y t e p r o d u c t i o n i s m a n i f e s t e d . T h u s , 
l a r g e a c c u m u l a t i o n s of a l p h a - e m i t t i n g r a d i o n u c l i d e s in t h e s e n o d e s t end to 
i r r a d i a t e the n u t r i e n t supp ly to the node ( s h u t off the c i r c u l a t i o n ) , m a k i n g i t 
devoid of funct ion a f t e r an ex tended p e r i o d of t i m e , but a p p e a r to a c t only to a 
m i n o r d e g r e e d i r e c t l y on the c o r t i c a l t i s s u e , p e r s e . The l o s s of nodal m a t e 
r i a l u n d e r t h e s e c o n d i t i o n s d o e s not a p p e a r to be of g r a v e c o n s e q u e n c e to the 
body in c a s e s t ha t have b e e n e x p e r i m e n t a l l y o b s e r v e d . " In a l o n g - t e r m s tudy 
involving i n h a l a t i o n by B e a g l e dogs of the a l p h a - e m i t t e r '^- '"Pu, l a r g e a c c u 
m u l a t i o n s of the nuc l ide w e r e found in the p u l m o n a r y l y m p h n o d e s . ' In no 
c a s e w a s t h e r e found a p r i m a r y t u m o r in the l y m p h a t i c t i s s u e of the n o d e s , 
bu t t h r e e c a s e s of p r i m a r y l e s i o n s of endo the l i a l o r i g i n w e r e r e p o r t e d . With 
be t a p a r t i c l e e m i t t e r s the l eng th of the ion iz ing pa th i s l o n g e r , and the ex ten t 
( r a n g e ) of d a m a g e i s t h e r e f o r e g r e a t e r . No p r i m a r y t u m o r s in the p u l m o n a r y 
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F i g , 1, L y m p h node to lung c o n c e n t r a t i o n r a t i o s fol lowing inha l a t ion of v a r i 
ous r a d i o n u c l i d e s by B e a g l e d o g s . The to t a l n u m b e r of po in t s (168) w e r e 
s e g r e g a t e d into g r o u p s of 24 and s t a n d a r d d e v i a t i o n s ( S. D. ) c a l c u l a t e d . Al l 
po in t s ou t s ide ± 1 S, D. w e r e e l i m i n a t e d f r o m e a c h g r o u p , a new m e a n and 
S. D. w e r e c a l c u l a t e d , and p l o t t e d , a s shown. The t i m e i n t e r v a l s spanning 
c o l l e c t i o n of e a c h g r o u p of 24 po in t s a r e shown, with the m e a n being p lo t t ed a t 
the a v e r a g e t i m e for the i n t e r v a l . A l l d e t a i l s c o n c e r n i n g the indiv idua l e x 
p e r i m e n t s a r e r e p o r t e d e l s e w h e r e . 5 

l y m p h n o d e s have b e e n r e p o r t e d , h o w e v e r , fol lowing i nha l a t i on of t h e s e type 
of e m i t t e r s . It i s a s though t h e s e n o d e s w e r e a n a t o m i c a l l y p l aced and p h y s i 
o log ica l ly d e v i s e d to " c l e a n - u p " the m o r e s e n s i t i v e lung t i s s u e and t o , once 
aga in and e m p h a t i c a l l y , a c t a s a m e a n s of e f fec t ive ly r e d u c i n g the r a d i a t i o n 
h a z a r d fol lowing i n h a l a t i o n . 
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Therapy 

The use of chelating (and other) agents to rel ieve the body of deposited 
radionuclides has been in pract ice for y e a r s ; an excellent review has recently 
been published. 8 These chemicals have been used effectively to remove c a 
tions from bone, in par t icu lar the bone surfaces , and they act quite well for 
ma t e r i a l s such as plutonium if adminis tered soon after the nuclide reaches 
the b loodst ream. The g ross effect is one of increasing by quite sizeable 
amounts the quantity of radionuclide excreted in the ur ine ; the basic fallacy is 
that the total reduction in internally deposited radionuclide is quite negligible. 
Following the inhalation route , however, there has been considerable recent 
evidence of significant reduction in lung burdens of radionuclide-containing 
par t ic les by pulmonary lavage. 9 Through the p rocess of flushing out the deep 
lung, al ternat ing sides a t in tervals of a few days, as much as 50% of an in i 
tial lung burden may be removed. This is an order of magnitude better than 
the use of chemical agents such as che la tors , in removing mate r i a l s that may 
have been deposited internally by another route . In addition, for that m a t e r i 
al that leaves the pulmonary spaces for deposit in in ternal organs , as de 
scr ibed ea r l i e r , one can a lso use the chelating agents quite effectively. The 
combined effect of lung washing (lavage) and DTPA (adminis tered in the 
lavage fluid) has been recent ly descr ibed following the inhalation of relat ively 
soluble 144(3eCl3, and the combination produced a "one-two" punch for r e 
moval of the inhaled cation. '•^ When this combined t rea tment was used for an 
insoluble form of the same cation in fused clay pa r t i c les , however, the DTPA 
appeared to be of little ass i s tance in reducing the lung burden. ^'^ The lung 
washing technique may enhance entrance to the blood as well as performing 
its actual physical removal . The intravenous chelator then enhances e x c r e 
tion by sequester ing the radionuclide as it en ters the circulat ion. 

The gross appearance from the inhalation route of entry is one of en
couragement with regard to the ability to remove substantial quantities of de 
posited par t i cu la tes . The fact that therapeutic removal of radioactive 
par t i c les from the lung following inhalation can be accomplished to a degree , 
is an important factor in a s sess ing relat ive radiological hazards as a function 
of route of entry to the body. 
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LES P R O B L E M E S DE P R O T E C T I O N SOULEVES PAR LES 
RAYONNEMENTS NON IONISANTS 

H. J A M M E T 
C o m m i s s a r i a t a I ' E n e r g i e A t o m i q u e 

D e p a r t e m e n t de P r o t e c t i o n 
F o n t e n a y - a u x - R o s e s ( F r a n c e ) 

A b s t r a c t 

C o n s i d e r i n g the g rowing u t i l i z a t i o n of non ion iz ing r a d i a t i o n and the 
s p r e a d i n g d a n g e r f r o m w o r k e r s to the g e n e r a l popula t ion , the n a t u r e , s o u r c e s 
and cond i t ions of e x p o s u r e to n o n - i o n i z i n g r a d i a t i o n s , t h e i r i n t e r a c t i o n with 
m a t t e r , t h e i r b i o l o g i c a l and p a t h o l o g i c a l ef fects a r e r e v i e w e d and the p r e s e n t 
s i t ua t i on of p r o t e c t i o n a s to r e g u l a t i o n s , o p e r a t i o n a l p r i n c i p l e s , and 
m o n i t o r i n g i s d i s c u s s e d a t t he i n t e r n a t i o n a l and na t iona l l e v e l s . 

I n t r o d u c t i o n 

Le C o m i t e Sc ien t i f ique du c o n g r e s m ' a fait I ' honneur de m e d e m a n d e r 
de vous e x p o s e r l e s p r o b l e m e s de p r o t e c t i o n p o s e s p a r l e s r a y o n n e m e n t s n o n -
i o n i s a n t s . C ' e s t la p r e m i e r e f o i s , je c r o i s , qu 'une O r g a n i s a t i o n I n t e r n a t i o n a l e 
de P r o t e c t i o n Rad io log ique i n s c r i t ce su je t dans s e s p r e o c c u p a t i o n s . 

J u s q u ' a p r e s e n t l e s r a y o n n e m e n t s i o n i s a n t s a v a i e n t a c c a p a r e l e u r 
a t t e n t i o n tou te e n t i e r e , C e p e n d a n t l e s r a y o n n e m e n t s n o n - i o n i s a n t s m e r i t e n t 
qu 'on e x a m i n e a t t e n t i v e m e n t l e s p r o b l e m e s de p r o t e c t i o n qu ' i l s posen t e t an t 
donne la p u i s s a n c e de c e r t a i n s g e n e r a t e u r s , l e d e v e l o p p e m e n t de l e u r u t i l i s a 
t ion e t I ' e x t e n s i o n des d a n g e r s du d o m a i n e p r o f e s s i o n n e l au doma ine pub l i c . 
C e r t a i n s p a y s , t e l s l e s USA et I 'URSS, ont n o t a b l e m e n t a v a n c e dans ce d o m a i 
n e , l a C o m m u n a u t e E c o n o m i q u e E u r o p e e n n e s ' e n p r e o c c u p e et 1 'Organ isa t ion 
Mondia le de la Sante a c r e e d e s g r o u p e s de t r a v a i l pour e t u d i e r c e s p r o b l e m e s , 
J e v a i s t e n t e r de f a i r e le poin t s u r la s i t ua t i on a c t u e l l e , en m ' e f f o r c a n t de 
g a r d e r le j u s t e m i l i e u devan t un a u d i t o i r e h e t e r o g e n e c o m p r e n a n t d ' e m i n e n t s 
s p e c i a l i s t e s de la ques t i on , m a i s a u s s i beaucoup de p e r s o n n e s peu f a m i l i a r i -
s e e s , J e m ' e x c u s e done a u p r e s d e c e r t a i n s d e s r a p p e l s g e n e r a u x que m o n 
e x p o s e c o m p o r t e r a o b l i g a t o i r e m e n t . Nous e x a m i n e r o n s s u c c e s s i v e m e n t la 
n a t u r e , l e s s o u r c e s e t l e s m o d a l i t e s d ' i r r a d i a t i o n des r a y o n n e m e n t s non 
i o n i s a n t s , l e u r i n t e r a c t i o n a v e c la m a t i e r e , l e u r s effets b io log iques et p a t h o -
l o g i q u e s , l e s m e s u r e s de p r o t e c t i o n c o n c e r n a n t la r e g l e m e n t a t i o n , la p r e v e n 
t ion e t la s u r v e i l l a n c e . 
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N a t u r e phys ique 

L e s r a y o n n e m e n t s non i o n i s a n t s s e c a r a c t e r i s e n t p a r le fa i t que l e u r 
i n t e r a c t i o n a v e c la m a t i e r e n ' e n g e n d r e p a s d ' i o n i s a t i o n . 

Nous n ' e t u d i e r o n s dans l e p r e s e n t r a p p o r t que l e s r a y o n n e m e n t s e l e c -
t r o m a g n e t i q u e s non i o n i s a n t s avec p a r f o i s l e u r c o m p a r a i s o n avec l e s r a y o n n e 
m e n t s e l e c t r o m a g n e t i q u e s i o n i s a n t s . 

L e s p e c t r e d e s ondes e l e c t r o m a g n e t i q u e s e s t i l l u s t r e p a r l a f igure I . 
II va d e s r a y o n s g a m m a e t d e s r a y o n s X u l t r a - d u r s aux ondes r a d i o de g r a n d e 
l o n g u e u r d ' o n d e . C o m p t e - t e n u de I ' e n e r g i e d e s photons e t du m o d e d ' i n t e r a c -
t ion a v e c l a m a t i e r e , i l e s t p o s s i b l e de d i s t i n g u e r p l u s i e u r s zones s p e c t r a l e s 
dont l e s f r o n t i e r e s ne son t pas d e l i m i t e e s avec n e t t e t e . 

L a s e r s . En o u t r e , une a u t r e c a t e g o r i e de r a y o n n e m e n t s e l e c t r o m a g n e t i q u e s 
m e r i t e une m e n t i o n p a r t i c u l i e r e : l e s l a s e r s et l e s m a s e r s . II s ' a g i t de r a y o n 
n e m e n t s e l e c t r o m a g n e t i q u e s c o h e r e n t s d a n s le d o m a i n e d e s l o n g u e u r s d 'onde 
de I ' u l t r a - v i o l e t a I ' i n f r a - r o u g e pou r l e s l a s e r s , d e s m i c r o - o n d e s pour l e s 
m a s e r s . 

L e s l a s e r s son t d e s e m e t t e u r s de f a i s c e a u x de l u m i e r e f o r t e m e n t c o l -
l i m a t e s dont l a d e n s i t e d ' e n e r g i e e t l a d e n s i t e de p u i s s a n c e peuven t e t r e 
c o n s i d e r a b l e s . C e s f a i s c e a u x l u m i n e u x sont c o h e r e n t s a l a fois d a n s I ' e s p a c e 
e t dans le t e m p s , l i s son t m o n o c h r o m a t i q u e s , l e s g a m m e s d ' e m i s s i o n a l l a n t 
de I ' u l t r a - v i o l e t a I ' i n f r a - r o u g e en p a s s a n t p a r le d o m a i n e du v i s i b l e . 

Unite's 

L e s u n i t e s u t i l i s e e s en p r o t e c t i o n c o n t r e l e s r a y o n n e m e n t s non 
i o n i s a n t s sont de n a t u r e t r e s d i f f e ren te de c e l l e s u t i l i s e e s pou r l e s r a y o n n e 
m e n t s i o n i s a n t s . P o u r c e s d e r n i e r s on e m p l o i e d e s un i t e s d ' e x p o s i t i o n 
(Roentgen) e t d e s u n i t e s de d o s e a b s o r b e e d a n s l a m a t i e r e ( rad) ; l e r a d e s t 
e x p r i m e en J o u l e p a r g r a m m e de m a t i e r e . P o u r l e s r a y o n n e m e n t s non 
i o n i s a n t s on e m p l o i e d e s d e n s i t e s d ' e n e r g i e en j / c m ^ ou d e s d e n s i t e s de p u i s 
s a n c e en w / c m 2 ; H s ' a g i t done d ' e n e r g i e p a s s a n t a u t r a v e r s d 'une s u r f a c e 
e t non d i s s i p e e d a n s un v o l u m e ou une m a s s e . II en r e s u l t e que l e s r e l a t i o n s 
d o s e - e f f e t , d ' u n e p a r t , e t l e s n o r m e s r e g l e m e n t a i r e s d ' a u t r e p a r t , son t 
d i f f i c i l ement c o m p a r a b l e s e n t r e r a y o n n e m e n t s non i o n i s a n t s et r a y o n n e m e n t s 
i o n i s a n t s . 

L e s s o u r c e s de r a y o n n e m e n t s non i o n i s a n t s 

L e s s o u r c e s de r a y o n n e m e n t s non i o n i s a n t s sont t r e s d i v e r s e s et 
do iven t e t r e e t u d i e e s s e p a r e m e n t pour chacun d ' e u x . 

L u m i e r e v i s i b l e - U l t r a - v i o l e t - I n f r a - r o u g e . L a s o u r c e p r i n c i p a l e de l u m i e r e 
v i s i b l e , d ' u l t r a - v i o l e t e t d ' i n f r a - r o u g e e s t l e r a y o n n e m e n t s o l a i r e , L e s g e n e 
r a t e u r s a r t i f i c i e l s de r a y o n n e m e n t u l t r a - v i o l e t son t e s s e n t i e l l e m e n t c o n s t i t u e s 
p a r des t ubes a u s e i n d e s q u e l s on p r o d u i t d e s d e c h a r g e s e l e c t r i q u e s dans un 
g a z . L e s s o u r c e s a r t i f i c i e l l e s de r a y o n n e m e n t i n f r a - r o u g e sont c o n s t i t u e e s 
p a r des m a t e r i a u x ayan t a t t e i n t une t e m p e r a t u r e su f f i s an t e . 
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Micro-ondes . Un generateur de micro-ondes est constitue par : 
- le generateur proprement dit qui c r ee un rayonnement electromagnetique 
par deplacement d 'e lectrons dans des champs electr iques et magnetiques 
combines. Suivant la frequence et la puissance des i ree on utilise des tubes 
electroniques, des magnetrons ou des k l i s t rons . 
- un organe de t ransmiss ion constitue par une ligne bifilaire, un cable coaxial 
ou un guide d'onde. 
- une antenne d 'emiss ion (radar) ou une cavite (four). 

L a s e r s . L'effet l a se r est obtenu en stimulant le retour a I 'etat normal d'un 
cer ta in nombre d 'atomes qui ont une population d 'electrons prealablement 
inversee de leur niveau atomique. Le l a s e r amplifie et coordonne ce re tour . 
Pour met t re en oeuvre l'effet l a s e r , il faut disposer : 
- d'un mater ie l atomique dont la population electronique peut e t re inversee , 
- d'un moyen d ' inverser cette population, 
- d'un moyen de s t imuler le re tour a I 'e tat normal a I 'aide d'un resonnateur 
optique. 

La duree de I ' impulsion l ase r depend essentiel lement du mode de fonc-
tionnement : 
- l a s e r s a fonctionnement continu, 
- l a s e r s a impulsion normale (duree d' impulsion d'environ 1 milliseconde), 
- l a s e r s declenches ou a impulsion geante (duree d'impulsion d'environ 1 
nanoseconde). 

Les l a s e r s a impulsion atteignent de grandes puissances dans des 
temps necessa i r emen t t r e s cour ts , surtout lorsqu ' i l s fonctionnent " en de -
clenche" (exemple : le gigawatt en moins de 30 nanosecondes). Les l a s e r s a 
fonctionnement continu emettent des rayonnements allant de quelques mi l l i 
watts a 500 watts . 

Du point de vue technologique on distingue : les l a s e r s a c r i s ta l , les 
l a s e r s a gaz, les l a s e r s a semi-conducteurs , les l a se r s a liquide. 

Modalites d ' i r radia t ion 

Les modalites d ' i r radia t ion par des rayonnements non ionisants sont 
ext remement d iverses tant par leur nature que par leur importance re la t ive . 

Elles tiennent tout d 'abord a la production de ces rayonnements soit 
dans le milieu nature l , soit dans les activites humaines, Les applications des 
rayonnements non ionisants sont en effet scientifiques, industr ie l les , mi l i -
t a i r e s , medica les , domest iques . Les personnes exposees peuvent e t re 
c lassees en t ro is categories principales : 
- les t r ava i l l eu rs , 
- le public, 
- les patients ( irradiat ion medicale) , 

Lumiere vis ible . Les modalites d ' i r radia t ion par la lumiere visible sont t rop 
communes pour qu'i l soit neces sa i r e de les rappe le r . 

Ultra-violet . En milieu professionnel, une exposition peut survenir dans les 
cas suivants : 
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1. R a y o n n e m e n t s u l t r a - v i o l e t s s o l a i r e s : t r a v a u x de m a g o n n e r i e , c o n s t r u c t i o n 
d e s r o u t e s , t r a v a u x a g r i c o l e s , t r a v a u x en m e r (peche) , t r a v a u x en hau t e 
m o n t a g n e . 

2 . R a y o n n e m e n t s u l t r a - v i o l e t s a r t i f i c i e l s : f a b r i c a t i o n du v e r r e , s i d e r u r g i e 
e t c o u l e e , m e t a l l u r g i e ( l a m i n a g e ) , c o n t r o l e d e s m o u l e s m e t a l l i q u e s , t r a v a u x 
de soudage e t de d e c o u p a g e a I ' a r c , f a b r i c a t i o n de m a n c h o n s a i n c a n d e s c e n c e , 
f a b r i c a t i o n e t c o n t r o l e de l a m p e s a u l t r a - v i o l e t s e t de t ubes a d e c h a r g e s , 
l i t h o g r a p h i c , i r r a d i a t i o n d e s d e n r e e s a l i m e n t a i r e s , d e s m e d i c a m e n t s e t du 
t a b a c , 

r ' a n s le d o m a i n e pub l i c , I ' i r r a d i a t i o n s o l a i r e e s t e s s e n t i e l l e m e n t l i e e 
aux l o i s i r s , I ' i r r a d i a t i o n a r t i f i c i e l l e au b r o n z a g e e s t h e t i q u e . 

Dans l e d o m a i n e m e d i c a l , I ' i r r a d i a t i o n u l t r a - v i o l e t t e e s t due a un 
c e r t a i n n o m b r e de t r a i t e m e n t s p h o t o t h e r a p i q u e s . 

I n f r a - r o u g e . L a s u r e x p o s i t i o n p r o f e s s i o n n e l l e aux r a y o n n e m e n t s i n f r a - r o u g e s 
m e n a c e l e s p e r s o n n e s qui t r a v a i l l e n t d a n s le v o i s i n a g e d e s f ou r s ou s u r des 
c o r p s ou ob je t s p o r t e s a h a u t e t e m p e r a t u r e . 

L ' i r r a d i a t i o n du publ ic e s t e s s e n t i e l l e m e n t l i e e a I ' u t i l i s a t i o n d e s 
a p p a r e i l s de chauf fage , I ' i r r a d i a t i o n m e d i c a l e a c e r t a i n e s m e t h o d e s de 
t h e r m o - t h e r a p i e . 

M i c r o - o n d e s . Un r i s q u e d ' e x p o s i t i o n a des d o s e s c o n s i d e r e e s c o m m e s u p e -
r i e u r e s pour I ' a b s o r p t i o n d ' une c e r t a i n e d o s e d ' e n e r g i e aux n i v e a u x t o l e r a b l e s 
pou r I ' o r g a n i s m e h u m a i n ou p a r t i e l l e e s t a s i g n a l e r d a n s l e s p r o f e s s i o n s 
s u i v a n t e s : p e r s o n n e l vo lan t ou p e r s o n n e l au so l des a e r o d r o m e s ; p e r s o n n e l 
m a r i t i m e ; m e c a n i c i e n r a d a r e t p e r s o n n e l d ' exp lo i t a t i on d e s s t a t i o n s r a d a r ; 
p e r s o n n e l t r a v a i l l a n t d a n s l e s s t a t i o n s a e r o s p a t i a l e s ; p e r s o n n e l expose 
a u t o u r de fou r s a h a u t e f r e q u e n c e ; p e r s o n n e l t r a v a i l l a n t avec d e s m a s e r s ; 
p e r s o n n e s u t i l i s a n t d e s a p p a r e i l s m e d i c a u x a m i c r o - o n d e s ; p e r s o n n e s a f f e c -
t e e s au c o n t r S l e d e s c h a m p s de m i c r o - o n d e s ; p e r s o n n e s u t i l i s a n t des fou r s a 
m i c r o - o n d e s ( c u i s i n e s ) ; p e r s o n n e s p r e p o s ^ e s a l a s t e r i l i s a t i o n d e s d e n r e e s 
a l i m e n t a i r e s e t d e s p r o d u i t s p h a r m a c e u t i q u e s ; t r a v a i l l e u r s du bo i s c o n t r e -
p l a q u e . 

L ' i r r a d i a t i o n du publ ic r e v e t deux m o d a l i t e s e s s e n t i e l l e s : 
- un c e r t a i n n o m b r e de p e r s o n n e s peuven t e t r e e x p o s e e s so i t du fai t de l e u r 
l o g e m e n t , so i t du fai t de l e u r p a s s a g e aux r a y o n n e m e n t s e m i s p a r d e s s o u r c e s 
p u i s s a n t e s ( r a d a r ) ; 
- d ' a u t r e p a r t , un n o m b r e de p lus en p lus g r a n d de f o y e r s d o m e s t i q u e s sont 
equ ipes avec d e s f o u r s c u l i n a i r e s a m i c r o - o n d e s dont l e s r i s q u e s d ' i r r a d i a t i o n 
en f o n c t i o n n e m e n t n o r m a l ou a n o r m a l ne son t p a s n e g l i g e a b l e s . 

L ' i r r a d i a t i o n m e d i c a l e e s t e s s e n t i e l l e m e n t due au t r a i t e m e n t s d i a t h e r -
m i q u e s . 

Ondes r a d i o . Dans le d o m a i n e p r o f e s s i o n n e l , l e s p e r s o n n e s e x p o s e e s a p p a r -
t i e n n e n t aux t e c h n i c i e n s de la r a d i o , de l a t e l e v i s i o n et de c e r t a i n e s a p p l i c a 
t ions i n d u s t r i e l l e s . 
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L e publ ic d ' une fagon g e n e r a l e e s t s o u m i s au c h a m p d ' ondes r a d i o a 
d e s n iveaux fa ib les sauf au v o i s i n a g e d e s e m e t t e u r s p u i s s a n t s , 

Dans le d o m a i n e m e d i c a l , I ' i r r a d i a t i o n p a r ondes c o u r t e s e s t une 
m o d a l i t e de l a d i a t h e r m i e . 

L a s e r s . Le l a s e r p e r m e t de c o n c e n t r e r dans un t r e s pe t i t v o l u m e une p u i s 
s a n c e e l e c t r o m a g n e t i q u e c o n s i d e r a b l e e t d ' o b t e n i r des t e m p e r a t u r e s e x t r e m e 
m e n t e l e v e e s c a p a b l e s de f a i r e fondre tous l e s m a t e r i a u x m e m e l e s plus 
r e f r a c t a i r e s ou de d e t r u i r e l e s t i s s u s . C ' e s t pou rquo i d i f fe ren t s t ypes de 
r a y o n n e m e n t l a s e r t r o u v e n t d ' o r e s e t de ja de n o m b r e u s e s u t i l i s a t i o n s : 
- i n d u s t r i e l l e e t t e c h n i q u e : m i c r o - s o u d a g e , m i c r o - u s i n a g e d e s m e t a u x , fo rage 
e t d e c o u p a g e , d e t e r m i n a t i o n de n i v e a u x ci I ' a i d e de r a y o n s c o n d u c t e u r s dans 
le b S t i m e n t , p h o t o c h i m i e , op t ique app l iquee (ho log raph i c ) , m e t r o l o g i e ( p r e c i 
s ion e x t r a o r d i n a i r e d e s t e c h n i q u e s de m e s u r e ) , t e l e m e t r i e ( l idar : a p p a r e i l 
fonc t ionnant s u r le m e m e p r i n c i p e que l e r a d a r et qui p e r m e t des m c s u r e s 
e x t r e m e m e n t p r e c i s e s ) , t e l e c o m m u n i c a t i o n s . 
- r e c h e r c h e s c i e n t i f i q u e . L e l a s e r , en effet, c o n t i n u e r a de p lus en p lus a 
f a i r e I ' ob jc t de n o m b r e u s e s r e c h e r c h e s dans l e s u n i v e r s i t e s et l e s l a b o r a -
t o i r e s . 

Dans l e d o m a i n e publ ic on c o m m e n c e a t r o u v e r des gadgets u t i l i s a n t 
des r a y o n n e m e n t s l a s e r s et m e m e d e s j o u e t s . 

Dans le d o m a i n e m e d i c a l e x i s t e n t des a p p l i c a t i o n s m e d i c o - c h i r u r -
g i c a l e s : i n t e r v e n t i o n s s u r la r e t i n e , d e s t r u c t i o n de t u m e u r s , e tc . , . Le 
r a y o n n e m e n t l a s e r l o r s q u ' i l e s t u t i l i s e , a s s u r e vine c a u t e r i s a t i o n i n s t a n t a n e e 
e t r e a l i s e une e x c e l l e n t e h e m o s t a s e . 

I n t e r a c t i o n d e s r a y o n n e m e n t s e l e c t r o m a g n e t i q u e s avec la m a t i e r e 

L a c o m p r e h e n s i o n des m e c a n i s m e s d ' a c t i o n b io logique des r a y o n n e 
m e n t s non i o n i s a n t s , et d 'une fagon g e n e r a l e d e s r a y o n n e m e n t s e l e c t r o 
m a g n e t i q u e s , e s t d i r e c t e m e n t l i e e a l a p e n e t r a t i o n de ce s r a y o n n e m e n t s dans 
l a m a t i e r e v i v a n t e et a l e u r i n t e r a c t i o n avec e l l e . 

L a p e n e t r a t i o n d e s r a y o n n e m e n t s e l e c t r o m a g n e t i q u e s dans la m a t i e r e 
v i v a n t e e s t fonct ion de l e u r e n e r g i e et p a s s e p a r un m i n i m u m pour l e s r a y o n 
n e m e n t s v i s i b l e s e t v o i s i n s a i n s i que l e m o n t r e la f igure 2 . C e r t e s , des 
d i f f e r e n c e s e x i s t e n t s e l o n l a n a t u r e d e s t i s s u s e t l e s i n t e r f a c e s des o r g a n e s . 
De m e m e , d e s p h e n o m e n e s de diffusion ou de r e s o n a n c e peuven t i n t e r f ^ r e r 
avec l e s s i m p l e s lo i s d ' a b s o r p t i o n . M a i s d 'mie fagon g e n e r a l e des i n t e r a c t i o n s 
a u r o n t t o u j o u r s l i eu d a n s la p e a u , a l o r s que l e s o r g a n e s profonds du c o r p s ne 
s e r o n t i n t e r e s s e s que p a r l e s r a y o n n e m e n t s de g r a n d e e n e r g i e ( ion i san t s ) on 
de g r a n d e l ongueu r d ' onde ( m i c r o - o n d e s et ondes radio). L ' o e i l cons t i t ue un c a s 
p a r t i c u l i e r i n t e r e s s a n t et la f igu re 3 m o n t r e q u ' i l e s t e n t i e r e m e n t t r a v e r s e 
p a r l e s r a y o n n e m e n t s i o n i s a n t s e t l e s m i c r o - o n d e s qu ' i l e s t opaque aux u l t r a 
v i o l e t s c o u r t s e t aux i n f r a r o u g e s longs et q u ' i l c o n c e n t r e s u r la r e t i n e la 
l u m i e r e v i s i b l e , l e s UV et IR v o i s i n s de c e l l e - c i . 

L e s i n t e r a c t i o n s des r a y o n n e m e n t s e l e c t r o m a g n e t i q u e s avec la m a t i e r e 
peuven t i n t e r v e n i r a d i f f e ren t s n i v e a u x des ed i f i ces a t o m i q u e s et m o l e c u l a i r e s . 
De fa^on s c h e m a t i q u e e t c a r i c a t u r a l e , on peut a d m e t t r e en p r e m i e r e 
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a p p r o x i m a t i o n que l e s r a y o n n e m e n t s i o n i s a n t s p e r t u r b e n t l e s ed i f i ce s 
a t o m i q u e s et l e s r a y o n n e m e n t s non i o n i s a n t s l e s ed i f i ces m o l e c u l a i r e s . L e s 
r a y o n n e m e n t s i o n i s a n t s sont s e u l s c a p a b l e s , p a r a b s o r p t i o n dans l a m a t i e r e , 
de f o r m e r d e s e l e c t r o n s s e c o n d a i r e s h a u t e m e n t e n e r g e t i q u e s dont 1 ' ene rg ie 
c ine t i que s ' e p u i s e p a r i o n i s a t i o n et e x c i t a t i o n . L e s r a y o n n e m e n t s non ioni
s a n t s peuven t a g i r a t r o i s n iveat ix d i f f e r en t s : au n iveau d e s e l e c t r o n s o r b i -
t aux e x t e r n e s a t o m i q u e s et m o l e c u l a i r e s a v e c c o r r ^ l a t i v e m e n t d e s r e a c t i o n s 
p h o t o c h i m i q u e s ; au n i v e a u d e s a t o m e s cons t i t u t i f s des m o l e c u l e s c o n s i d e r e e s 
c o m m e u n tout a v e c d e s p h e n o m e n e s de r o t a t i o n . L e s p h e n o m e n e s d e v i b r a 
t i on , de r o t a t i o n e t de d i v e r s e s d e f o r m a t i o n s a b o u t i s s e n t a I ' a g i t a t i o n t h e r -
m i q u e d a n s la m a t i e r e . 

On peu t a jou t e r aux g e n e r a l i t e s p r e c e d e n t e s l e s p a r t i c u l a r i t e s s u i 
v a n t e s c o n c e r n a n t l e s effets b io log iques d e s r a y o n n e m e n t s e l e c t r o m a g n e t i q u e s , 

Effe ts b io log iques 

1. R a y o n s X e t r a y o n s g a m m a ( r a y o n n e m e n t s i o n i s a n t s ) , L ' u n e d e s c a r a c t e -
r i s t i q u e s des r a y o n n e m e n t s ion isa j i t s e s t l a d i s t r i b u t i o n s t o c h a s t i q u e des 
a t o m e s e t molecxi les e x c i t e s e t i o n i s e s d a n s la nna t i e re i r r a d i e e , L e s e x c i t a 
t i ons e l e c t r o n i q u e s a i n s i que l e s i o n i s a t i o n s c o n d u i s e n t a d e s r e a c t i o n s r a d i o -
c h i m i q u e s non s p e c i f i q u e s , C e s r e a c t i o n s non spec i f i ques son t a I ' o r i g i n e de 
r e a c t i o n s b io log iques s e c o n d a i r e s de c a r a c t e r e s g e n e r a l e m e n t l e s i o n n e l . L a 
c h a l e u r d e g a g e e p a r I ' a b s o r p t i o n d e s r a y o n n e m e n t s , a i n s i que l e s e p i p h e n o -
m e n e s t h e r m i q u e s des r e a c t i o n s r a d i o c h i m i q u e s sont s a n s i m p o r t a n c e s u r le 
p l an b i o l o g i q u e . 

2 . R a y o n s u l t r a - v i o l e t s . L e s effets pho tob io log iques des u l t r a - v i o l e t s son t 
xine co j i s equence des r e a c t i o n s p h o t o c h i m i q u e s . La c h a l e u r p rodu i t e p a r 
I ' a b s o r p t i o n d e s r a y o n s u l t r a - v i o l e t s , a i n s i que l e s effets t h e r m i q u e s d e s 
r e a c t i o n s p h o t o c h i m i q u e s son t d 'une i m p o r t a n c e t r e s s e c o n d a i r e s u r le p lan 
b i o l o g i q u e , 

3 . L u m i e r e v i s i b l e , L e s r e a c t i o n s p h o t o c h i m i q u e s sont de fa ib le i m p o r t a n c e 
e t de c a r a c t e r e t r e s spec i f ique (v i s ion , p h o t o s y n t h e s e ) , Chez I ' h o m m e , une 
g r a n d e p a r t i e de I ' e n e r g i e l u m i n e u s e a b s o r b e e p a r la peau s e t r a n s f o r m e en 
c h a l e u r . C 'eSt l a r a i s o n pour l a q u e l l e , d a n s le s p e c t r e de l a l u m i e r e v i s i b l e , 
i l faut c o m p t e r a u s s i b i en a v e c d e s effets b io log iques de c a r a c t e r e spec i f ique 
( t e l s que I ' e b l o u i s s e m e n t e t l a pho tos en s i b i l i s a t i o n ) q u ' a v e c des effets t h e r 
m i q u e s d e type p u r ( b r u l u r e s d e l a p e a u ou de l a r e t i n e ) . 

4 . R a y o n n e m e n t i n f r a - r o u g e , L ' a b s o r p t i o n du r a y o n n e m e n t i n f r a - r o u g e p a r 
un t i s s u b io log ique s e t r a d u i t non p a r une exc i t a t i on e l e c t r o n i q u e m a i s s i m p l e -
m e n t p a r vuie e x c i t a t i o n des n i v e a u x v i b r a t i o n n e l s e t r o t a t i o n n e l s , Au c o u r s 
de c e p r o c e s s u s d ' a b s o r p t i o n , s e u l e I ' e n e r g i e t h e r m i q u e de la s u b s t a n c e 
i r r a d i e e a u g m e n t e . II s ' e n s u i t que l a p r o d u c t i o n de c h a l e u r e s t l e s e u l effet 
b io log ique qui p r o c e d e de c e t t e a b s o r p t i o n , 

5 . M i c r o - o n d e s , L ' a b s o r p t i o n d e s m i c r o - o n d e s peu t se t r a d u i r e p a r I ' e x c i t a -
t ion de q u e l q u e s n i v e a u x v i b r a t i o n n e l s , m a i s ce sont e s s e n t i e l l e m e n t l e s n i 
v e a u x r o t a t i o n n e l s qui s e t r o u v e n t e x c i t e s , De p l u s , c e s c h a m p s de h a u t e 
f r e q u e n c e e n g e n d r e n t d e s c o u r a n t s e l e c t r i q u e s . L ' u n e t I ' a u t r e de c e s effets 
s e t r a d u i s e n t p a r vuie p r o d u c t i o n de c h a l e u r . L ' e f fe t b io log ique e s s e n t i e l de 
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I ' a b s o r p t i o n d e s m i c r o - o n d e s e s t une p r o d u c t i o n de c h a l e u r . L e s effets non 
t h e r m i q u e s n e s e m b l e n t j o u e r qu 'un r o l e a c c e s s o i r e . 

6 . Ondes r a d i o . L ' a b s o r p t i o n a pou r effet de c r e e r dans l e s c e l l u l e s e t t i s s u s 
d e s c o u r a n t s e l e c t r i q u e s qui s e t r a d u i s e n t p a r de l a c h a l e u r . A des f r e q u e n c e s 
i n f e r i e u r e s a e n v i r o n 300 kHz , e t pou r c e r t a i n e s p u i s s a n c e s de c h a m p e l e c -
t r i q u e , l e s c e l l u l e s e t l e s t i s s u s peuven t s u b i r une c e r t a i n e exc i t a t ion e l e c -
t r i q u e , s a n s que c e t t e e x c i t a t i o n s ' a c c o m p a g n e d ' a u t r e s e f fe t s . 

7 . L a s e r s , Le r a y o n n e m e n t l a s e r a une t r i p l e a c t i o n b io logique : 
- effet t h e r m i q u e . L 'e f fe t t h e r m i q u e depend du type e t de la p u i s s a n c e du 
l a s e r e t de l a s t r u c t u r e de I ' e c h a n t i l l o n b io log ique e x p o s e . En p a r t i c u l i e r , 
I ' h e t e r o g e n e i t e d e s m i l i e u x b io log iques peu t e n t r a f n e r une d i s t r i b u t i o n t h e r 
m i q u e i r r e g u l i e r e e t c e r t a i n e s d i f f e r e n c e s d ' a c t i o n s e l o n la n a t u r e du t i s s u . 
- effet e l e c t r i q u e . Le f a i s c e a u l a s e r p e r t u r b e le c o r t e g e e l e c t r o n i q u e des 
a t o m e s de la m a t i e r e i r r a d i e e . II s ' e n s u i t des p e r t u r b a t i o n s qui peuven t e t r e 
a I ' o r i g i n e de d i v e r s effets c h i m i q u e s qu i , a l e u r t o u r , p o u r r o n t a v o i r des 
c o n s e q u e n c e s b i o l o g i q u e s , 
- effet m e c a n i q u e . L e f a i s c e a u l a s e r indu i t dans le m i l i e u q u ' i l t r a v e r s e des 
phonons (le phonon e s t l a quan t i t e e l e m e n t a i r e d ' e n e r g i e e l a s t i que ) s t i m u l e s 
t r a n s p o r t a n t une e n e r g i e t r e s g r a n d e qu 'on a p p e l l e h y p e r s o n s , Ces h y p e r s o n s 
s e r a i e n t a I ' o r i g i n e d e s effets l e s i o n n e l s o b s e r v e s non pas au point d ' i m p a c t 
du r a y o n n e m e n t l a s e r s u r l e t i s s u m a i s a son po in t d ' e m e r g e n c e , 

L e s d o m m a g e s r a d i o p a t h o l o g i q u e s 

A p r e s a v o i r e t u d i e r l e s m e c a n i s m e s d ' a c t i o n b io logique d e s r a y o n n e 
m e n t s non i o n i s a n t s , i l conv i en t d ' e n v i s a g e r l e s d o m m a g e s qu ' i l s peuvent 
e n g e n d r e r . 

1. U l t r a - v i o l e t s , Une s u r e x p o s i t i o n aux r a y o n s xxl t ra-viole ts s e t r a d u i t p a r 
d e s l e s i o n s a c a r a c t e r e a igu ou c h r o n i q u e , P a r m i l e s l e s i o n s a iguSs , c i tons 
l e s coups de s o l e i l a i n s i que I ' e r y t h e m e a c t i n i q u e . La s u r e x p o s i t i o n aux 
r a y o n s u l t r a - v i o l e t s e s t s u s c e p t i b l e de p r o v o q u e r une k e r a t o - c o n j o n c t i v i t e 
d o u l o u r e u s e dont la g u e r i s o n e s t c e p e n d a n t r a p i d e e t s a n s s e q u e l l e s . A p r e s 
u n e expos i t i on p r o l o n g e e ou r e p e t e e , d e s mod i f i c a t i ons c u t a n e e s i r r e v e r s i b l e s 
son t s u s c e p t i b l e s de s e p r o d u i r e . L a p e a u dev i en t b r u n e et s e c h e , e l le s e r i d e 
e t p e r d de son e l a s t i c i t e . E n s o i , i l ne s ' a g i t que d 'a f fec t ion ben igne , C e p e n 
dan t , s u r c e t t e d e r m a t o s e peuven t s e g r e f f e r d e s e p i t h e l i o m a s e t des k e r a 
t o s e s s e n i l e s , I I e s t connu que l e s r a y o n n e m e n t s u l t r a - v i o l e t s peuvent e n g e n 
d r e r , a long t e r m e , d e s c a n c e r s c u t a n e s , Ma i s l e s r e l a t i o n s " d o s e - e f f e t " sont 
m a l e t a b l i e s en ce t t e m a t i e r e . 

2 . L u m i e r e v i s i b l e , L e s effets de la l u m i e r e v i s i b l e s u r I ' o r g a n i s m e sont 
a n a l o g u e s a c e u x d e s r a y o n n e m e n t s u l t r a - v i o l e t s . En o u t r e , une expos i t ion 
p ro longee equ ivau t a u n e expos i t i on a l a c h a l e u r . Enfin , l e s effets c a t a r a c t o -
genes d 'une t e l l e expos i t i on sont loin d ' e t r e n e g l i g e a b l e s . 

3 . I n f r a - r o u g e s . E t a n t donne l a fa ib le p e n e t r a t i o n , l es s e u l s o r g a n e s a pouvoi r 
e t r e a t t e i n t s chez I ' h o m m e son t la peau e t l e s y e u x . Selon l a d e n s i t e du flux 
e n e r g e t i q u e du r a y o n n e m e n t i n f r a - r o u g e a b s o r b e p a r la peau , on c o n s t a t e so i t 
une l e g e r e h y p e r t h e r m i e l o c a l e , so i t une h y p e r t h e r m i e g e n e r a l i s e e plus ou 
m o i n s g r a v e , s o i t d e s b r u l u r e s . La l e s i o n c l a s s i q u e de l ' o e i l , en d e h o r s d e s 
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b r u l u r e s de c a r a c t e r e a igu , e s t l a c a t a r a c t e . 

4 . M i c r o - o n d e s . L e s m i c r o - o n d e s son t a b s o r b e e s p a r I ' o r g a n i s m e . L ' e n e r g i e 
a b s o r b e e e s t e n t i e r e m e n t c o n v e r t i e en c h a l e u r . L ' a u g m e n t a t i o n de la t e m p e 
r a t u r e en un point donne de I ' o r g a n i s m e h u m a i n depend : 
- de l a quan t i t e d ' e n e r g i e des m i c r o - o n d e s a b s o r b e e , 
- de l a conduc t ib i l i t e t h e r m i q u e du t i s s u a i n s i que du t r a n s p o r t t h e r m i q u e p a r 
I ' i n t e r m e d i a i r e du c o u r a n t s a n g u i n . 

L e s effets p h y s i o l o g i q u e s et pa tho log iques sont une c o n s e q u e n c e de 
1 ' augmenta t ion l o c a l e de la t e m p e r a t u r e e t de la c h a r g e t h e r m i q u e de 1'en
s e m b l e de I ' o r g a n i s m e (effet t h e r m i q u e ) , C ' e s t l a r a i s o n pour l a q u e l l e , pour 
de f o r t e s d e n s i t e s de flux, i l peu t s e p r o d u i r e l o c a l e m e n t d e s echau f f emen t s 
ou d e s b r u l u r e s , p a r e x e m p l e au n i v e a u de l a peau ou d e s t i s s u s s o u s - j a c e n t s , 
E t a n t donne I ' a b s e n c e de v a s c u l a r i s a t i o n du c r i s t a l l i n , 1 ' augmenta t ion de 
t e m p e r a t u r e dans l e c r i s t a l l i n peut d e v e n i r s u f f i s a m m e n t g r a n d e pour p r o v o 
q u e r l e p lus souven t e t a p r e s un c e r t a i n d e l a i , 1 'opaci f ica t ion du c r i s t a l l i n , 
Une a u g m e n t a t i o n de l a t e m p e r a t u r e dans de g r a n d e s r e g i o n s de I ' o r g a n i s m e 
h u m a i n condui t a une h y p e r t h e r m i e qui peu t e t r e l e t a l e . 

En d e h o r s d e s effets t h e r m i q u e s qui e n t r a f n e n t d e s l e s i o n s a n a t o -
m i q u e s , c e r t a i n s (eco le r u s s e en p a r t i c u l i e r ) e n v i s a g e n t des effets non t h e r 
m i q u e s , L ' i n t e r p r e t a t i o n pa thogen ique e s t d e l i c a t e e t c o m p l e x e ; e l l e m e t en 
c a u s e I ' a c t i o n d i r e c t e d e s c h a m p s e l e c t r o m a g n e t i q u e s e t en p a r t i c u l i e r , d e s 
c h a m p s m a g n e t i q u e s v a r i a b l e s s u r l a m a t i e r e v i v a n t e , Des s u j e t s e x p o s e s a 
de f a ib le s i n t e n s i t e s , ont p r e s e n t e d e s t r o u b l e s de type fonc t ionne l : 
- t r o u b l e s n e u r o - v e g e t a t i f s : f a t i gab i l i t e ; h y p e r s u d a t i o n ; s o m n o l e n c e (ou 
i n s o m n i e ) ; c e p h a l e e ; t r o u b l e s s e n s o r i e l s ( v i s u e l s ou aud i t i f s ) ; i n s t a b i l i t e 
e m o t i o n n e l l e ; h y p e r e x c i t a b i l i t e n e u r o m u s c u l a i r e ; p e r t e d ' a p p e t i t , n a u s e e s ; 
t r o u b l e s du r y t h m e c a r d i a q u e , c r i s e s v a g o t o n i q u e s ; e t a t l i p o t h y m i q u e , 
i n s t a b i l i t e t e n s i o n n e l l e . 
- t r o u b l e s e n d r o c i n i e n s : def ic i t s u r r e n a l i e n ; hyper fonc t ionnemient thyro i 'd ien . 
- m o d i f i c a t i o n s sa j iguines : i o n i q u e s ; e l e c t r o p h o r e t i q u e s ; cy to log iques -
a n e m i e , l y m p h o p e n i e , p o l y n u c l e o s e - c o a g u l a b i l i t e s angu ine e t r e s i s t a n c e 
g l o b u l a i r e , r a r e m e n t t o u c h e e s . 

5 . Ondes r a d i o . En g e n e r a l , d a n s l e s u t i l i s a t i o n s p r o f e s s i o n n e l l e s , l e s ondes 
r a d i o i n d u i s e n t d a n s I ' o r g a n i s m e d e s i n t e n s i t e s t e l l e m e n t f a ib le s qu ' i l n ' e n 
r e s u l t e p a s d 'e f fe ts b i o l o g i q u e s . Cependan t on a u r a i t o b s e r v e , pour c e r t a i n e s 
u t i l i s a t i o n s p r o f e s s i o n n e l l e s , d e s m a n i f e s t a t i o n s n e u r o - v e g e t a t i v e s , de l a 
f a t i que , de I ' a s t h e n i e . C e s s y m p t o m e s d i s p a r a i s s e n t en m e m e t e m p s que 
I ' e x p o s i t i o n . On n ' a p a s o b s e r v e de s e q u e l l e s . 

6 . L a s e r s . L e s d o m m a g e s c o r p o r e l s s u s c e p t i b l e s d ' e t r e p r o v o q u e s p a r l e 
r a y o n n e m e n t l a s e r p e u v e n t r e s u l t e r du r a y o n n e m e n t d i r e c t a u s s i b ien que d e s 
r a y o n n e m e n t s r e f l e c h i s d i f fu se s . L e s o r g a n e s c r i t i q u e s sont l ' o e i l e t l a p e a u . 

-Ef fe t s o c u l a i r e s . L a t o t a l i t e du globe o c u l a i r e peut e t r e a t t e i n t e , l e s d o m 
m a g e s pouvant a l l e r d e l a l e s i o n m i n i m a l e j u s q u ' a l a d e c h i r u r e de type e x p l o -
sif. A l o r s que l e s p e t i t e s l e s i o n s de la c o r n e e evo luen t en g e n e r a l v e r s la 
g u e r i s o n , l e s l e s i o n s de la r e t i n e son t i r r e v e r s i b l e s . L e s a t t e i n t e s r e t i n i e n -
n e s v a r i e n t dans l e u r g r a v i t e en fonct ion de l a t o p o g r a p h i c d e s l e s i o n s . Que l l e 
que so i t l a t o p o g r a p h i c d e s l e s i o n s r e t i n i c n n e s , i l y a l i eu de sou l i gne r le 
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c a r a c t e r e f r e q u c m m e n t i n d o l o r c de c c U e s - c i . L e s f a c t c u r s a g g r a v a n t s des 
l e s i o n s s o n t l e s s u i v a n t s : 

F o c a l i s a t i o n s u r l a r e t i n e . L e s r a y o n s l a s e r s qui t r a v e r s e n t l ' o e i l s e t r o u v e n t 
f o c a l i s e s s u r la r e t i n e p a r l e c r i s t a l l i n , c e qui s e t r a d u i t p a r tuic fo r t e a u g 
m e n t a t i o n dc l a d e n s i t e e n e r g e t i q u e . P o u r I ' e t a b l i s s e m e n t d e s c o n s i g n e s de 
s e c u r i t e , i l faut f a i r e e n t r e r en l i gne de c o m p t e le c a s le p lus de favo rab l e ou 
un f a i s c e a u de r a y o n s p a r a l l e l e s e s t f o c a l i s e au n i v e a u de l a r e t i n e s u r une 
s u r f a c e ayan t le d i a m e t r e d ' un d i s q u e de d i f f r ac t i on . 

T r a n s m i s s i o n a t r a v e r s l ' o e i l . L a r e g i o n de l ' o e i l s i t u e e en avan t de la r e t i n e 
e s t t r a n s p a r e n t e a l a g a m m e d e s l o n g u e u r s d ' o n d e s , a l l a n t de 0 ,4 a 1,4 j im 
h. quoi v i ennen t s ' a j o u t e r deux a u t r e s g a m m e s dans I ' i n f r a r o u g e , Si l e r a y o n 
n e m e n t e s t a b s o r b e d a n s l a p a r t i e de l ' o e i l s i t u e e en avan t de la r e t i n e , la 
d e n s i t e e n e r g e t i q u e s u r l a r e t i n e peut s e t r o u v e r d i m i n u e e , Mais a l o r s , l e s 
t i s s u s a n t e r i e u r s son t e x p o s e s a un d a n g e r p lus g r a n d , Dans ce c a s c e p e n d a n t 
vu I ' a b s e n c e de f o c a l i s a t i o n , l e s e u i l c r i t i q u e d e s l e s i o n s e s t n e t t e m e n t p lus 
e l e v e . 

D u r e e d ' i r r a d i a t i o n . Dans l e c a s d e s l a s e r s p u l s e s ou de l a s e r s a i m p u l s i o n s 
g e a n t e s , on a c o n s t a t e s u r l e p lan e x p e r i m e n t a l que l a d e n s i t e e n e r g e t i q u e 
a d m i s s i b l e d i m i n u a i t en m e m e t e m p s que l a d u r e e d e s i m p u l s i o n s , Ce la se 
c o m p r e n d a i s e m e n t s i I ' on c o n s i d e r e q u ' a v e c un a p p o r t e n e r g e t i q u e l en t , 
I ' e n e r g i e c a l o r i f i q u e p r o d u i t e peu t p a r t i e l l e m e n t s e d i s s i p e r , r e l e v a n t 
d ' a u t a n t le s e u i l l e s i o n n e l c r i t i q u e . P a r a i l l e u r s , un c e r t a i n r o l e e s t joue a 
c e t e g a r d p a r l a f r e q u e n c e de l a r e p e t i t i o n d e s i m p u l s i o n s , 

G r o s s e u r de I ' i m a g e , L e s t r a v a u x e x p e r i m e n t a u x m o n t r e n t que l a d e n s i t e 
d ' e n e r g i e n e c e s s a i r e a I ' a p p a r i t i o n d ' u n e l e s i o n a u g m e n t e l o r s q u e la s u r f a c e 
de la r e g i o n i r r a d i e e d e v i e n t p lus p e t i t e , 

II d e m e u r e , e n m a t i e r e d ' e f fe t s o c u l a i r e s , u n c e r t a i n n o m b r e d ' i n c o n -
n u e s r e l a t i v e s : 
- a l ' e f fe t de s o m m a t i o n des f a i s c e a u x de b a s s e e n e r g i e ; 
- a l ' e f fe t de s o m m a t i o n des effets p u n c t i f o r m e s p e r i p h e r i q u e s ; 
- aux effets a long t e r m e du r a y o n n e m e n t l a s e r a p r e s c e s s a t i o n de I ' e x p o s i 
t ion au r i s q u e ; 
- a l ' e f fe t en p r o f o n d e u r (effet B r i l l o u i n ) , 

_ Effe ts c u t a n e s . L ' i n c i d e n c e s u r l a peau d 'un r a y o n n e m e n t l a s e r peut p r o v o 
q u e r i m m e d i a t e m e n t u n e b r u l u r e a v e c c o a g u l a t i o n l o c a l e , ce qui p e r m e t une 
c i c a t r i s a t i o n r a p i d e . N e a n m o i n s la r e a c t i o n c u t a n e e depend de p l u s i e u r s 
f a c t e u r s qui son t : 
- l a l o n g u e u r d ' onde du f a i s c e a u , 
- l a d u r e e d ' e x p o s i t i o n , 
- l e s " q u a l i t e s o p t i q u e s " de l a peau en m a t i e r e d ' a b s o r p t i o n , de t r a n s m i s s i o n 
e t de p r o p r i e t e s r e f l e c h i s s a n t e s , C ' e s t a i n s i que I ' a b s o r p t i o n de I ' e n e r g i e 
l a s e r se t r o u v e f ac i l i t e e p a r une d e n s i t e l o c a l e p lus i m p o r t a n t e de la p i g m e n 
t a t i o n . 

On n e s a i t e n c o r e que peu de c h o s e s en ce qui c o n c e r n e I ' expos i t ion 
c u t a n e e c h r o n i q u e au r a y o n n e m e n t l a s e r . 
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Re g l e m e n t a t i o n 

En m a t i e r e de p r o t e c t i o n , l a r e g l e m e n t a t i o n c o n s t i t u e l ' une des p i e c e s 
m a i l r e s s e s . En ce qui c o n c e r n e l e s r a y o n n e m e n t s e l e c t r o m a g n e t i q u e s , \in 
c o n t r a s t e s a i s i s s a n t e x i s t e e n t r e I ' e t a t de l a r e g l e m e n t a t i o n pour l e s r a y o n n e 
m e n t s i o n i s a n t s et pour l e s r a y o n n e m e n t s non i o n i s a n t s . P o u r l e s r a y o n n e 
m e n t s i o n i s a n t s , un s y s t e m e c o h e r e n t et u n i v e r s e l l e m e n t adop te a e te m i s au 
point p a r une C o m m i s s i o n I n t e r n a t i o n a l e c o m p e t e n t e . P o u r l e s r a y o n n e m e n t s 
non i o n i s a n t s , I ' i n v e n t a i r e des r e g l e m e n t a t i o n s fai t a p p a r a f t r e une h e t e r o -
g e n e i t e , d e s l a c u n e s , d e s c o n t r a d i c t i o n s , 

R a y o n n e m e n t s i o n i s a n t s 

La p r o t e c t i o n c o n t r e l e s r a y o n n e m e n t s i o n i s a n t s a e t e codif iee p a r la 
C o m m i s s i o n I n t e r n a t i o n a l e de P r o t e c t i o n R a d i o l o g i q u e , L ' I , C . R . P . a e t a b l i 
un c o r p s de d o c t r i n e qui e s t r e p r e s e n t s p a r d e s r e c o m m a n d a t i o n s g e n e r a l e s 
e t d e s r e c o m m a n d a t i o n s p a r t i c u l i e r e s atix d i f f e r en t e s m o d a l i t e s d ' i r r a d i a t i o n . 

De fa i t , l e s r e c o m m a n d a t i o n s ont e te t r a n s c r i t e s de fagon a p p r o p r i e e 
d a n s l e s r e g l e m e n t a t i o n s n a t i o n a l e s de l a q u a s i t o t a l i t e d e s p a y s . E l l e s son t 
p a r a i l l e u r s r e c o n n u e s de fagon off ic ie l le p a r l e s g r a n d e s o r g a n i s a t i o n s I n t e r 
n a t i o n a l e s ( O . M . S . , B . I . T . , F . A . O . , A . I . E . A . , C o m i t e Sc ien t i f ique d e s 
R a d i a t i o n s d e s N a t i o n s Unies) ou r e g i o n a l e s ( E u r a t o m , O . C . D . E . ) . II r e s u l t e 
de c e t e t a t de fai t une h o m o g e n e i t e et une c o h e r e n c e e x e m p l a i r e s en m a t i e r e 
de p r o t e c t i o n c o n t r e l e s r a y o n n e m e n t s i o n i s a n t s . 

R a y o n n e m e n t s non i o n i s a n t s 

Dans le d o m a i n e d e s r a y o n n e m e n t s non i o n i s a n t s , i l n ' e x i s t e m a l h e u -
r e u s e m e n t p a s d ' o r g a n i s m e i n t e r n a t i o n a l c o m p a r a b l e a la C o m m i s s i o n I n t e r 
n a t i o n a l e de P r o t e c t i o n R a d i o l o g i q u e . 

II en r e s u l t e q u ' a u c u n e r e g l e m e n t a t i o n u n i v e r s e l l e m e n t a c c e p t e e 
n ' e x i s t e , n i p o u r I ' e n s e m b l e des r a y o n n e m e n t s non i o n i s a n t s , n i m e m e pour 
c e r t a i n s d ' e n t r e exix. En o u t r e , l e s t e x t e s r e g l e n n e n t a i r e s na t i onaux ou p a r t i -
c u l l e r s sont d i s p a r a t e s avec de n o m b r e u s e s l a c u n e s , Enf in , i l e x i s t e p o u r 
c e r t a i n s r a y o n n e m e n t s t e l s que l e s m i c r o - o n d e s des d i f f e r e n c e s t r e s s ens ib l e s 
e n t r e l e s l i m i t e s d ' i r r a d i a t i o n pouvan t a t t e i n d r e un f a c t e u r 1000 . 

G e n e r a l i t e s 

N o r m e s f o n d a m e n t a l e s . Que lques r e c h e r c h e s ont e t e f a i t e s pou r t e n t e r de 
d e t e r m i n e r une l i m i t e fondee s u r un seu i l de l e s i o n pou r que lques types de 
r a y o n n e m e n t s a v e c d e s l o n g u e u r s d ' o n d e s d e t e r m i n e e s et un effet b io log ique 
d o n n e , p a r e x e m p l e : e r y t h e m e e t k e r a t e - c o n j o n c t i v i t e pou r UV de d i f f e r e n t e s 
l o n g u e u r s d ' onde ; l e s i o n de la r e t i n e et de la p e a u p o u r l e s l a s e r s , Mais l e s 
cond i t i ons expe r i m en t a l e s e t l e s r e s u l t a t s d i s p a r a t e s r e n d e n t la c o m p a r a i s o n 
d i f f i c i l e . 

-2 
L ' e x p o s i t i o n l i m i t e de I ' o r g a n e e s t g e n e r a l e m e n t e x p e r i m e e en J . c m 

L o r s q u ' i l s ' a g i t de t i s s u s i n t e r n e s c e t t e n o r m e e s t que lquefo i s dedu i t e de 
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I ' e x p o s i t i o n d e s t i s s u s e x t e r n e s p a r a p p l i c a t i o n d 'un f ac t eu r de t r a n s m i s s i o n ou 
de c o n c e n t r a t i o n . 

L i m i t e s d e r i v e e s . L e s r e c o m m a n d a t i o n s , r e g l e m e n t a t i o n s ou codes de p r a t i 
que que I 'on t r o u v e pour c e r t a i n s t y p e s de r a y o n n e m e n t s (UV, m i c r o - o n d e s , 
l a s e r s ) c o n c e r n e n t des l i m i t e s d e r i v e e s . C e s d e r n i e r e s sont e x p r i m e e s so i t 
en d e n s i t e d ' e n e r g i e pou r une inapuls ion de d u r e e de te rnn inee ( su r tou t l o r s q u ' i l 
s ' a g i t d ' i m p u l s i o n s r e l a t i v e m e n t c o u r t e s ) so i t en d e n s i t e de p u i s s a n c e W . c m " ^ . 

L e s v a l e u r s r e c o m m a n d e e s son t t r e s v a r i a b l e s non s e u l e m e n t se lon l e s 
p a y s , m a i s souven t dans un m e m e p a y s s e l o n I ' o r g a n i s m e qui l e s p r o p o s e . 
L ' a b s e n c e de m e t h o d e s de d e t e r m i n a t i o n , de cond i t ions e x p e r i m e n t a l e s et de 
m o y e n s de m e s u r e u n i f o r m e s r e n d souven t l e u r c o m p a r a i s o n di f f ic i le . 

E t a t a c t u e l de l a r e g l e m e n t a t i o n 

UV. D e s r e c h e r c h e s e x i s t e n t p o u r d e t e r m i n e r un seu i l de l e s i o n au n iveau de 
l a peau ou de l ' o e i l en fonct ion de l a l o n g u e u r d 'onde pou r s e r v i r de b a s e a une 
n o r m e f o n d a m e n t a l e . M a i s , s e lon I ' O . M . S . , i l e s t u r g e n t de d e t e r m i n e r la 
r e l a t i o n d o s e - e f f e t pour c a n c e r de l a p e a u . L a s eu l e r e c o m m a n d a t i o n off iciel le 
que I 'on t r o u v e e s t c e l l e m e n t i o n n e e p a r I ' O . M . S . , qui s e m b l e p r o v e n i r d ' une 
r e c o m m a n d a t i o n de ja a s s e z a n c i e n n e de I ' A m e r i c a n Med ica l A s s o c i a t i o n (1948): 
I ' e x p o s i t i o n n e doi t pas d e p a s s e r : 

0, 5 ^W p a r c m ^ pour une expos i t i on £ 7 h e u r e s 
e t 0, 1 }xW p a r c m ^ pour une e x p o s i t i o n cont inue de 24 h p a r j o u r . 

I n f r a - r o u g e s . L e s c o n n a i s s a n c e s s u r l e s effets p o s s i b l e s a long t e r m e sont 
i n s u f f i s a n t e s , et en p a r t i c u l i e r c e l l e s s u r la r e l a t i o n d o s e - e f f e t . L e s s e u l e s 
d o n n e e s s u r l e s q u e l l e s on p o u r r a i t a c t u e l l e m e n t fonder des n o r m e s sont l e s 
s e u i l s de l e s i o n connus p o u r la c o r n e e ( O . M . S . ) : 

7 , 6 j / c m ^ aux l o n g u e u r s d ' onde 0, 88 - 1,1 p m 
2 , 8 j / c m i aux l o n g u e u r s d ' onde 1,2 - 1,7 p m 

M i c r o o n d e s 

N o r m e s f o n d a m e n t a l e s . L e s b a s e s s u r l e s q u e l l e s e l l e s d e v r a i e n t e t r e fondees , 
c ' e s t - a - d i r e l e s effets b i o l o g i q u e s , son t e n c o r e m a l c o n n u e s . L e s donnees 
q u a n t i t a t i v e , l o r s q u ' i l y en a, son t d i f f ic i les a i n t e r p r e t e r . La ques t ion de 
1 ' ex i s t ence d ' un s e u i l n ' e s t pas r e s o l u e et on n e peut e x c l u r e c o m p l e t e m e n t la 
p o s s i b i l i t e d ' e f fe t s c u m u l a t i f s . D ' a u t r e p a r t , une t e l l e n o r m e d e v r a i t e t r e 
fondee s u r I ' e n e r g i e a b s o r b e e dans l e s t i s s u s . O r , c e l l e - c i ne peut e t r e d e t e r -
m i n e e a I ' h e u r e a c t u e l l e avec le m i n i m u m de p r e c i s i o n qui s e r a i t n e c e s s a i r e 
pou r en e v a l u e r l e s r i s q u e s . C ' e s t p o u r q u o i , i l p a r a i ^ diff ici le a I ' h e u r e 
a c t u e l l e de d e t e r m i n e r d e s n o r m e s f o n d a m e n t a l e s . D u n s t e r cependan t , p r o p o s e 
c o m m e n o r m e f o n d a m e n t a l e , u n e d e n s i t e de p u i s s a n c e de 10 m W / c m ' ^ . 

L i m i t e s d e r i v e e s . L e s n o r m e s d e r i v e e s pou r l e d o m a i n e des m i c r o o n d e s sont 
g e n e r a l e m e n t e x p r i m e e s en d e n s i t e de p u i s s a n c e (mW/cm'^) pour une d u r e e 
d ' e x p o s i t i o n d e t e r m i n e e . Un g r a n d n o m b r e de pays e t d ' o r g a n i s m e s ont p r o -
m u l g e ou r e c o m m a n d e d e s l i m i t e s d ' e x p o s i t i o n ( t ab leau 1). On c o n s t a t e des 
v a r i a t i o n s d 'un o r g a n i s m e a I ' a u t r e , m a i s i l s e degage e s s e n t i e l l e m e n t deux 
g r a n d s c o u r a n t s : 
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- Axix Etats-Unis tout d 'abord, dans cer ta ins pays europeens ensuite, ces 
l imites sont fondees sur I 'aptitude de I 'organisme a supporter lane charge 
thermique : 

10 mW/cm'^ supportable pendant un temps relat ivement long (ex. 
journee de t ravai l ) , 
1 mW/cm^ recommande par ce r ta ins organismes lorsqu ' i l s 'agi t 
d'une exposition permanente (ex. mar ins dormant a proximite d'une 
antenne sur un bateau) et pour la population (limite de fuite a 5 cm 
proposee pour les nouveaux fours a microondes) . 

Pour des expositions intermitfentes t r e s courtes inferieures a I 'heure , 
deux for mules : 

1 - Committee of the American Standards Association : 1 m W . h / c m 
par fraction de 0, 1 heure , ce qui donne 10 mW/cm^ pour 0, 1 heure . 

2 - La plupart des organismes mi l i ta i res aux Etats-Unis comme en 
Europe : la duree d'exposition en minute : 

W devant r e s t e r inferieur a 100 ou 55 mW/cm^ selon des pays . 
W etant la densite de puissance moyenne sur le temps t, 

- La C . E . E . a cre6 un groupe de t ravai l dont le rappor teur J . Dunster 
propose les l imi tes simplifiees suivantes : 

- exposition continue, densite de puissance dans le champ : 10 mW/cm^ 

- exposition in termit tente , densite de puissance : D ^100 mW/cm^ 

duree d'exposition : t = 60 x 

- En U . R . S . S . et cer ta ins pays d 'Europe Centra le , les l imites sont fondees 
sur des troubles fonctionnels l ies a un desequil ibre neuro-vegetatif plus ou 
moins accentue. Auss i , sont-e l les beaucoup plus severes : 

1 mW/cm^ pour moins de 2 0 minutes de sejour et port de lunettes 
de protection obligatoire, 
0, 1 mW/cm^ pour une exposition de deux heures par jour 
0, 01 mW/cm^ pour plus de deux heures par jour . 

L a s e r s 

Normes fondamentales. Organes sensibles : oeil et peau. L'effet sur l 'oei l 
depend de la longueur d'onde, ainsi que des conditions d 'ecla i rage exter ieur 
qui determinent le d iametre de la pupille. On a cherche a etablir des seuils 
de lesion pour la r e t ine . 

Ici encore pas de moyens de mesu re de I 'energie absorbee . Aussi 
toutes les reglementat ions por tent-e l les sur des l imites de r ivees . 

(OWLV 
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L i m i t e s d e r i v e e s . E l l e s s ' e x p r i m e n t d i f f e r e m m e n t se lon l e m o d e de fonc t ion
n e m e n t du l a s e r : 
- en d e n s i t e d ' e n e r g i e p a r un i t e de s u r f a c e ( j / c m ^ ) p a r i m p u l s i o n pour l e s 
i m p u l s i o n s t r e s c o u r t e s et l e s t r a i n s d ' i m p u l s i o n s t r e s c o u r t e s ; 
- en d e n s i t e de p u i s s a n c e p a r un i te de s u r f a c e pour l e s r a y o n n e m e n t s cont inus 
( W / c m 2 ) . 

Le code de p r a t i q u e B r i t a n i q u e ind ique l e s l i m i t e s s u i v a n t e s pour 
I ' e x p o s i t i o n de l a c o r n e e ( t ab leau II) . J . D u n s t e r p r o p o s e pour l a C . E . E . l e s 
l i m i t e s s u i v a n t e s pou r l ' o e i l e t l a peau pou r l e s l a s e r s e m e t t a n t dans I ' u l t r a -
v i o l e t , l e v i s i b l e e t I ' i n f r a - r o u g e ( t ab leau III , IV, V) . 

P r e v e n t i o n 

L a p r o t e c t i o n c o n t r e l e s r a y o n n e m e n t s non i o n i s a n t s doit c o m p r e n d r e 
l a r e g l e m e n t a t i o n que nous v e n o n s de v o i r , l a p r e v e n t i o n et la s u r v e i l l a n c e . 
L a p r e v e n t i o n c o n s t i t u e le 2 e m e vo le t du t r ip tyque de la p r o t e c t i o n r a d i o l o g i 
q u e . Dans l e d o m a i n e d e s r a y o n n e m e n t s i o n i s a n t s , c e t t e p r e v e n t i o n a fai t 
I ' ob j e t d ' e t u d e s t r e s p o u s s e e s qui ont c o n t r i b u e a f a i r e de I ' e n e r g i e a t o m i q u e 
l ' u n e d e s a c t i v i t e s h u m a i n e s ou l e s r i s q u e s sont l e s p lus f a i b l e s . E l l e e s t 
e s s e n t i e l l e m e n t b a s e e s u r la s e c u r i t e d e s i n s t a l l a t i o n s , l e s p r o t e c t i o n s l i e e s 
axix a p p a r e i l s , l e s p r o t e c t i o n s l i e e s atix t r a v a i l l e u r s , l e s c o n s i g n e s d ' e x p l o i 
t a t i o n et l e s h a b i t u d e s de t r a v a i l . 

P o u r l e s r a y o n n e m e n t s non i o n i s a n t s de n o m b r e u s e s m e t h o d e s de 
p r e v e n t i o n ont e te m i s e s en o e u v r e , e s s e n t i e l l e m e n t p a r l e s equ ipes s c i e n t i 
f i q u e s , m i l i t a i r e s ou i n d u s t r i e l l e s u t i l i s a n t d e s s o u r c e s r e l a t i v e m e n t i m p o r -
t a n t e s , L e s c o n s t r u c t e u r s e g a l e m e n t ont p r e v u des d i spos i t i f s de p r o t e c t i o n 
q u ' i l c o n v i e n d r a i t c e p e n d a n t , dans ixn c e r t a i n n o m b r e de c a s , d ' a m e l i o r e r de 
fagon s e n s i b l e . 

D'xine fagon g e n e r a l e , on peu t e n v i s a g e r des m e s u r e s de p r e v e n t i o n 
a u s t a d e de l a c o n s t r u c t i o n , au s t a d e de I ' u t i l i s a t i o n s u r un plan co l lec t i f 
ou s u r un p lan i nd iv idue l . 

Au s t a d e de la c o n s t r u c t i o n , d a n s tou te l a m e s u r e du p o s s i b l e , l e s 
s o u r c e s de r a y o n n e m e n t s non i o n i s a n t s d e v r a i e n t p o s s e d e r des e c r a n s pour 
e v i t e r tous l e s r a y o n n e m e n t s p a r a s i t e s a u t r e s que l e f a i s c e a u u t i l e . L e s 
a p p a r e i l s g e n e r a t e u r s d e v r a i e n t f a i r e I ' ob je t d 'une h o m o l o g a t i o n of f ic ie l le , 
en p a r t i c u l i e r pou r c e u x qui son t u t i l i s e s p a r le pub l i c . II d e v r a i t e t r e i n t e r -
d i t d ' a p p o r t e r des m o d i f i c a t i o n s q u e l c o n q u e s au s y s t e m e de p r o t e c t i o n . P e u t -
e t r e c o n v i e n d r a i t - i l d ' e n v i s a g e r un c o n t r o l e p e r i o d i q u e d e s a p p a r e i l l a g e s 
s u s c e p t i b l e s de m o n t r e r des d e f e c t u o s i t e s au c o u r s du t e m p s , 

Dans I ' u t i l i s a t i o n d e s s o u r c e s de r a y o n n e m e n t s non i o n i s a n t s l e s 
m e s u r e s c o l l e c t i v e s d e v r a i e n t c o m p r e n d r e n o t a m m e n t l e s s u i v a n t e s : 
- l e s i n s t a l l a t i o n s d e v r a i e n t e t r e congues de fagon t e l l e que dans tous l e s 
c a s ou c e l a e s t p o s s i b l e , e l l e s c o n s t i t u e n t un s y s t e m e f e r m e s a n s r a y o n n e 
m e n t de fu i te ; 
- pou r le c a s ou l e s i n s t a l l a t i o n s s e r a i e n t en s y s t e m e o u v e r t , des zones 
i n t e r d i t e s a s e j o u r r e g l e m e n t e ou c o n t r o l e d e v r a i e n t e t r e e t a b l i e s ; 
- l e n o m b r e de p e r s o n n e s u t i l i s a n t l e s i n s t a l l a t i o n s d e v r a i t e t r e r e d u i t au 
m i n i m u m ; 
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- des mesures du rayonnement ambiant devraient e t re effectuees afin de 
s ' a s s u r e r que les linnites d ' i r radia t ion sont bien r e spec tees ; 
- des consignes s t r i c tes devraient e t re edictees pour le personnel . 

A ces m e s u r e s col lect ives, des mesu re s individuelles peuvent s 'ajou
ter lorsqu ' i l est impossible d ' aba i sse r les niveaux d ' i r radia t ion au-dessous 
des l imites r eg l emen ta i r e s , Ce n ' e s t que dans ce cas , qui devrai t r e s t e r 
exceptionnel, que I'on peut envisager des moyens de protection individuelle 
por tes par les t r ava i l l eu r s , Les organes les plus sensibles etant d'une fagon 
generale les yeux, la peau et le corps entier selon le rayonnement, les 
moyens de protection consis teront soit en lunette, soit en vetement pro tec teur . 

Surveillance 

La survei l lance constitue le 3eme volet de la protection radiologique. 
On distingue une survei l lance physique et une survei l lance medicale . 

Surveillance physique. 

1. La survei l lance physique des rayonnements ionisants a fait I'objet au cours 
des de rn ie res decades d'un nombre considerable de travaux et de rea l i sa t ions . 
On est actuel lement capable de deceler net tement au-dessous des l imites 
d ' i r radia t ion les doses regues par les differentes categories de personnes 
exposees . Les methodes ut i l isees peuvent e t re d i rectes ou indirectes : 

- Les methodes d i rec tes portent sur la mesu re de I ' i r radia t ion au niveau des 
personnes e l l e s -memes au moyen de detecteurs individuels (films dos ime t res , 
stylos e l ec l romet res e t c , , , ) . 

- Les methodes indirectes consistent a evaluer I ' i r radiat ion a par t i r de m e 
sures portant sur I 'environnement professionnel ou publique (champ d ' i r r ad i a 
tion ou de contamination). 

La dos imetr ie des rayonnements ionisants est devenue une discipline 
en soi . Elle fait appel a des methodes de mesu re s ext remement diverses . 
Elle a a sa disposition une grande var ie te de dos imet res permettant des m e 
sures instantanees ou cumulees avec des gammes d'uti l isation extremement 
l a r g e s , des sensibi l i tes t r e s poussees et des precis ions largement suffisantes. 

2 . E n ce qui c o n c e r n e l e s r a y o n n e m e n t s non i o n i s a n t s , l a s i t ua t i on e s t tou te 
differ e n t e . L a d o s i m e t r i e de c e s r a y o n n e m e n t s e s t diff ici le e t e l l e n ' a p a s fait 
I ' ob je t d ' e t u d e s a u s s i e t endues et p o u s s e e s q u ' e n ce qui c o n c e r n e l e s r a y o n n e 
m e n t s i o n i s a n t s . L e s m e t h o d e s u t i l i s e e s ont un c a r a c t e r e spec i f ique qui l i m i t e 
l e u r s p o s s i b i l i t e s p r a t i q u e s . L e s d i f f icu l tes sont de ja g r a n d e s pour o b t e n i r des 
i n f o r m a t i o n s p r e c i s e s s u r l e s c h a m p s de r a y o n n e m e n t s non i o n i s a n t s . II 
n ' e x i s t e p r a t i q u e m e n t p a s de d e t e c t e u r s i n d i v i d u e l s . II en r e s u l t e que l a s u r 
v e i l l a n c e pour l e s r a y o n n e m e n t s non i o n i s a n t s n e peut e t r e a c t u e l l e m e n t que 
c o l l e c t i v e . 

C e r t a i n e s e s t i m a t i o n s sont f a i t e s a p a r t i r de m e s u r e s p o r t a n t s u r l e s 
f a i s c e a u x au v o i s i n a g e i m m e d i a t d e s s o u r c e s , d ' a u t r e s e s t i m a t i o n s son t fa i t es 
a d i s t a n c e , c ' e s t a d i r e au v o i s i n a g e des p e r s o n n e s e x p o s e e s dans l e s c h a m p s 
de r a y o n n e m e n t s non i o n i s a n t s . 
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A t i t re d 'exemple, nous allons passe r en revue quelques methodes 
dosimetr iques re la t ives axix deux categories importantes de rayonnements 
non ionisants : les micro-ondes et les l a s e r s . 

Micro-ondes 

Principe de m e s u r e . Les micro-ondes sont constituees par un champ e lec t r i 
que et un champ magnetique ayant des composantes perpendiculaires et 
egales . II est possible de m e s u r e r l 'une ou I 'aut re de ces composantes (le 
champ electr ique es t plus facile a mesu re r ) ou bien la densite totale de puis 
sance . 

Loin de I ' emet teur , le faisceau es t bien const i tue. Dans la zone proche 
les deux composantes ne sont ni egales ni perpendiculaires et peuvent va r ie r 
t r e s rapidement d'un point a un au t r e . II faudrait a lors m es u re r les deux 
composantes s imultanement . Ces m e s u r e s sont par t icul ierement difficiles 
lo rsqu ' i l y a plusieurs rayonnements de frequence et de polarisation diffe
rentes et que viennent s 'ajouter des phenomenes de reflexion (cas des navires 
de guer re et des bases ae r iennes) . 

En rea l i t e , prat iquement tous les sys temes mesurent la densite de 
puissance par I 'echauffement d'un capteur sens ib le . 

Apparei ls de mesu re : 
- Pour les densites de puissance super ieures a 1 watt /cm^ : ca lo r ime t re , 
- Pour les va leurs infer ieures a 1 wat t /cm^ : bolometre . 

L a s e r s 

Domaine de m e s u r e . On peut dist inguer 3 types de l a se r s : 

- emission continue, 
- l a s e r re laxe , 
- l a s e r declenche. 

La difficulte des mesu re s depend des facteurs suivants : 
- diver site des longueurs d'onde 
- divers i te des durees d' impulsions 
- origine de I ' i r radia t ion qui peut e t re due au rayonnement direct , reflechi 
ou diffuse (importance de la diffusion atmospherique) 
- dimension des faisceaux - les faisceaux focalises ont des d iametres qui 
peuvent e t re infer ieurs a 50 ;im. 
- densite d 'energie ou de puissance t r e s elevees dans les faisceaux focalises 
(pouvant a t te indre 100 MW/cm^) . 

Unites de m e s u r e . C 'es t le joule ou le joule /cm^ pour les l a s e r s pulses , le 
watt ou le wat t /cm^ pour les l a s e r s continus. 

Pr incipe des m e s u r e s . On peut distinguer t ro is types de dosimetr ie : 

- la mesure de la puissance du faisceau ou de I 'energie emise par pulse, dont 
la valeur est utile en cas d ' i r radia t ion par le faisceau d i r e c t , 
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- la m e s u r e de I ' i n t e n s i t e i n s t a n t a n e e en un poin t , u t i l e p o u r l e s c a s d ' i r r a 
d ia t ion p a r des f a i s c e a u x r e f l e c h i s , 
- la m e s u r e de I ' e x p o s i t i o n c u m u l e e en d i v e r s po in t s d e s l a b o r a t o i r e s pour 
c o n n a i t r e l e s effets a long t e r m e des r a y o n n e m e n t s d i f f u s e s , 

A c e s m e s u r e s doi t s ' a j o u t e r d a n s c e r t a i n s c a s la d e t e r m i n a t i o n de la 
d i m e n s i o n du f a i s c e a u , 

A p p a r e i l s de m e s u r e de la d e n s i t e d ' e n e r g i e ou de p u i s s a n c e : 

- d e t e c t e u r s p h o t o e m i s s i f s 
- d e t e c t e u r s p h o t o c o n d u c t e u r s 
- d e t e c t e u r s t h e r m i q u e s 

S u r v e i l l a n c e naed ica le 

L e s p r a t i q u e s de s u r v e i l l a n c e m e d i c a l e son t f o r t d i f f e r en t e s d 'un 
pays a I ' a u t r e e t c e c i e s t v r a i non s e u l e m e n t p o u r l e s r a y o n n e m e n t s non i o n i 
s a n t s m a i s e g a l e m e n t pour l e s r a y o n n e m e n t s i o n i s a n t s . 

En fai t , i l e s t bon que l e s t r a v a i l l e u r s e x p o s e s aux r a y o n n e m e n t s 
s o i e n t s o u m i s a u n e s u r v e i l l a n c e m e d i c a l e a n a l o g u e a c e l l e d e s a u t r e s t r a v a i l 
l e u r s l o r s q u e l e s r i s q u e s d ' i r r a d i a t i o n sont s u f f i s a m m e n t f a i b l e s . P a r c o n t r e , 
l o r s q u e l e s r i s q u e s d ' i r r a d i a t i o n sont e l e v e s , i l conv ien t de m e t t r e en o e u v r e 
une s u r v e i l l a n c e m e d i c a l e spec i f ique p o r t a n t s u r l e s t i s s u s e t o r g a n e s c r i t i 
ques pou r l e r a y o n n e m e n t c o n s i d e r e , 

C ' e s t a i n s i que pour l e s r a y o n n e m e n t s i o n i s a n t s l a s u r v e i l l a n c e doi t 
p o r t e r s u r la p e a u , l ' o e i l , l e s t i s s u s s a n g u i f o r m a t e u r s , l e s gonades e t c . . 

E n ce qui c o n c e r n e l e s r a y o n n e m e n t s non i o n i s a n t s , et c o m p t e t enu des 
d o m m a g e s r a d i o p a t h o l o g i q u e s e v e n t u e l s , l a s u r v e i l l a n c e m e d i c a l e doi t p o r t e r 
e s s e n t i e l l e m e n t s u r l ' o e i l e t la p e a u . 

C e t t e s u r v e i l l a n c e m e d i c a l e d e v r a i t c o m p r e n d r e d e s e x a m e n s a 
I ' e m b a u c h e pou r j u g e r de I ' a p t i t u d e du t r a v a i l l e u r , d e s e x a m e n s p e r i o d i q u e s 
en c a s de r i s q u e s s u f f i s a n t s , des e x a m e n s a p r e s e m p l o i quand des s e q u e l l e s 
h. long t e r m e son t p o s s i b l e s . 

A t i t r e d ' e x e m p l e , nous p r e s e n t o n s la s u r v e i l l a n c e m e d i c a l e e n v i s a g e e 
pou r l e p e r s o n n e l e x p o s e aux rayonnemien t s l a s e r : 

1. Un e x a m e n m e d i c a l d ' e m b a u c h e e t d e s e x a m e n s m e d i c a u x p e r i o d i q u e s au 
c o u r s d e s q u e l s un o p h t a l m o l o g i s t e c o m p e t e n t et en t r a fne f e r a un e x a m e n 
o c u l a i r e c o m p l e t connpor tan t : 
- un e x a m e n de I ' a c u i t e v i s u e l l e 
- un e x a m e n d e s a n n e x e s e x t e r i e u r e s de l ' o e i l ( p a u p i e r e s , c o n j o n c t i v e s , e t c . . ) 
- un e x a m e n d e s d i f f e r en t s m i l i e u x r e f r i n g e n t s 
- un e x a m e n du fond d ' oe i l a p r e s d i l a t a t i on de la pup i l l e 
- un e x a m e n de l a v i s i o n b i n o c u l a i r e 
- un e x a m e n de la v i s i o n d e s c o u l e u r s 
- un e x a m e n du c h a m p v i s u e l . 
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Un examen identique devra e t re effectue lorsque le t ravai l leur c e s s e r a 
d ' e t re expose au rayonnement l a s e r . 

II es t soiahaitable, en ra i son des manipulations dangereuses que doit 
effectuer le personnel expose, que ce lui -c i ait un equilibre psychocaracter ie l 
sat isfaisant et qu' i l soit informe de I 'existence et de la nature des r i s q u e s . 
De meme , il y aura lieu de proceder SL un examen des teguments. 

2 . L 'e tabl i ssement d'une fiche de dommages . 

Le rythme et la periodici te des examens systematiques doit e t re 
fonction de I ' importance du r isque et de la na ture du t ravai l effectue. 

Les accidents cutanes se manifestent rapidement et peuvent a isement 
e t re rappor tes a leur cause . 

Les accidents oculai res ne sont quelquefois rapportes a leur cause que 
tardivement , Les lesions per ipheriques de la ret ine peuvent n ' e t r e remarquees 
qu'a I 'occasion d'un examen systematique ou par la vict ime apres un laps 
de temps plus ou moins long, I 'accident causal etant passe inapergu et la 
lesion initiale etant generalement indolore. 

Conclusion 

Au t e rme de cet expose nous sonnmes a r r ives a conclure que les 
problemes poses par la protection contre les rayoimements non ionisants sont 
nombreux, importants et difficiles. La situation actuelle apparsiat ent ierement 
differente de celle existante pour les rayonnements ionisants . En nnatiere de 
rayonnements non ionisants des recherches importantes doivent e t re pour-
suivies dans le domaine de leurs interactions avec la mat ie re , de leurs effets 
biologiques, des dommages radiopathologiques. Un effort international d ' ha r -
monisation doit e t re en t repr i s pour les sys temes d^unites, les normes r eg l e 
men ta i r e s , I 'homologation des appare i l s . Des etudes technologiques doivent 
e t re developees sur la sur ete des instal la t ions, les equipements de protection 
et les methodes de dos imet r ie prat ique. Ceci rejoint les voeux emis par le 
groupe de t ravai l de I ' O . M . S . en 1971 que j ' a i r e sumes dans le tableau VI. 
La Commission International de Protect ion Radiologique en 1971 a reconnue 
que des controles adequats devraient e t re etablis sur les sources de rayonne
ments non ionisants et qu'il etait a p resen t neces sa i r e d'avoir des discussions 
Internationales sur les c r i t e r e s biologiques servant de base aux n o r m e s . 
Cependant, I ' l . C . R . P . a considere que ce sujet etait en dehors de ses p r e 
occupations courantes , L ' l . C . R . P . esp^ra i t que sa declaration facil i terait 
une action Internationale en ce domaine. Ausi je pense que le moment es t 
peut e t re venu d 'organiser cette action Internationale. L ' l . R . P . A . peut 
sans doute jouer un role important en cet te m a t i e r e . 

En te rminant , je r e m e r c i e le 3eme Congres de I ' l . R . P . A . d'avoir 
donne une place de choix a ces problemes et je souhaite que les part icipants 
se fassent , dans l eu r s pays respec t i f s , les propagandistes des actions a 
mener pour parfa i re la protection contre les rayonnements non ionisants . 
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Tableau I 

LIMITES D'EXPOSITION AUX MICROONDES 

PAYS 

mi l i ta i res 
Etats -
Unis 

civil s 

U . R . S . S . 

FRANCE 
(mil i taires) 

BRITISH MEDICAL 
COUNCIL 

EXPOSITION 
PERMANENTE 

Densite de 
puissance 

W en mW/cm^ 

10 

1 

1 

EXPOSITION PENDANT LES 
HEURES DE TRAVAIL 

Duree d'exposition 
t > l h 

W 
en mW/cm^ 

10 

10 

si t>2h/ jour 
0,01 

si t^2h/ jour 
0.1 

10 

10 

Duree d'exposition 
t < l h 

W en mW/cm^ 
t en minutes 

t = 60 X 
\W / 

avec W^lOO 
si t>6 min. 

W = 10 
si t ^6 min. 
ImW.h /cm^ 
par 6 min. 

W = 1 
avec t^20 min. / jour 

n n\ 
t = 60 x P 

\w / 
avec W^55 



Tableau II 

CORNEAL MAXIMUM PERMISSIBLE EXPOSURE LEVELS FOR LASER RADLA.TION 

DIRECT ILLUMINATION OR SPECULAR REFLECTION (7 mm pupil ) 

Lase r Type 

Ruby 
(0, 69 )im) 

Neodymium 
( l ,06}im) 

Helium-Neon 
(0,63>im) 

Argon 
(0.51 }im) 
(0.48 Jim)' 

Q-Switched 
1 ns - 1 }is Pulsed 

PRF < 10 per second 
Energy per pulse 

J.cm"2 

3 x 1 0 " ^ 

2 X lo"^ 

Long Pulsed 
1 }is - 0. Is 

PRF < 10 per second 
Energy per pulse 

.Icm"2 

1 X 10 '^ 

3 x 1 0 " ^ 

Continuous Wave 
Long-Term 
Exposure 

W.cm-2 

4 X l o ' ^ 

2 X l o " 

3 X l o ' ^ 

3 X lo"^ 

Laser sys tems - Code of pract ice , UK, 1969 



Tableau III 

Derived Working Limits for Energy Surface Density 
Ultra-violet Radiation (Single pulse) 

Wavelength 
(nm) 

200 - 315 

315 - 400 

Pulse length, t 
(s) 

-2 4 
10 - 3 X 10 

10-^ - 10^ 

-3 4 
10 - 3 X 10 

DWL 
(skin or eye) 

( j / cm2) 

3 x 10"^ 

1 

lO"^ x t 

(10"^ W/cm2) 

The total power surface density over both wave
length regions must not exceed 1 W/cm . 
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Tableau IV 

Derived Working Limits for Energy Surface Density 
Visible and near in f ra - red radiation (400 - 1400 nm) (Single pulse) 

E y e (7 m m pupil) 

P u l s e l eng th , t 
( s ) 

-9 -5 
10 "̂  - 2 X 10 

- 5 
2 X 10 - 10 

DWL 
( j / c m 2 ) 

- 7 
5 x 10 

J . 
- 3 4 

1 . 8 x 1 0 X t 

E x a m p l e s 

- 4 
10 

- 3 
10 

- 2 
10 

- 1 
10 

1 

10 

4 
10 - 10 

4 4 
10 - 3 X 10 

-6 
1 . 8 x 10 

- 5 
1 x 1 0 

- 5 
5 .7 X 10 

- 4 
3 .2 X 10 

- 3 
1 . 8 x 10 

- 2 
1 x 1 0 

- 2 
1 X 10 

-6 
10 X t 

(10"^ W / c m 2 ) 

Skin ( a v e r a g e a r e a 1 m m d i a m e t e r ) 

P u l s e l eng th , t 
( s ) 

, -9 , -7 
10 ' - 10 

- 7 
1 0 - 1 0 

DWL 
( j / c m 2 ) 

^ , „ -2 
2 x 1 0 

1 
T 

1. 1 X t 
1 1 

E x a m p l e s 

-6 
10 

- 5 
10 

- 4 
10 

- 3 
10 

- 2 
10 

- 1 
10 

1 

10 

1 0 - 3 x 1 0 ^ 

, -2 
3 . 6 x 1 0 

, -2 
6 .4 X 10 

- 1 
1. 1 X 10 

, -1 
2 X 10 

- 1 
3 . 6 X 10 

- 1 
6 . 4 x 1 0 

1. 1 

2 

2 X l o ' X t 

( 2 x 1 0 " ^ W / c m ^ ) 
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Tableau V 

Derived Working Limits for Energy Surface Density 
Infra-red Radiation (1400 nm to 1 mm) (Single pulse) 

Pulse length, t 
(s) 

10-9 . 10-^ 

lO'"' - 10 

DWL (eye and sk in) 
( j / m 2 ) 

1 0 - ^ 
1 

"3" 
0 . 5 6 x t 

1 

E x a m p l e s 

1 0 - ^ 

1 0 " ^ 

1 0 - ^ 

1 0 - ^ 

1 0 - ^ 

10-^ 

1 

10 

1 0 - 3 x 1 0 ^ 

1.8 X 10"^ 

3 .2 X l o ' ^ 

5 . 6 x lO"^ 

1 X l o ' ^ 

1.8 X lO"^ 

3 .2 X l o " ^ 

5 .6 X l o " ^ 

1 

lO"^ X t 

( lO"^ W / c m 2 ) 
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T a b l e a u VI 

A c t i o n s a m e n e r 

- E n q u e t e s p e r m e t t a n t de d e t e r m i n e r effect i fs e t d i s t r i b u t i o n d e s popula t ions 
e x p o s e e s . 

- E t u d e s e p i d e m i o l o g i q u e s s u r g r o u p e s de t r a v a i l l e u r s e x p o s e s pour d e t e r 
m i n a t i o n d e s effets e v e n t u e l s a long t e r m e . 

- R e u n i r r a p p o r t s s u r c a s d ' e x p o s i t i o n a c c i d e n t e l l e pour m e i l l e u r e d e s c r i p t i o n 
d e s t r o u b l e s c l i n i q u e s , 

- M i s e au point de d i s p o s i t i f s de m e s u r e de I ' e x p o s i t i o n ind iv idue l l e avix 
r a y o n n e m e n t s non i o n i s a n t s . 

- D e t e r m i n a t i o n de l a r e l a t i o n e n e r g i e i n c i d e n t e - e f f e t pour l e s d i v e r s o r g a n e s 
s e n s i b l e s aux d i f f e r en t e s l o n g u e u r s d ' o n d e . 

- E t u d e des m o y e n s de p r o t e c t i o n , 

- H a r m o n i s a t i o n des g r a n d e u r s e t u n i t e s u t i l i s e e s pour la m e s u r e de I ' e x p o 
s i t i on e t 1 ' e x p r e s s i o n d e s l i m i t e s . 

- H a r m o n i s a t i o n d e s n o r m e s de s e c u r i t e ( n o r m e s f o n d a m e n t a l e s et l i m i t e s 
d e r i v e e s ) , 

- H a r m o n i s a t i o n de l a s i g n a l i s a t i o n . 

- H a r m o n i s a t i o n d e s r e g l e m e n t a t i o n s n a t i o n a l e s ( a u t o r i s a t i o n s pour l a f a b r i 
c a t i o n , l a ven t e ou I ' u t i l i s a t i o n ) . 

D 'ou n e c e s s i t e d 'un o r g a n i s m e i n t e r n a t i o n a l 
qui c e n t r a l i s e r e s u l t a t s e t e l a b o r e r e c o m m a n d a t i o n s 
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Figure 1 

SPECTRE ELECTROMAGNETIQUE 

FREQUENCE ENERGIE 
(hertz) ( eV ) 

3X10 
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F i g u r e 2 

P E N E T R A T I O N DES ONDES E L E C T R O M A G N E T I Q U E S 

F R E Q U E N C E 
( h e r t z ) 

E N E R G I E 
( e V ) 

3X10 
26 

3X10 
22 

3X10 
18 

3X10 
14 

10 
3X10 

3X10^ - H -
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3X10 

1.24X10 

8 
1.24X10 
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1.24 

1,24X10 

1.24X10 
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1.24X10 
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Cent im^t r f i 

D i z a i n e de c e n t i m e t r e s 
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Fig.3 

ABSORPTION PROPERTIES OF THE HUMAN EYE FOR 
ELECTROMAGNETIC RADIATION 

/t^r^>^ 

Y AND X 

(a) Most higher energy 
X and Y rays pass through cornea 
the eye 

SHORT UV 

(b) Absorpt ion occur s 
pr incipal ly a t the 

LONG UV AND VISIBLE 

(c) Light is re f rac ted at the 
cornea and lens and absorbed 
at the r e t ina . 

NEAR IR 

(d) Energy is absorbed in the 
ocular media and at the re t ina ; 
nea r IR rays a r e r e f rac ted . 

FAR IR 

(e) Absorpt ion is 
local ized at the 
co rnea . 

MICROWAVES 

(f) MW radia t ion is t r ansmi t t ed 
through the eye ; a l a rge p e r 
centage may be absorbed . 

f rom L a s e r s y s t e m s - Code of p rac t i ce , UK, 1969 
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PUBLIC INFORMATION, LEGAL ASPECTS, 

EDUCATION AND TRAINING 

RADIATION PROTECTION TRAINING COURSES AT E . I . R . UURENLINGEN, SWITZERLAND 

RjSp iess , H.Brunner 

School f o r Rad ia t ion P r o t e c t i o n 
Heal th Physics D i v i s i o n 

EIR, E idg . I n s t i t u t f u r Reaktor forschung 
CH-5303 Uuren l ingen , Swi tzer land 

1 . Summary 

Due to the increasing applications of ionizing radiations and radioactive ma
terials and required by radiation protection laws a growing number of professions 
and persons need at least a basic understanding of radiation problems and some 
practical instruction and training in radiation protection. The vast experience 
accumulated in nuclear research centers in the field of radiation protection trai
ning of employees on all levels is an excellent basis for the development of trai
ning programs for most needs*The program offered by the School for Radiation Pro
tection of EIR (Federal Institute for Reactor Research), Wuerenlingen, comprises 
four categories : 

A) full-time health physics personnel of all levels 
B) professionally exposed personnel 
C) emergency organization personnel (fire departments, police, army etc.) 
D ) students and pupils 

Some typical or new courses are described in detail. The importance of such pro
grams for improving the information and education of the public on radiation and 
safety matters is stressed. 

2. The needs for radiation protection training 

The needs for some kind of education and training in radiation protection can 
be grouped as follows : 
a) The persons directly involved and at risk, i.e. the professionally exposed per
sons in industry, medicine, research etc.are required by law to get a sufficient 
training.This includes not only the workers but also the responsible supervisors 
and managers. 
b) Persons that might be directly affected or involved in case of incidents, acci
dents or catastrophes (police, fire departments,transport organizations,emergen
cy organizations,first aid and medical personnel,authorities,army,civil defense) 
must have sufficient knowledge and training which enable them to carry out their 
functions and responsibilities in case of radiation emergencies. 
c) The general public is only indirectly affected or at risk from radiation appli
cations.But for a proper functioning as responsible citizens,opinion- or decision
makers, due to the growing concern for qualities of life and environment,and for 
political and economical reasons, a wide-spread and sufficient information and 
education of the public is highly desirable. 
d) As the reservoir for all the categories mentioned above,pupils and students on 
all levels and in all fields of education, training and instruction should get ade
quate information and basic education about radiation and safety matters during 
the regular curricula. 
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Although radiation protection originated in medicine, in most countries the 
nuclear research and industrial applications of radiation sources were the first 
areas where these training necessities were recognized and incorporated from the 
very beginning in the practical work and in the legal regulations. Prophylactic 
measures and training, safety and protection not only of the workers but also of 
the population and the environment were self-evident ways of thinking and operating 
for nuclear specialists long before the environmental protection "boom" reached 
politicians and opinion-makers.Today even medicine begins to catch up again with 
the good examples of the industrial and nuclear fields, and the demands for trai
ning of medical personnel on all levels add to the other needs for training of 
professional personnel and students. Thus there exists a large "training gap" in 
radiation protection for which the existing educational institutions are inadequa
tely equipped and staffed and often lack the indispensable practical experience. 

At present it is most urgent to give at least the legally required minimum 
of training to all those professionally exposed persons which are working already 
with radiation sources and have finished their formal professional training long 
ago.But as a long-range goal the incorporation of a sufficient training into the 
formal professional training and educational curricula must be attempted. 

3. The role of nuclear research centers 

It is a general tendency in most countries that the "old" established and 
rather well staffed nuclear research centers have lost a good deal of their origi
nal tasks to industry and have to reorientate their programs.A good way to utilize 
the vast experience accumulated in these centers and their staff is to enlarge the 
training programs in the nuclear field. Radiation protection is especially well 
suited for this purpose. Not only have the nuclear centers been among the first 
to practice radiation protection,but their experiences usually also comprise most 
fields of radiation uses,possibly with the exception of some medical applications. 
Nuclear centers offer the unique advantage that the teachers and instructors can 
work part-time in practical radiation protection or in research and development 
and thus keep up-to-date in the field and abreast with the latest developments, 
but also in close contact to the field requirements of practical health physics. 
Teachers in the purely educational institutions are much more liable to easily 
lose the contact with practice. The training programs provide also a refreshing 
and stimulating feedback on the research and development programs of a research 
center's health physics division and help to direct those towards the real needs 
which otherwise might be more difficult to recognize. For the individual health 
physicist who in his part-time function as instructor or teacher has to present 
his specialty in an easily understandable way to laymen, the healthy effects of 
such experiences should be stressed, for he is each time challenged to reconsidey, 
explain and defend what he does and why. 

4. History of radiation protection trainino at EIR 

The Health Physics Division had to deal with training problems from its very 
beginning in 1957 because its entire staff had to be trained on site or by parti
cipating in the few international courses available at that time which usually 
did not concentrate on health physics alone but on nuclear science in general.The 
first health physics technicians got an informal and individual training from the 
health physicists, but after a few years, at the beginning of the Sixties,a trai
ning group with a full-time instructor was created.Members of the division colla
borated also with outside course activities by authorities and educational insti
tutions. By principle even the "full-time" instructor was required to do part-time 
work either in routine or development in order to keep in contact with practice. 
With increasing training activities he was assisted by part-time instructors for 
practical exercises, recruited from the experienced health physics supervisors 
and technicians.The advent of nuclear energy created additional needs for training 
of health physics and reactor operating personnel. Between 1958 and 1971 some 
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2700 persons of various professions and levels received a short or extended ra
diation protection training from or with the cooperation of our division. 

In connection with the modification of the institute's program which particu
larly emphasized training as one of the three main pillars, the training program 
in radiation protection was reshaped and intensified, creating a frame within 
which most of the present and future needs for radiation protection training in 
our country can be fitted or supported.This led in 1972 to the reorganization of 
the training group under the new name of "EIR School for Radiation Protection", 
still as a part of the Health Physics Division. A large variety of training cour
ses are in various stages of realization,some operational for a long time, others 
in the experimental phase, still others in the preparatory stages. The number of 
participants in the training program increased to about 670 in 1972 and further 
to about 700 in the first half of 1973. 

5. Organization of the EIR School for Radiation Protection 

The head of the school is a full-time instructor with a previous training as 
a health physics technician and an engineering school degree equivalent to a B.A. 
According to our principles he has also a function in routine health physics as 
head of the instrumentation and calibration group. He is responsible for the pro
gram of the school,the preparation of new courses and he teaches part of the the
oretical topics. As assistant instructors for some theoretical teaching and most 
of the practical training he disposes of part of the working capacity of our health 
physics supervisors and some suitable technicians.This guarantees a practical in
struction as close as possible to our practical experiences. The same supervisors 
and technicians spend part of their time assisting Swiss radiation protection au
thorities in the inspection of radiation protection conditions in hospitals, re
search laboratories, educational institutions and nuclear installations,including 
power stations,and cooperate in special protection problems outside the institute. 
Thus they have a broad experience and view to draw from for the training,but they 
get also useful feedbacks from the training and from discussions with course par
ticipants for their own work.Last but not least this brings our division in close, 
mutually interesting and beneficial contacts to almost all authorities,industries, 
institutions etc. which have any kind of radiation problems in our country. This 
will facilitate the introduction of similar viewpoints,philosophies and practices 
in all health physics applications. 

6. Preparations for new courses 

Before a new course can be given, many months of preparations are necessary. 
As a first step a concept is worked out giving the goals of the course, the topics 
to be treated and instructed,possible examinations,qualifications of participants, 
duration etc.This concept is submitted to authorities and interested parties for 
detailed discussion.Sometimes this requires that the radiation protection philoso
phy for a certain profession or application must first be developed.If possible 
wa ask the responsible authority to approve and recognize the course officially 
as a sufficient introduction or training for professionally exposed persons or for 
the competence in radiation protection required by radiation protection regulation. 
Next i;he detailed material for the course is prepared,such as course texts,exer
cises, experiments, demonstrations, practical training, visual aids etc. and all 
participating instructors are familiarized with the course.The course is announced 
and propagated as early as possible. Up to now the response rather surpassed our 
most optimistic expectations. Once a course has been given for the first time,the 
propaganda made by the participants creates additional requests for repetition of 
the course or for new or modified types. 

7. Execution of the courses 

The theoretical instruction for the course types of similar levels has been 
standardized as far as feasible and split up into "building blocks" or packages 
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of topics which can be combined into any kind of course schedule or combination 
of subjects as desired, without having to work out each course entirely from the 
beginning. Only special topics required for certain courses need to be prepared 
individually, mostly for advanced courses that are not given all too frequently. 
The course texts are printed in large numbers, but on loose sheets,and are assem
bled into the requested combination and number of course textbooks for each course 
given.Changes and amendments of the texts are easy to make without delay or waste 
of outdated complete textbooks.Economics and flexibility are both optimized with 
this method. 

In order to give all participants an efficient training in a minimum of time, 
courses with practical instruction are limited to 15 participants (with the only 
exception of the one-day monitoring course for army and civil defense where up 
to eight groups of ten men each can be handled in parallel). For the practical 
training the participants are further divided into two smaller groups. 

Up-to-date methods are applied for instruction.The purely audiovisual method 
has been replaced by"simulation",which stands for "listen - look - touch - prac
tice". The only purely audiovisual course is the short general introduction for 
new employees of the institute (D.I Type D). Modern aids such as TU cameras and 
video recorder, overhead projectors, movies and slides are used. Detailed experi
ments, also simple, fundamental ones,and standard practical exercises facilitate 
the understanding of the often rather abstract subjects. We follow the develop
ment of modern didactic methods very closely and are ready to apply whatever will 
improve our courses.Ue cooperate with a new working group of the Fachverband fur 
Strahlenschutz which has begun to treat problems of radiation protection training 
on all levels and which, as a first result, has collected an inventory of text
books, training aids and training programs. 

8. The program of the school 

Four categories of training courses are offered : 
A) for full-time health physics personnel on all levels, from assistant or tech
nician to supervisor, health physics engineer or health physicist. These are peo
ple from other technical professions which have to be retrained for health physics 

B) radiation protection training for professionally exposed persons which have al
ready completed their professional training or are further trained for a nuclear 
occupation such as reactor operator, radiochemistry laboratory technician etc. 
C) Personnel of emergency organizations, police, firemen, army, civil defense. 
D ) Introductions to radiation protection fundamentals and practice for pupils, 
students and trainees in various types of schools and training programs. 

All the above categories are further differentiated according to the level 
and previous training or experience of the participants,the type of their present 
or future occupation, the degree of competence or responsibility required etc. 
Appendix A lists the course program offered at present,while in the next section 
and in Appendix B four typical or novel courses are described in,more detail. 

9. Some examples of courses 

9.1. Training of health physics technicians (A.l, A.2) 

If candidates for health physics technicians have had no previous training 
and experience in radiation protection, they have to begin at the bottom of the 
program with an introductory course. An extended version of this course is also 
given to health physics assistants, a category of auxiliary personnel, usually 
without other formal professional training, which we employ for simpler routine 
tasks such as wipe tests, decontaminations etc. The candidates for technicians, 
at least those for our institute, have been selected in cooperation with the In
stitute for Applied Psychology, Zurich. There they undergo a special aptitude 
test developed by a psychologist who had been one of our first health physics tech-
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nicians before he began to study psychology. 
The introductory course gives the candidates a first practical idea of the 

type of work while it allows us to judge the aptitude of the candidates and to 
employ them as assistants for some time,if for other reasons the following parts 
of the training must be delayed for some weeks. The 2 weeks' introductory course 
A.l is followed by the 12 weeks' basic course A.2,divided into six basic and prac
tical parts (details see Appendix B).The course A.2 is terminated by examinations, 
written and oral ones in theoretical knowledge,and a practical examination consis
ting of the preparation and execution of a routine health physics operation. The 
successful completion of these examinations qualifies the man for employment as 
health physics technician and for the advanced course A.2 of 4 weeks duration.He 
will usually take the advanced course after some weeks or months of practical ex
perience in routine operations, and the course familiarizes him further with spe
cial monitoring techniques and the interpretation and application of the radiation 
protection regulations. 

How far a technician will climb on the ladder of standardized careers in 
health physics, provided he is employed by EIR, depends on the results of the 
practical experience,additional training and examinations, and of course his per
sonal qualifications, professional accomplishments etc. The chances to follow an 
interesting career that in some cases may lead up to the level of an engineer is 
of great help in finding and retaining good personnel.The flexibility of our system 
allows to make optimal use of each man's qualities and to offer him a job which 
fits his interests and capabilities without becoming boring or stagnant. 

9.2. Radiation protection training for mechanics and workmen (B.3) 

This course, whose details are given in Appendix B, was originally started 
for mechanics and other workshop personnel who only infrequently had to do with 
contaminated or activated components from reactors or laboratories. The start of 
the first nuclear power stations in the country and the experiences during the 
first shut-downs quickly showed the necessity for training of all the operating 
and maintenance personnel in this type of course,and its content was accordingly 
adjusted.The course lasts one week and aims at giving the participants a practical 
understanding of radiation protection,the ability to work properly in controlled 
zones and under elevated levels of external radiation and contamination in such 
a way that they can protect themselves and do not endanger their coworkers. The 
use of protective clothing, of simple instruments for working place monitoring, 
and the reaction in case of incidents are instructed, thus enabling them to carry 
out routine tasks and repairs without direct control by a health physics techniciarw 

9.3. Radiation monitoring course for police and firemen (C.l Type B) 

This course type originated from concerns that grew within the fire depart
ment of Zurich airport after a crash landing of a foreign passenger plane,reports 
on the Palomares incident, and after the crash of another plane in Eastern Europe 
whereby a radioisotope cargo got lost. The firemens' problem was whether rescue 
operations for passengers might have to be stopped or delayed and could present 
an unacceptable risk for the firemen if radioactive cargos were on board.The more 
general problem of what to do in case of a transport accident or a fire involving 
radioactive material applias also to police, ordinary fire departments of cities 
or industries, transport personnel etc. The first set of courses was given with 
excellent results for the fire department of Zurich airport, where the one week 
course will be followed at least once a year by some practical exercise and repe
tition, supplemented by internal repetition as part of the routine training of the 
firemen. The first part of the course aimed at giving an idea and a "feeling" for 
radiation dangers and relative risks. The institute's isotope production division 
provides excellent and realistic illustrative material and demonstrations. Monito
ring of radiation and contamination and emergency measures form the main practical 
part of the course. From the first participants rumors spread quickly to other 

1291 



fire departments and police, and it looks as if this course might become a fre
quent feature of our program. 

9.4. Radiation monitoring exercise for army and civil defense (C.2) 

Army and civil defense have excellent and efficient training programs for 
part-time and full-time specialists in nuclear defense (AC) and monitoring. The 
training of AC officers is handled in central courses by professional instructors, 
while the soldiers and corporals (several in each unit) are trained in field cour
ses by the AC protection officers of the regiments and divisions. Civil defense 
operates on similar principles. Training programs and material are excellent and 
efficient, but the army lacked possibilities for practical training with real ra
diation sources under simulated field conditions. Following a request and develo
ping ideas of an AC officer of a division we improvised a first exercise with good 
success. In close cooperation with army instructors and AC officers we created a 
one day monitoring exercise with practical demonstrations on radiation levels and 
shielding,contamination and decontamination,and monitoring of a"fallout" area un
der field conditions. The four exercises of about one hour each are executed un
der the direction of the AC officer of a regiment and his staff and only super -
vised by our technicians. 

The second part consists of a visit to the institute, a movie on nuclear e-
nergy, informations and discussions on radiation protection in civil applications, 
environmental effects of nuclear energy etc., thus providing some basic informa
tion useful for civil life and an opportunity to discuss problems that play quite 
some role in politics and newsmedia at present. As we give this course to several 
hundred army and civil defense personnel each year, with an increasing frequency, 
this may develop into an effective contribution to a better information of the 
public, because all these people return to civil life after some days or weeks of 
military or civil defense service and come from virtually all regions, social and 
professional groups of the country. 

The individual doses received during the exercise are registered by direct 
reading dosimeters and amount in the average to a few millirem. During the infor
mation part the significance of these doses is explained and related to doses cau
sing accute effects, to the natural background doses and the doses expected from 
radiation applications and nuclear energy. Such a personal experience helps to 
put radiation in proper perspective for the participants of the courses, they 
have also got the experimental proof for the efficiency of the protective measu
res. Results are an increased confidence, diminished anxieties about radiation 
hazards, and a better basis for rational judgements. 

10. Conclusions 

Duration, topics and content of our courses are not yet in all cases what we 
judge optimal, sufficient or necessary, but they show what can be realized and 
required under present circumstances in various fields and professions with the 
acceptance and support of authorities, employers and participants, and on which 
lines a further development and improvement will be possible. 

Ue hope to have shown how nuclear research centers with relatively limited 
means can provide valuable training opportunities in various fields, cover a good 
part of the training needs in radiation protection, and contribute efficiently to 
a better information and understanding of radiation protection and nuclear safety 
problems in professional groups and larger segments of the public. This may impro
ve the chances for survival of such centers and their health physics staff and 
provide interesting and satisfactory opportunities for health physicists and the 
future development of health physics. 
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Appendix A 

List of courses offered by the EIR School for Radiation Protection 

A) Full-time health physics personnel 

A.l. Radiation protection course for health physics assistants 

duration : 4 weeks for operations assistants, 2 weeks for technician candi
dates, 

participants :full-time auxiliary health physics personnel 
remarks : required introductory course (2 weeks) for candidates for health 

physics technicians whft will continue with course A.2. 

A.2. Radiation protection course for health physics technicians 

Basic course A.2 : 

duration : 12 wseks 
requirements: Course A.l passed, formal professional training in technical 

fields (mechanics etc), 
participants: candidates for full-time health physics technicians 
examinations: theory written and oral, practice. 

Advanced course A.2 : 

duration : 4 weeks 
requirements: courses A.l and Basic A.2 + examinations passed 
participants: health physics technicians 
remarks : for details see section 9.1 and Appendix B. 

A.3. Radiation protection course for health physics supervisors 

duration : 12 weeks 
requirements: examined health physics technician with several years of practi

cal experience, qualifications for chief function, 
participants: health physics technicians 
examinations: theory written and oral. Practice: complete evaluation, prepara

tion and execution of a large health physics operation. 

A.4. Radiation protection course for health physics engineers 

duration : 8 weeks 
requirements: diploma of a higher technical institution (engineering school) 

+ autodidactic study of courses A.2 and A.3, if possible during 
stage at our health physics division, 

participants: future heads of operational health physics sections in nuclear 
power stations, laboratories or authority inspection groups 

examinations :theory written and oral, practice. 

A.5. Radiation protection repstition course for health physics technicians 

duration : 1 week 

A.6. Radiation protection repetition course for health physics supervisors 

duration : 1 week 
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B) Professionally exposed persons 

B.l. Radiation protection course for radiochemistry laboratory technicians 

Type A : Basic course (short course) 

duration : 1 week 

participants: laboratory technicians and auxiliary personnel 

Type B : Advanced course 

duration : 2 weeks 
participants: laboratory supervisors and technicians 

B.2. Radiation protection course for factory-inspectors 

duration : 3 weeks 
participants: cantonal and federal factory-inspectors or persons responsible 

for radiation protection and industrial hygiene in industry 

B.3. Radiation protection course for mechanics and workmen 

duration : 1 week 
participants: professionally exposed workers employed for assembly, maintenance, 

repairs, shut-down operations of nuclear components and installa
tions. 

remarks : for details see section 9.2 and Appendix B 

B.4. Radiation protection course for technical X-ray personnel 

duration : 1 week 
requirements: fundamentals (physics and technology) of X-ray equipment 
participants: sales-, repair-, assembly- and operating personnel of X-ray equip

ment for industrial or medical applications 

C) Emergency organization personnel 

C.l. Radiation protection monitoring course 

Type A : EIR emergency organization 

duration : 2 days 
participants: EIR emergency organization members 

Type B : Professional emergency teams 

duration : 1 week 
participants: fire department chiefs and officers, professional firemen of air

ports and cities, police etc. 
remarks : for details see section 9.3 and Appendix B. 

Type C : Enclosed radiation sources (handling of incidents) 

duration : 2 days 
participants: workers who operate or are responsible for enclosed radiation 

sources 

Type D : fire-fighting in radiochemistry laboratories 

duration : 1 day 
participants: voluntary and industrial firemen 

C.2. Radiation monitoring exercise for army and civil defense 

duration : 1 day ( 8 hrs) 
requirements: formal military or CD training in AC defense 
participants: radiation monitoring and protection personnel and officers 

of army and civil defense 
remarks : for details see section 9.4 and Appendix B 

1294 



D ) Introductory courses of general nature 

D.I. Radiation protection introduction 

Type A : professionally exposed personnel 

duration : 2 days 

participants: new employees to become professionally exposed 

Type B : Educational institutions 

duration : 3 hrs 

participants: students of higher educational institutions 

Type C : Hospital personnel 

duration : 3 hrs 
participants: professionally exposed personnel of hospitals (including fl.Ds) 
Type D : new EIR employees 

duration : 1 hr 
participants: all new employees of EIR, whether professionally exposed or not, 

including all auxiliary or temporary personnel 

E ) Radiation protection as part of nuclear training courses 

E.l. Radiation protection course for reactor operators 

duration : 2 weeks 
requirements: complete training as reactor operator in EIR Reactor School 
participants: candidates for operators licence 

E.2. Radiation protection course for reactor shift supervisors 

duration : 1 week 
requirements: licensed and experienced reactor operator 
participants: candidates for shift supervisor examination (EIR Reactor School) 
remarks : E.l and E.2. are limited to practical instruction, the theoreti

cal training is given by the Reactor School 

E.3. Radiation protection course for nuclear engineers 

duration : 1 week 
requirements: nuclear engineering lecture program 
participants: students and graduates of engineering schools 

Additional radiation protection courses for incorporation into other curricula of 
higher education or professional training in science, technology and in the medi
cal field are being discussed and prepared. 

*** 

Appendix B 

Examples and details of some courses 

l) Courses A.l and A.2 : Training of health physics technicians 

A.l. Introductory course (2 weeks) 

aim : Review of the fundamentals and basic philosophy of radiation pro
tection and of the routine tasks of a HP technician 

organization: 14 lectures with short preparatory theories and main emphasis on 
practical demonstration and exercise of the routine tasks 

topics: - fundamentals: radioactivity / radiation, sources, hazards / basic 
principles of radiation protection / radiation monitoring, doses, 
dosimetry / contamination, decontamination / waste problems. 

- practical training: marking of controlled zones / radiation monitoring 
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instruments and dosimeters / protective clothing / contamination 
monitoring and decontamination / waste collection in controlled 
zones / behavior in case of incidents. 

A.2. Basic course (12 weeks) 

aim : complete training of health physics technicians. Knowledge of fun
damental physics and technology required for health physics. 
Mastery of all routine tasks and methods for working place control 

orgpnization: 6 parts: 3 basic, 3 practical. The fundamental lectures are illu
strated by experiments. Exercise of simple calculations. Main em
phasis on mastery of radiation monitoring methods. 

topics: Basic instruction 1 : fundamentals of nuclear physics (2 weeks) 

composition of matter / radioactivity / radiations / radiation 
interactions with matter / dose definitions / shielding 

Basic instruction 2 : radiation monitoring methods ( 2 weeks) 
electrical and electronic fundamentals 7 principles of measuring/ 
principles of radiation detection / ionization chambers / propor
tional counters / GM counters / solid state detectors / scintil
lation detectors / chemical detectors / detection and monitoring 
of a, p, X, y, n. 

Basic instruction 3 : hazards of ionizing radiations to man (3 weeks) 
radiation exposures of man 7~biological effects of ionizing radi
ations / external exposures / internal exposures / maximum per
missible doses and derived working levels . 

Practical instruction 1 : health physics at nuclear reactors (l week) 
physics, technology of nuclear reactors /"reactors as radiation 
sources and their hazards / risks of nuclear reactors. 

Practical instruction 2 : HP in radiochemistry laboratories (l week) 
fundamentals of radiochemistry 7 installations and organization 
of radiochemistry labs / types of work in a laboratory / radia
tion hazards and risks in radiochemistry laboratories. 

Practical instruction 3 : operational health physics methods (3 weeks) 
routine methods ̂ monitoring etcj T^methoids as specified by HP 
operational manuals / individual handling of routine operations 
and problems at reactors and in laboratories, under supervision 
of an experienced HP technician, 

examinations : Theory and fundamentals : written and oral 
Practice : complete health physics control of a routine operation 
in a controlled zone. Several experts from the school, the HP di
vision or other EIR divisions or from authorities are present. 
The examinations are formally acknowledged with a diploma. 

A.2. Advanced course (4 weeks) 

aim : repetition and advanced treatment of basic course A.2 topics. Spe
cial monitoring methods. Interpretation and application of the 
federal radiation protection regulations for special cases. 

organization : introduction of new topics followed by discussion of practical 
situations, aimed at integration of theory and practice. 

topics : those of basic course A.2 / air monitoring / background compensa
tion / activity measurements / radionuclide identification and 
analysis / spectrometry / DWL derivation / practical problems. 

remarks : for the technicians of the SIN accelerator the basic course A.2 
was supplemented by an additional practical course on accelerator 
problems. 

* 
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2) Course B.3. Radiation protection for mechanics and workmen ( 1 week) 

aim : See section 9.2. Ability to handle practical radiation protection 
problems when working in controlled zones 

organization: as course A.l. 
topics : - fundamentals : short version of topics of course A.l. / evaluation 

of hazards and protective measures when handling and machining 
contaminated or activated objects. 

- practical : monitoring instruments and methods for external radiation 
and surface contamination / behavior in controlled zones / instal
lation of temporary zones / protective clothing / active working 
methods / decontamination of persons and material / waste handling/ 
transport regulations / practical exercises in active workshop. 

3) Course C.l Type B : Radiation protection monitoring for emergency teams(l week) 

aim : See section 9.3. Mastery of handling the first emergency actions 
at the site of a transport or other radiation incident. Fencing 
off the site, cooperation with special teams, minimizing of risks 
for public and environment, self-protection during rescue etc. 

organization: as course A.l. 
topics : fundamentals : as course B,3 with main emphasis on emergency situation 

practical : monitoring instruments and methods / behavior under high 
radiation and contamination levels / protective clothing / prac
tical exercises of simulated accident situations. 

O Course C.2: Radiation monitoring exercise for army and civil defense (l day) 

aim : Demonstration and realistic^ but separate exercises of problems 
occurring in a fallout situation. Information on civil radiation 
protection and nuclear safety. 

organization: groups of max. 10 men, rotate between 4 posts for 4 hours, second 
part (visit etc) four or all groups together. 

topics : - post A : decontamination as a "houshold" problem. Contamination and 
coarse decontamination of military clothing with simulated fall
out (Tc-99m labelled AI2O3 grains with diameters of 70 - 150,urn). 

- post B : liquid contamination and decontamination of shoes and riand. 
Spreading of liquid contaminant (Tc-99m labelled glycol), decon
tamination with water, soap and brush. 

- post C : Shielding factors and inverse square law. A Cs-137 source 
in a rectangle of walls of earth, wood and concrete, fourth side 
open, is monitored from all directions at various distances. 

- post D : Radiation monitoring of a simulated fallout field. On an 
area of 2000 m^ a reduced scale model (l:80) of routes for moni
toring teams is laid out, spiked with camouflaged Cs-137 sources 
of various activities, simulating an extended contamination. The 
2 man teams with ordnance equipment have to monitor a total of 41 
points, calculate H+1 hr normalized dose rates and draw the con
tamination map on the real topographical map, control personnel 
doses etc. 

- Part II : Introduction to civil radiation protection and regulations, 
movie on nuclear energy, visit to EIR reactors with demonstration 
of operational health physics, environmental monitoring, waste 
treatment, protective clothing etc. Discussions according to par
ticular interests. 

***** 
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PROJECT TRAINING FOR GRADUATE STUDENTS IN HEALTH PHYSICS 

J.R.A* Lakey 

A.V. Yorfce 

Royal Naval College, Greenwich 
London SEIO, England 

ABSTRACT 

The Royal Naval College has conducted graduate training in health physics 
for over 10 years and has developed a syst«ti of piroject training vAiich gives 
students practical e3q>erleice in the context of the formal theoretical course. 
The purpose of project training is to provide realistic radiological protection 
problem solving at a time \Aieet. the student is consolidating his theoretical 
knowledge. 

This paper describes the procedures used to introduce, stipervlse, and 
assess these projects. 

The projects are initiated early in the course by presentation of a 
package which Includes a statement of the aims of the project, copies of 
relevant pê >ers, apparatus manuals, radioactive source calibrations and gxiide 
lines for progression of the project. The studeit is required to write a 
report on his project which is presented orally and staff appraisal takes 
account of all aspects of the students project work. 

The paper evaluates the success of this approach against the cost in staff 
and equipment resources required to achieve realistic and effective training. 

INTRODUCTION 

The Royal Naval College, Gre«iwich, has conducted graduate courses in 
health physics for over 10 years in association with other specialist post
graduate courses. The Department of Nuclear Science and Technology, v̂ ilch 
is responsible for these courses, was founded in 1959 to psravide a centre for 
Naval Nuclear Education and Training of officers and now offers over 18 courses 
per year to a total of about 250 students. All these courses contain an 
element of health physics. The necessity for health physics in the training of 
jreactor aigineers is already well recognised^ since they must understand the 
hazards of radiation and, as reactor operating personnel, they will receive 
the largest doses during reactor plant down time for repair or preventative 
maintoiance. The e:q>erience on which this paper is based was gained over the 
last 10 years in two specific graduate courses, one of 12 wedcs duration and 
the other 24 weoks. 

GRADUATE COURSES 

The first course, the Nuclear Radiation Protection Course (NRPC) has 
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already been reported^ but more recently another graduate course, the Nuclear 
Reactor Co\urse (NRC), has been extsided to Include radiological protection as 
an essential qualification. The NRPC is recognised by the British Institute of 
Physics and the successful NRC candidate also receives the Postgraduate 
Diploma of the Covmcil for National Academic Awards. 

DEPARTOENT FACILITIES 

The facilities available for training in the Department of Nuclear 
Science and Technology include the 10 kW training and research reactor JASON^ 
vftiich was the first to be installed in any educational establishment in the 
United Kingdom. This has given the staff considerable first hand ê qierlence 
and set a pattern in terms of safety documentation, procedures and 
applications to other Universities. The Reactor is tised to bridge the gap 
between simulator training and full power reactor training and provides a 
source of radiation vdilch is used in many s\;̂ portlng training esiperiments and 
projects. In particular it provides a realistic environment for students to 
leam how to handle, survey and control sources of ionising radiation. The 
reactor is used for 49% of the time for student training and diverges to power 
over 480 times per year. Over 2000 students have been trained and currently 
the Department provides 8 different types of courses. The research 
utilisation of the reactor includes several applications of activation analysis 
and reactor dynamics in addition to specific health physics studies such as 
reactor shleldingS and the study of radioactive aerosols^ and some dosimetry 
studies. 

PROJECT TRAINING 

The interdisciplinary nature of environmental health engineering has been 
aiphasised by the World Health Organisation'' in their booklet on The Education 
and Training of Environmental Health Engineers, which states that many 
disciplines may be required for the solution of complex environmaital health 
problems. 

This generalisation is specially true in health physics; team operation Is 
the rule and the individual member must be familiar with the vocabulary, 
techniques and goals of other members of the team. 

This paper describes an approach to graduate training in health physics 
vrî ch is designed to develop the student's awareness of other disciplines, and 
to give him practice at problem solving vinder realistic conditions. The two 
courses on vAilch the eŝ perience was gained aire being reviewed by objective 
training analysis which requires the definition of an Operational Performance 
Standard. This is translated into a Training Performance Standard which 
provides the basis for the detailed course design. All this denands effective 
feedback on performance of past studeits and also of the reactor plants on 
which they have worked. The replacement of convaitional set practical sessions 
by a smaller number of set practicals and project work has emphasised the need 
for careful attention to the objectives of the course. The projects themselves 
must be well organised to ensure full benefit for the student and effective 
appraisal of his success. 

PURPOSE OF PROJECT TRAINING 

DEFINITION OF A TRAINING PROJECT 

A training project is a supervised task set by the studeits* tutor to 
meet some objectives of the course. A good project must be Interesting to the 
student but limited in scope so that it can be conpleted within the time 
allocated. The project must be realistic to permit the student to recognise 
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a 'real prcd̂ l̂ t'; novelty and relevance provides the necessary motivation. To 
achieve these conflicting features the development of training projects relies 
to a large extent on feedback from ̂ erational establishments and spin off from 
d^artmental research projects. 

The purpose of project training must be examined in relation to the oversuLl 
objectives of the cotirse. A ooinnon feature in the objectives of health physics 
courses is the achievement of three inportant attributes vMch the successful 
student must possess. The student must: 

a. have a sovmd knowledge of the process whidi produces the hazard, 

b. understand the hazards of radiation, 

c. have sufficletit e^predation of practical problems to be rapidly 
accepted into the operating team. 

The development of these attributes is an Important objective of the course but 
it can not be met entirely by classroom instruction, especially vAioi the 
students themselves are practical men. Conventional practical work can be 
designed to r&-lnforce classroom instruction or to help students familiarise 
themselves with equipment and techniques, but it may stultify the studaits 
interest. When practical work has to be allocated in short periods of a few 
hours at one time, the studeit will rarely have the opportunity to use an 
interdisciplinary approach and the sterotyped exercise limits his scope for 
problen solving. On the other hand, set practicals are straight forward to 
administrate, and it is con^aratively easy to assess the studoits performance 
against that of his colleagues because the work expected is identical. 

PROJECT OBJECTIVES 

The ̂ tproach described in this paper replaces most of the set practical 
sessions by more broadly specified projects designed for the following purposes: 

(1) To e^ply the student's theoretical knowledge acquired from the 
course woric to problens associated with the operational situation. 

(2) To give direct experience of relevant health physics practice. 

(3) To emphasise the interdisciplinary nature of health physics. 

(4) To assess the student's ability to solve problems \mder realistic 
conditions and his ability to communicate his observations and 
recommendations. 

The first two objectives replace the set practical but added motivation can 
be Inparted vdien the project contains an element of novelty. The third <A>ject-
Ive requires an ii^ut from other disciplines such as reactor physics, reactor 
engineering, chemistry, metallurgy and radiobiology. This is important to ensure 
that the studait is made aware of the relevance of his work to overall plant 
safety. The last objective reveals the special advantage of project training 
and, to achieve it, the class have to share experience gained on the individual 
projects by pai±lcipatlon in a formal presentation of the project r^x>rts. 

PROJECT mukSEmm 

The introduction of project work and its subsequeit extension to become a 
significant proportion of Coxurse time necessitates the designation of a Project 
Manager. The Project Manager is responsible for coordinating individual project 
supervisors to ensure the satisfactory progress of the projects. These 
sv^ervlsors are required to carry out the following tasks:-
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(1) The production of the project outline (in association with the 
Project Manager)• 

(2) The day to day supervision of the project. 

(3) The timely presentation by the student of a project r^>ort 
and the provision of guidance as to the required standard. 

(4) The eissessment of the r^ort in conjunction with at least 
one other member of staff. 

PROJECT PACKAGE 

The project work described in this paper is given to students undergoing 
relatively Intensive training in which the duration of projects is strictly 
controlled. It is therefore essential that the objective and project outline 
are clearly defined. The use of a 'project package' has been developed in an 
attenpt to maximise the benefit to the student. 

The project package is required tot 

(I) Provide the studeit with sufficient Information on vftiich to 
make his choice of project, 

(II) Ensure that sufficient staff work has been undertaken to 
permit the completion of a worthwhile project. 

(ill) Enable a oortparison of the project proposals to be made in 
terms of the level of the work involved. 

(Iv) Provide the Project Supervisor with the basis for monitoring 
the progress of the project. 

The project package includes: 

(I) The background Information necessary to place the project 
in context. 

(II) The objective of the project. 

(ill) The schedule of apparatus to be made available and the 
apparatus manuals. 

(iv) The guide lines for initiation of the project. 

(v) Selected reference material. 

Having made his choice, the student is provided with sufficient information 
to commence some basic reading and planning before any further discussions are 
held with the supervisor. In this way the student Is able to take some part in 
the initiation of a project. A typical project package is summarised in 
Appendix 1. 

PROJECT SELECTION 

Three factors are considered in the selection of the individual projects: 

(1) The previous experience of the individual studajt; 

(2) the future task in which student will be engaged; 

(3) the student's performance. 

It is sometimes possible to remedy obvious deficiency In the student's 
past experience by the selection of an expropriate project. Alternatively the 
students best interests may be served by oon̂ jleting a project relevant to his 
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future commitment. The studait is encouraged to discuss the various projects 
with the supervisors so that the selection also reflects his personal interests. 

PROJECT SUPERVISION 

The responsibilities of the project supervisor woxild appear to diminish 
once the project Is launched since the student has sufficient background 
information. Eiqperience has shown that the siî ervisor must act in an advisory 
capacity, reviewing progress at intervals determined by the duration of the 
project. In this context the student^^v^ervisor relationship is lR|>ortant, and 
an informal approach has been found to provide the ease of communication which 
Is an essential part of project work. 

In the event of a major equipment failure, or a particularly interesting 
unforeseen development, the supervisor may redirect the project to capitalise 
on the situation. The project work culminates in a formal report and the 
supervisor is required to review the draft rqjort and make constructive 
suggestions and query any doubtful aspect of the studeit's work. 

PROJECT APPRAISAL 

Within one course all the projects may have different main topics and 
therefore different supervisors. Although the e:q>ected work cont^t can be 
assessed by the Projects Manager, the problens arising in the execution of the 
project may require a different woi5c content and the demands of the individual 
sv^ervlsors cannot be standardised. This situation may generate some 
difficulties in achieving a fair ooisparison of each project. The supervisor is 
therefore made responsible for the preparation of a wrlttoi sximmary of the 
report which takes account of these variable factors. 

The project which carries up to one third of the course marks is finally 
evaluated under the following three headings:-

a. Methodology and Practical Work. The orderliness of the approach 
adopted by the student and the design and execution of the project 
is examined to establish his penetration of the problem. 

b. Written Report. This is examined to provide further appreciation 
of the student's reasoning powers and orderliness in presentation. 

c. Oral Piresentation. This reveals the student's ability to 
exercise judgement in the selection of the inportant aspects of 
the work and his performance in answering questions on the project 
demonstrates the d^th of knowledge and coisprehenslon. Since all 
the Course members and the examiners are present at the oral 
presentati<»i, it serves to acquaint the other students with the 
stibject and helps to share pairticular lessons that have been learnt. 

EVALUATION OF PROJECT WORK 

STAFF RESOURCES 

At first sight the project approach to training appears to be more costly 
in both time and resources than formal practical work. This depends on the size 
of the course and the degree of utilisation of the laboratory equipment. For 
exanple, 6 groups of students could perform a set practical either (a) 
simultaneously and therefore requiring 6 sets of ĵuipraent, or (b) in three 
separate sessions requiring 2 sets. The solution adopted is usually constrained 
by the overall course programme, v̂ iich determines the timing of the practical 
sessions. Since the RNC courses involve practical work in several topics it 
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has been policy to arrange several different practical sessions in parallel, 
the students completing each experlmoit in the various laboratories. Hence the 
laboratory utilisation achieved is dependant on the size of the Couirse, but on 
the average is equivalent to 3 sessions per esq̂ eriment per coutrse. This policy 
has oisured that, with the exception of the very low cost equipment, only a 
limited number of sets of equipment are required. 

The develc^ment, documoitation and updating of the convoitional practical 
training also requires considerable resources and Tables 1 and 2 compare for 
the same allocation of practical time, the total man-hours of staff time for 
formal practical and project work. The Tables are based on 8 students on the 
course with the breakdown of laboratory work being typical, rather than specific 
to any one course: development costs are calculated on the assunption of a 
review of all experiments after every 2 to 3 courses. 

TABLE 1, CONVENTIONAL PRACTICAL 

TASK 

Administration 
Development 
Basic Radiation Protection 
Basic Radiation Physics 
Basic Reactor Physics 
Simulator 
Examination of Practical work 

STAFF 
HOURS 

20 
3 
6 
6 
8 
4 
1/5 

SESSIONS 

1 
20 
2 
2 
2 
2 
8 

NUMBER OF 
PRACTICALS 

^ 
-
10 
4 
4 
2 
20 

TOTAL TIME: 

TOTAL TIME 1 
HOURS 

20 
60 
120 
48 
64 
16 
32 

360 hours 

The calculation for the project work is based on 8 students each under
taking a different project, with the support of some basic introductory 
es^eriments and is chosen to Illustrate the maximum staff effort. Some formal 
practical work must be included to ensure that the student is familiar with the 
basic radiation laboratory procedures and techniques. These costs could be 
reduced by combining students into groups of 2 or more for each project but 
this removes some of the advantage of project training. 

TABLE 2, PROJECT WORK 

TASK 

Project Administration 
Development and 
Consultation 
Planning and Pr^aratlon 
Supervision 
Assessment 
Presentation 
Basic Radiation Protection 
Basic Radiation Physics 
Basic Reactor Physics 
Examination of Practical work 

STAFF 

HOURS 

3 

2 
10 
15 
4 
3 
6 
6 
8 
1/5 

SESSIONS 

1 

1 
1 
1 
1 
1 
2 
2 
2 
2 

NUMBER OF 
PRACTICALS 

8 

6 
8 
8 
8 
8 
2 
2 
2 
6 

TOTAL TIME: 

TOTAL TIME 1 
HOURS 

24 

12 
80 
120 
32 
24 
24 
24 
32 
3 

375 hours 

These figures trtilch are based on several yeairs e3q>erlence demonstrate that 
the cost in terms of man hours differs little between the two alternative 
sch«Des, In the planning ani preparation of projects the specialised experience 
of the supervisor is vised and this Is more stimulating for him than the 
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development of set practicals to achieve more limited objectives, A survey of 
the equipment resources required for mounting the woiic described in Table 2 has 
shown that as a result of the extensive use of project equipment in research and 
the flexibility in planning a reduction of 25% in the ca{>ltal equipment cost 
was possible coiii>ared to conventional practicals. 

COMMENTS ON THE STUDENTS RESPONSE 

STUDENT REACTION 

The total time allocated for participation in practical work in set 
practicals and in projects is the same. However, the student reaction to the 
laboratory work in each scheme is noticeably different. 

The students on intensive courses will quickly form opinions on the 
relevance and necessity of the practical work and will reject unnecessary 
duplication in the presentation of the material. Set practicals with the 
visual close relation to the lecture material are frequently rejected as 
repetitive. In contrast projects have stimulated student interest and 
participation and help to ensure that the objectivity of the course stands v^ 
to close scrutiny by the students. One measure of the success of the project 
is the amount of additional time a student may be prepared to devote to the 
work; in fact it is coinaon for the supervisor to have to ensure that the 
student does not spend an excessive amount of time on the project. 

STUDENT ATTAINMENT 

The effectiveness of any Instructional technique in attaining some part of 
the course objective cannot easily be objectively assessed and subjective 
assessments tend to vary widely. The ultimate test is to follow vip the students 
vdnen they have moved on to their operational role. If the staff effort is 
available the students are interviewed in their %4Drk area at least one year 
after completing the course. Students do appear to move smoothly into their 
opeaational task| in some cas«6 oontinulng to follow up the project topic as a 
centre of interest in their new job. This itself is a omvlnclng demonstraticm 
of the value of this approach to the student. 

CONCLUSIONS 

The procedures described in this paper are offered as a product of 
systematic course design which could be applied to other graduate courses in 
health physics. The two courses on which this work has been developed are 
relatively long - 12 weeks and 24 we^s respectively - but it is considered 
that the method can be applied with success to shorter courses. The reliability 
of the apparatus used and the provision of guidelines for the project becomes 
Important if the student Is not to waste valuable time coping with instrument 
faults or re-disoovering relatively unimportant Information. In all cases the 
si^ervlsor must ensure that there is sufficient scope for problem solving and 
that the project does not relapse into meaningless collection of data. The 
experience and judgement of training staff are taxed more heavily in the 
project supervision than the more passive role of monitoring a set practical. 
In many cases the student gains his first rigorous experleice in scientific 
conaminication when he pr^ares his project report and presents it to his 
colleagues and the examiner. It is probably this increased demand on the 
supervisor and student vdnlch ensures the success of this apprx>ach to health 
physics training. 
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APPENDIX I 

PROJECT PACKAGE 

"She package contains the following main items:-

1, Objective of Project 

2, Background information 

3, Equipment and Services siq>plied 

4, Guide lines for progress 

5, Literature references and Instrument Manuals 

To Illustrate this the following is an abbreviated package for a 
Thermoluminescent Dosimetry Projectt-

1. Objective: To investigate factors affecting the precision of TLD-700 for 
dosimetry in low level photon and neutron fields. 

2. Backqrovmd: The operation of a nuclear reactor Involves the staff in 
radiation e:qx>sure to mixed photon and neutron radiation fields. Whilst the 
radiation levels may be low conpared to the legal limits there are both 
ethical and practical reasons for aiming at high precision in these measure
ments. For example, the success of a shield design may be judged by the man 
rem accumulated by the operating staff or a new reactor plant may be surveyed 
by short duration exposures of TL dosimeters. 

3. Equipment and Services Supplied: 

I. Access to the research reactor 

II. One Dynatron TLD reader modified to give a graphical display of 
glow cuxrves 

ill. Annealing ovens 

iv. Dispensing equipment for powder, extruded chip and disc forms 
of TLD 

4. Guidelines: 

I. Delineate radiation fields to be studied taking account of 
operational conditions on a power reactor against the closest 
approach available on the research reactor. 

II. Gain familiarisation with TLD equipment by trial runs on 
Irradiated samples 

ill. Assess the number of tests feasible in the time available 
and schedule test points 

iv. Execute selected measurements, read and analyse data for 
precision 

V. Run subsidiary e3q>erlments after discussing (iv) \id.th 
Supeirvisor 

vl. Write draft rQ>ort 

5. Literature References and Instrviment Manuals: 

References and manuals are revised and amended for each project. 
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THE LAW AND LOW LEVEL RADIATION 
Charles F. Eason and Natalie Y. St. Denis 

U. S. Atomic Energy Commission 
Washington, D.C. 

Abstract 

One of the responsibilities of the health physicist is to recommend and 
enforce radiation protection standards based upon recognized occupational 
radiation exposure guides. It follows, therefore, that the health physicist, 
because of his background and technical knowledge, will play a key role in 
evaluating a claim allegedly arising out of exposure to ionizing radiation. 

It is the purpose of this paper to examine a number of latent radiation injury 
cases with particular emphasis on the kinds of radiation records offered in 
evidence, the nature of the expert testimony by both the health physicist and 
the medical expert and the conclusions of the court or Board in the final 
adjudication of the claim. The paper will also explore the views of those 
who hold that the present legal system in the United States is not appropriate 
for the handling of latent injury claims. 

Introduction 

It is well known that in spite of the highly successful efforts of those 
engaged in the field of radiological health, radiation workers run a risk of 
being exposed to some degree of radiation in the course of their employment--
however small that risk may be. Radiation workers may also develop certain 
diseases that are known to be caused by radiation but which also develop 
spontaneously in the absence of radiation exposure. What happens in the 
United States when a radiation worker sues for compensation on the basis that 
the disease from which he is suffering was incurred in the course of his 
employment? 

In cases involving substantial exposure, recovery is almost always assured. 
However, in cases involving delayed injury, the claimant rarely recovers. 
Should he? 

The purpose of this paper is to examine this question. 

In order to understand the reasons why so few cases involving low exposures 
and delayed occupational injuries are compensated, one must appreciate that 
it is first necessary under our legal system to determine whether the exposure 
"caused" the injury. It is also necessary to draw a distinction between the 
two categories of radiation injury cases: (1) Claims involving acute effects 
which appear immediately or within a short period after a very large exposure; 
and (2) Claims involving latent effects which do not manifest themselves until 
years later. In the first instance they offer the litigant, the expert 
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witnesses and the courts little difficulty. Dosimetry can be reconstructed, 
and the symptoms or illnesses are usually characteristic. Because the nexus 
between the pathology and the disease is obvious, causal relation is relatively 
simple to establish. It is the second category of cases that pose problems of 
causation. Why? 

Causation 

Simply stated, it is because the proof of causal connection in a claim for 
injury, if we accept the medical notion of the meaning of the term, is, in 
most instances, extremely difficult to establish. 

In a radiation claim both the physician and the court must confront the 
problem of causation. When the medical expert is asked to testify concerning 
the cause of the claimant's pathology it frequently develops that his testi
mony is so couched with reservation that the court or board has no alternative 
but to make the medical determination on its own. The reason for this hesi
tancy or inability on the part of the medical profession to find causation 
lies in its notion of the meaning of causal connection. Doctors define 
causation in a special sense. They prefer to base their conclusions on 
statistical studies of the relationship between a suspected causative factor 
and the disease. In 1969 an outstanding authority on workmen's compensation 
pointed out that longitudinal studies, using an exposed population group and 
one or more control groups are a principal device for testing causal theories 
involving human pathology and that longitudinal studies yield information 
concerning probabilities of causal nexus in a population. But the legal 
problem, always, is to determine causal nexus in each individual case. "The 
unspoken medical assumption is that causation in a legal proceeding is a pure 
question of scientific fact'.' However, in the absence of a suitable test 
which could be used to establish the dose-response relationship at low range, 
the medical expert is willing to assume for purposes of conservatism that no 
threshold exists and that linear build-up may possibly result in adverse 
biological response. But when the etiology of a disease remains unknown, the 
medical expert will not under most circumstances say that the exposure 
"probably caused the disease." The reasons are crystal clear. At the present 
state of scientific knowledge it is simply not possible to relate individual 
response to disease, nor does the solution appear imminent. Some fourteen 
years ago a view was expressed before a Congressional Committee that "The 
more that is discovered about the complex etiology of disease . . . the less 
it appears possible to identify causality, and the more we grow dependent 
upon vague and arbitrary interpretations, with inevitable inequities . . . ." 

When an employee develops a disease which conceivably could have resulted from 
occupational exposure, should the economic loss fall on the employee or should 
it be shifted to the employer? The courts in the United States in many 
instances have taken a rather juristic view in response to this question. It 
is clear that the courts need not be bound by medical notions of causation for 
medical evidence indicating a distinct possibility of a relationship between 
the job and the disease, while insufficient to support a finding of causation 
in the medical sense, may warrant a finding of causation in the legal sense. 
Our workmen's compensation laws in the United States t3T5ically include a 
mandate that they should be liberally construed to protect the employee. This 
being the case, decisions not to compensate where the exposures are small but, 
nevertheless, the employee is suffering from a radiation connected disease, 
may very well be inconsistent with the policy and purpose of our workmen's 
compensation laws. 

Unfortunately most courts take the position that they cannot deviate from the 
requirement of medical probability. For example, in a recent Texas Supreme 
Court case^ in which the claimant was denied compensation, the court found 
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that the evidence did not indicate the existence of "a reasonable medical 
probability" of causal connection between petitioner's cancer and radiation 
but merely "the possibility" of such a connection. In drawing what it termed 
a logical distinction between a "reasonable medical probability" and a 
"medical possibility" the court said, " . . . a possibility becomes 'probable' 
when in the absence of other reasonable causal explanations it becomes more 
likely than not that the injury was a result of its action." 

However, the opinion of the dissenting judge is worthy of note. He found that 
the expert medical testimony indicated that the etiology of cancer is really 
unknown, that the claimant's cancer could have been caused by radiation, but 
that there was no way to determine the cause of a particular cancer; that it 
is possible for a person exposed to radiation over a long period of time to 
develop cancer, but that it could not be stated how much exposure would be 
required; that any radioactive material can conceivably cause cancer on 
prolonged exposure; that anyone exposed to certain amounts of radiation has 
a higher than normal risk of developing malignant changes in the body tissues 
but that in this particular situation a diagnosis of probability either way 
could not be made. 

Further, he rejected the weight the court placed upon the medical opinion 
evidence of experts who refused to testify that the cancer was "probably" 
caused by the radioactivity to which the petitioner was exposed. In his 
dissenting opinion he stated, "We are not to isolate the testimony of the 
doctors, but must determine the effect of such testimony upon other eviden
tiary proof in the case." 

This statement was followed up with a reference to the spirit of workmen's 
compensation statutes and the need for liberal interpretation. He admonished 
the court for apparently forgetting "for the moment" the purpose of the Texas 
Workmen's Compensation Act. He stated that to hold, as the court held, that 
the evidence as a whole, which the jury considered in reaching its conclusion, 
did not meet the standard of proximate causation with sufficient certainty to 
impost liability upon the insurance carrier of claimant's employer, "is to 
effectively remove injuries which require medical testimony to substantiate 
causation from the common law of tort." 

Health Physics Testimony 

Now when it comes to dealing with roentgens, rads and rems and the recommen
dations of the various standard making bodies, we find that this is the field 
of expertise of the Health Physicist. It thus follows that because of his 
background and technical knowledge and the complicated array of terminology 
which finds its way into a radiation claim, the health physicist will play a 
key role in evaluating an individual's radiation exposure. The courts cannot 
adjudicate and the medical expert cannot opinionate until the source, duration 
and amount of exposure is known. In fact, the health physics experience of 
the injured claimant is one of the most important factors in any claim involv
ing radiation injury and the health physics testimony and evidence is of 
extreme importance because it protects medical experts by assuring them that 
their testimony and opinions are predicated on the most probable exposure. 
Furthermore, the health physicist supplies and interprets available radiation 
records of claimants' external and internal occupational exposure (e.g., film 
badge and other types of dosimeter records, whole body counter records, record 
of bioassay data and interpretation, etc.) and he supplies estimates of expo
sure in the absence of radiation records and interprets other records relating 
to the claimant's exposure (e.g., records of work orientation and training, 
radiation and contamination survey reports, records relating to the radiation 
status of the claimant's work area and records relating to the employer's 
radiation protection program.) 
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Although it is the considered view of many lawyers familiar with radiation 
litigation that "records are the most Important item in establishing dose from 
a legal standpoint',' there are still members of the health physics establish
ment who, I regret to say, maintain that the record developed on a day-to-day 
basis to assure the safety of the radiation worker has little value 15 to 20 
years later when that very same record is introduced in a workmen's compen
sation proceeding as evidence of exposure. However, it is apparent from a 
reading of the cases that not all health physicists agree with this position 
for they have on many occasions furnished courts and boards with convincing 
evidence of the claimant's exposure from the radiation exposure records in 
their possession. 

For example, in almost all of the claims containing allegations of radiation 
injury, radiation records (e.g., dosimetry, bioassay and other records related 
to the claimant's exposure) are not only supplied by the health physicist but 
are examined and referred to by the health physicist and the medical expert in 
deciding causation. 

By way of illustration, in a case involving a blood disorder a health physicist 
testified that records showed the premises where the claimant worked were 
found to meet the standards of radiation protection as recommended by the 
National Committee on Radiation Protection. He also testified that film badge 
reports indicated all exposures were below permissible dose. The radiation 
expert in the case noted that after reviewing the case file, film badge read
ings and the physicist's survey of the environment, it seemed apparent that 
claimant's exposure had been at a relatively low level which would not be 
expected to give rise to incapacitating bodily injury. Compensation was 
denied. 

In another case involving exposure to radioactive tracers for a five-year 
period, a medical expert stated, after review of the records: 

"Beginning with the exposures received, we find that these are 
well documented and do not appear excessive . . . . Dosimetry 
appears to have been reliable and film badge and monitoring 
reports indicate that the decedent's exposures were well below 
those considered maximum permissible. . . . " Compensation denied. 

The most popular argument advanced by those who discount the value of radia
tion records is the unreliability of monitoring devices to record low expo
sures. Yet from my own experience I know that a properly organized health 
protection program can and does furnish data which provides a pretty good 
estimate of the maximum exposure which the individual worker could have 
received in the course of his employment. In fact, there is testimony from 
the medical establishment that negates the view that records have no value. 
In a recent case in which the claimant wore no film badge a medical doctor 
noted: ". . .[claimant] wore no protective badge which would have adequately 
monitored his X-ray exposures." Compensation denied.^ 

While recorded exposures are valuable evidence in a radiation claim, I 
believe you will agree that it is important that the courts not give undo 
weight to evidence of exposure in recorded form at the expense of other evi
dence of exposure. For example, in the Texas case which I cited earlier it 
appears that the court may have relied too heavily on the film badge analysis 
alone in denying the claim of a radiation worker while disregarding other 
estimated evidence of exposure. 

In this case the decedent was engaged in handling, assembling and disassembling 
nuclear materials and weapons for approximately four years. For a two-year 
period while "handling" the materials, he was not issued a film badge or 
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or protective clothing. For the other two-year perios, he was issued film 
badges and protective clothing. Badge analysis revealed exposure on two 
occasions as 36 milllrems, although this was determined to be only a fraction 
of his total exposure since the badge was being worn under protective clothing. 
The amount of exposure was not known but estimated to be greatly in excess of 
36 mr. In addition, evidence showed that petitioner was on one occasion in 
an "incident" area but the proximity of petitioner to the location of the 
"incident" or number of rems to which he was, in fact, subjected was not 
known. The protective badge worn by a fellow worker also in the "incident" 
area showed 6,500 milllrems of radiation. Evidence further showed that, for 
two years petitioner was exposed to "radiation leaks" from material handled, 
but the amount of radiation to which he was subjected was not known since he 
was issued no measuring device. 

In addressing itself to the petitioner's contention that "the whole evidence" 
of this case did create a reasonable medical probability, the court agreed 
that reasonable medical probability can be based upon "the whole evidence." 
However, the court could not agree that such evidence was before them inasmuch 
as the extent of any radiation beyond the relatively safe dosage of 30 mr was 
unknown. 

In another case it was the absence of recorded evidence which appears to have 
influenced the U. S. Veterans Administration in denying compensation to a 
veteran who was assigned as an X-ray technician from 1953 to 1954 and 
developed acute lymphocytic leukemia in 1969. He wore no film badge and 
there were no records of his work environment. In spite of health physics 
testimony that there was a 50% to 80% chance that occupational exposure 
caused his death, the Board pointed out that the evidence of record did not 
indicate that the veteran received "excessive radiation" during service. 

In a 1961 Federal Workmen's Compensation Appeals Board Decision, the Board 
stated that because of the absence of a film badge during one period of the 
claimant's exposure, it was impossible to determine whether there was a 
significant exposure to radiation. Compensation denied. 

Total Evidence 

From the point of view of the lawyer, the radiation record can never be too 
extensive. Accordingly, he will want to know of his client's total environ
mental exposure--occupatlonal and non-occupational. 

In a radiation claim a statistical game of possibilities and probabilities can, 
and in many cases does, greatly influence the result in a workmen's compensa
tion case and, accordingly, the availability, accuracy and adequacy of expo
sure data, including prior medical as well as industrial exposure, takes on 
great legal significance.^-' 

By way of example, take the case of a young man who developed acute leukemia 
after an exposure of a little more than 5 rem during a four-month period. A 
physician, knowledgeable in the effects of radiation, became acquainted with 
the case and noted that the man had received an indeterminate but apparently 
large amount of therapeutic radiation as a child. Keeping this in mind, and 
the fact that there is usually no decrease in the potential to induce leukemia 
by a long interval from the time of a first dose to the time of a second addi
tional dose, the doctor felt that the worker's leukemia, if not caused, was 
at least aggravated and precipitated by his low occupational exposure. Compen
sation was granted.^^ 
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The Aggravation or Acceleration Theory 

The concept of aggravation appears to offer an alternative for the medical 
expert who seeks to establish medical probability in the face of low occupa
tional exposures. In one case, a veteran who had been involved in nuclear 
testing while in the service was then employed teaching radiological safety 
as a civilian. He claimed that his leukemia was a result of exposure received 
during six years of civilian employment. Service connected exposures were 
unrecorded and civilian exposures were low. However, it was noted that there 
were certain instances of exposures which could well have been "over permis
sible limits." A radiologist found that the final monitored exposure could 
well have been an aggravating factor and, although the degree of claimant's 
exposures were conjectural, the leukemia could be considered the probable 
result of his occupational exposure. Compensation was granted. -" 

In another case, the claimant had a history of working in a microwave environ
ment. After a latent period of many years he worker intimately with a weak 
ionizing radiation source. A board certified radiologist found that the low 
exposure to ionizing radiation resulted in a reactivation and/or acceleration 
of a dormant cataract and pointed out that without prior sensitization of the 
lense by exposure to microwave radiation, the radiation from the electron 
microscope would not have adversely affected the claimant. Compensation was 
granted.'•̂  

In yet another case, claimant was employed as a medical radiology and X-ray 
technician for approximately eight years. He developed leukopenia. Evidence 
showed that radiation protection practices were good and records showed 
exposures were low. The Bureau's Medical Director supported a causal relation
ship by aggravation from Chloromycetin, a potent antibiotic with a known side 
effect of bone marrow depression. 

In a 1971 decision a civilian X-ray technician was granted compensation for 
chronic myelogenous leukemia. Evidence showed he had been exposed to low 
cumulative exposures for 20 years in the course of employment; that radiation 
protection was good; that he had service-connected exposure for a period of 
one year at the age of 18; that during three months of training while in the 
service he was constantly exposed to X-ray without benefit of safety equipment 
or protective measures to avoid exposure. The medical opinion indicated that 
there was aggravation of previous pathology. The claim was allowed for 
leukemia due to radiation exposure.•'•° 

Occasionally an award is made even when occupational exposure is low and with 
no need to resort to the theory of aggravation. For example, in one case a 
medical radiology technician enqsloyed in that capacity from 1957 until 1961 
was isolated from further ionizing radiation in 1961 as the result of blood 
tests and the industrial medical officer's opinion that claimant had apparently 
reached his "personal level of tolerance." He developed leukopenia in 1966. 
Radiation records revealed no excessive exposure on film badge and personal 
pocket dosimeter. Work was performed using the accepted precautions of lead 
screens and aprons. It was established that claimant used reasonable care and 
had not been exposed to the direct X-ray beam at any time. However a radiology 
specialist attributed claimant's blood disorder to "Incidental radiation 
effects." Compensation granted. •'•̂  

In another case a 36 year old physicist at a radiation laboratory developed 
cataracts in both eyes. In his work around accelerators from 1950 until 1962 
film badge exposure showed only 0.61 R. An opthamologlst testified that 
claimant had radiation cataracts. Another doctor stated that claimant's 
cataracts were of the location and appearance associated with radiation cata
racts; that while these cataracts can occur without radiation and while 
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claimant's record of exposure was very low, in view of claimant's work and age 
group the situation was "highly suggestive." Compensation granted.20 

Radiation Protection Standards 

The health physics profession readily admits that there is no such thing as 
known radiation safety; by that I mean some level of radiation exposure below 
which there is no biological effect whatever. In short, frank admission 
is made that total protection against harm from man-made radiation would 
require a health standard of zero exposure; that radiation protection standards 
are not merely technical, that they are established through a balancing of 
risk versus economic and social benefit. Safety standards do not take into 
account the physical difference among individuals. Even though for safety 
guide purposes use is made of a "standard man" concept to determine the mass 
and effective radius of the critical organs of the body, when it comes to an 
individual radiation claim, the claimant's dose-response can hardly be 
considered standard. Yet a review of the cases shows that in a substantial 
number of claims permissible levels of exposure are used as indices of safety 
when deciding the issue of causation. 

For example, a radiologist noted that the claimant's exposures "were in fact 
considerably in excess of the maximum permissible dose." He concluded the 
claimant's exposure probably caused his death from lymphosarcoma. Compensa
tion granted. 

In still another case the medical expert noted that there was no contamination 
of the claimant's working environment "above permissible limits." Compensa
tion denied.23 

In another case a health physicist testified that the premises where claimant 
worked were found to meet the standards of radiation protection as recommended 
by the National Committee on Radiation Protection. The health physicist also 
testified that the film badge reports indicated that all exposures were "well 
below the maximum permissible dose." Compensation denied. 

In all of the claims referred to available film badge and other radiation 
records relating to claimant's exposure were introduced into evidence. Health 
physicists referred to records of exposure and related them to protection stan
dards. What was the purpose of such testimony if not to imply safety or lack 
thereof? It has been said that there is a general tendency among laymen to 
assume that any exposure in excess of the various permissible levels and 
standards for any period whatever can be equated with proof of medical causa
tion,^-^ but since protection standards were never intended as indicators of 
absolute safety their use in the courtroom should be carefully scrutinized. 

Alternative Proposals 

At this point I believe that the problems inherent in our present legal system, 
as it is applied to low-level radiation claims, are abundantly clear. However, 
it is still the majority view of the legal establishment that the established 
principles of common law torts should continue to be employed in cases of 
delayed injury from radiation exposure. 

Is there another route? 

Professor Samuel B. Estep of the University of Michigan Law School has, over 
the years, suggested a somewhat novel approach to the problem. He would award 
compensation simply for the increased susceptibility to possible future disease. 
The uncontrollable factors which limit the accuracy of biological measurement 
by physical dosimeter readings seem essentially the basis for Estep to suggest 
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establishment of a "Contingent Liability Fund"26 which would provide benefits 
to a radiation injured claimant regardless of his failure to show a causal 
relationship between the exposure and the injury. The proposed fund would 
consist of contributions by both the employee and the employer, the respective 
contributions to reflect both the "spontaneous" risk of leukemia and that due 
to the occupational exposure. In the event that the employee does develop 
leukemia, he is awarded a fixed amount of compensation without the necessity 
of adjudicating the causal relationship to occupational exposure. "Not only 
would such a scheme avoid the necessity for arbitrary adjudication, it would 
also avoid the expensive costs of administration. This would be of benefit to 
the worker, the employer and society as a whole."'^' 

The Estep approach is somewhat akin to the concept of national health insur
ance. There are those who point out that in Great Britain no man, woman or 
child need for any reason fall below a minimum standard of life. By a combi
nation of insurance schemes, a worker who comes down with a disease, occupa
tional or otherwise, is assured of full medical treatment and weekly benefits 
during the course of his illness. 

Some ten years ago. Dr. Herman Somers in testifying before a committee of the 
United States Congress stated that: 

"The evidence has been mounting for some time that the problems 
rising out of the scientific and technological revolution of our 
day are of a character which may not be capable of resolution 
within the traditional workmen's compensation design. The central 
question which we must ultimately face is whether or not, in the 
second half of the Twentieth Century, it will remain feasible, let 
alone justifiable, to operate a social insurance program on the 
old premise that a reasonably clear demarcation can be made between 
occupational and non-occupational disability." 

Lastly, for those who reject the Insurance approach, a statutory prima facie 
presumption in favor of the claimant has been suggested. The burden of proof 
would then be upon the employer to show that radiation exposure was not the 
cause of the claimant's disease. It is my guess that the employer may have 
just as much difficulty in proving no causal connection as the plaintiff now 
has In proving causal nexus. New York has adopted such a law. In a recent 
New York case-*' the employee, a theoretical physicist, died from acute 
myeloblastlc leukemis. In affirming an award the Court said: 

"The record discloses that decedent was exposed to radiation 
for a substantial part of two periods and also at other times 
in various amounts. The testimony of the medical experts is 
emphatic that there is really no 'threshold' or 'safe' dosage 
of radiation because at the present stage of scientific know
ledge it cannot be ascertained exactly what effects radiation 
has on the human body. It is also admitted that each individual 
reacts differently to exposure to radiation. The award is 
supported by substantial evidence and by the presumptions [N.Y. 
Workmen's Compensation Law §§ 3(2),47] . . . especially so in 
view of decedent's good health prior to his employment." 

Another example of the presumption concept can be found in the Federal Coal 
Mine Health and Safety Act of 1959 which provides for certain presumptions 
In favor of the claimant in pneumoconiosis claims where it is found that the 
miner was employed for ten years or more in underground coal mines. 
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Congress has in the past considered legislation which would have instituted a 
Federal workmen's compensation program for employees exposed in their employ
ment to "radioactive materials." The Price-Zelenko blll-̂ 2 would have estab
lished a presumption of causation in favor of any employee who (a) received 
an exposure in excess of the limits set by a Federal agency and (h) developed 
any ordinary disease which the United States Public Health Service certified 
can be induced by exposure to radioactive material. 

During hearings on the bill there was strong opposition and rightly so to the 
proposal because a presumption of medical Injury would be based on some arbi
trary maximum permissible dose limit. 

However, it has been stated that a statutory prima facie presumption in favor 
of the claimant would not shift significantly the percentage of cases in which 
the claimant would be upheld. -̂  The solution would be for the Courts to apply 
the laws of negligence, of product liability and of workmen's compensation in 
the growing field of radiation hazards in a manner which supports preference 
for the plaintiff when causal relationship, though not clearly established, is 
clearly possible. The cases involving low exposures are relatively few. If, 
as has been said. Ionizing radiation "Is the most studied, best understood and 
most wisely used agent','-'̂  the cases will continue to be few. Thus compensating 
a few individuals who have been exposed to levels of radiation which may have 
"possibly" caused their disease will not establish radiation as a hazard worse 
than it Is at the present time. If, in fact, the hazard Is miniscule, it will 
remain miniscule except for the injured worker. 

Those of you who have followed the course of this paper have reason to wonder 
as to the proper solution for the handling of injury claims involving low 
level exposures to radiation. There is no easy answer to this question. When 
a court of law is attempting to determine the cause of a claimant's pathological 
condition in a workmen's compensation case, the court is faced not only with 
the question of scientific etiology but with a policy problem as well; namely, 
whether under all the circumstances it is fair to shift the economic conse
quences of the pathological condition from the claimant to the employer. Some 
of the techniques I have described today would do this very thing, but until 
more research is done and we better understand biological response to radiation, 
a great deal of inter-disciplinary concern and effort must go into solving the 
problem of the worker who allegedly suffers disease and death from low exposures. 
IRPA, with so many qualified persons from all over the world professionally 
engaged and actively Interested in radiation protection, can contribute signi
ficantly toward a solution of this problem. 
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1. Summary 

Radiation protection and nuclear safety haue become major targets for attacks 
by critics and opponents of many sorts.We must try to improve our methods for co
ping with such challenges and avoid to waste too much of our time or forces. By 
learning from past mistakes and analysis of the situation appropriate tactics and 
strategies can be developed that take care of the immediate needs and set some 
long-range goals for improved information and education of the public. Charac
teristics and problems of using or cooperating with news media are discussed and 
some proposals for actions by IRPA and its affiliated societies are presented. 

The following ideas and proposals are the personal views of the author. 

2. Problems and types of confrontations with the public 

Within the last few years radiation protection and nuclear safety have sud
denly become major targets for attacks by critics and opponents of many sorts.The 
types and motives of such attacks have been discussed a great deal and shall not 
be repeated here. We all agree that the reproaches are not justified,neither ab
solutely nor in perspective to what happens in other protection and safety areas. 
But there exists an obvious information gap in the public, and at least part of 
the blame for this falls on us.Complaining does not liberate us from these prob
lems.The defense against the uninterrupted,often exaggerated or even stupid, but 
nevertheless effective attacks consumes more and more valuable time of authorities 
and experts without apparently leading to a quick success or visible end of such 
debates. The fact, that even government agencies or parliamentary committees are 
not ashamed of inviting self-proclaimed so-called "independent experts" and pro
fessional opponents on the same conditions as the real qualified experts shows how 
far the confusion about who is right or wrong has gone already. One is sometimes 
reminded of two sinister manifestations of the Middle Age, the Inquisition and 
the Crusades, which both were due to the agitation of fanatics appealing to idea
listic motives and fear, and which resulted in terror, retardation of progress, 
defeat and failures. Some countries had to bear the consequences for centuries. 
Frustration, anger, resignation, exhaustion of forces and neglect of main and long-
term tasks may be the undesirable results for our profession if we do not try to 
improve our methods of coping with such challenges or if we waste all our forces 
for short-lived emergency actions at the expense of a well planned long-range pro
gram. We must learn from past mistakes, analyze the situation and develop appro
priate tactics and plans. 

We have to deal with various characters, types and forms of confrontations, 
communications and contacts between experts and the public. The character of a 
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confrontation can be voluntary and offensive, when we have taken the initiative, 
set the goals and selected form,place and time, or it can be involuntary and de
fensive,when somebody else has invited,challenged or attacked us on his own terms. 

We can assume the following coarse types of contact : 

A) Public performances: information,discussion or contradictory meetings;hearings; 
panel discussions; press conferences (sometimes with radio and TV coverage); 
seminars and symposia etc. 

B) Mass media : press; radio; television; 

C) Publications: books; specialized periodicals; laws, regulations, standards ; 
in the future audiovisual items such as TV cassettes; 

D ) Educational programs 

Some aspects of each type with regard to our problems are summarized below, 
and some of them are discussed in more detail in Appendix B. 

A) Public performances have more frequently an involuntary character,being orga
nized by local political parties, societies, opponent groups, utilities or autho
rities. The audience is restricted to some hundred persons at most (radio/TV co
verage excluded) and it may often be selected or biased. The time available is 
always too short, be it for lectures and statements or for discussion.The atmos
phere is often unfavorable, unfriendly or outright unfair.Success or failure are 
very much dependent on the chairman or moderator and on the show talents of the 
active participants. Technical troubles with microphones and other inadequacies 
create additional problems.Meetings are often invaded by outside organized oppo
nent groups which try to monopolize the performance.Biased reports by mass media 
may present a completely distorted picture of the event to a much larger audience. 
Such public performances have mostly only short-lived effects and are rather nega
tive and unsatisfactory to anybody really concerned apart from "showstars" such as 
politicians or professional opponents. The level of the discussions is either pri
mitive or far above the comprehension of the audience. To sum it up : many pub
lic events are simply alibi-functions or much fuss about nothing. We should try 
to avoid them or restrict them to the voluntary variety. 

B) Mass media have their own rules and characteristics that differ locally and 
nationally and that have to be known precisely if any efficiency is attempted. 
To some extent also many politicians and other public opinion-makers have to be 
handled similarly. Mass media are primarily interested in "news", i.e. new infor
mations,sensations,stories, scandals etc. not yet published or diffused by other 
mass media. The main quality of such news must be to make headlines, to increase 
the circulation or audience. With some forms of mass media almost no limits of 
truth, morale or respect exist, only a sharp drop in circulation or rating can 
stop them. "Bad news is good news" for news media and much more interesting than 
dry facts.To be first to publish a sensation or information is much more important 
than to inquire or check the validity before publication.The correction of wrong 
informations is usually left to those involved or concerned, but does only rarely 
get tie same amount of publicity or prominent place as the original uncorrect fea
ture. The public or audience is large and of more or less unknown composition. 
Usually the confrontation will have an involuntary character. We have to expect 
biased, exaggerated or distorted presentations,even some sort of "censorship" by 
publishers, editors or producers with the easy excuse of lack of space or time. 
There is usually no long-lasting interest in a special topic with the exception 
of some outstanding newspapers or periodicals that have specialized editors or, 
writers, or of some "engaged" publications or reporters. Most newsmen have to deal 
with a large variety of topics without having time or interest to acquire a deeper 
knowledge. Few discussions or direct contacts with the public are possible; only 
a small percentage of letters to the editor are published, and no news medium 
likes to admit a mistake. With some notable exceptions the effects of news media 
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presentations last only a few days. Voluntary, active cooperation with news media 
is only possible if good personal relations to editors or producers can be estab
lished. The "target" public or audience is quite different for each medium, news
paper or program feature, and a "market and media research" similar to the one 
done by advertising agencies is necessary for optimal efficiency. 

C) Publications is used here as a collective term for all kinds of printed or 
otherwise duplicated material that are available and distributed to the public 
over a rather long or even unlimited period (e.g. through libraries). They can be 
used and reused at any time by laymen or experts, individuals and groups, in one 
or several countries at any not predetermined times. They may be copied, referred 
to, cited, summarized,often also discussed in mass media or special periodicals. 
A great advantage is ample space for detailed treatment of a topic. The size of 
the public is unknown. There is no direct mutual contact between author and rea
ders and no direct, immediate discussion. Misuse is possible without chances for 
clarifications or corrections. But many characteristics and rules are similar to 
those of mass media, and equivalent precautions are necessary for good results. 

D ) Educational programs of all types and on all levels are probably the most effi
cient contacts with long-lasting effects, extended and repeated interactions bet
ween specialists and the public. But good programs need detailed,time-consuming 
preparations, and their efficiency depends to a great deal on the pedagogic quali
ties of the lecturers or teachers. Such programs allow sufficient time for a tho
rough presentation of the material,explanations, repetitions and discussions, but 
also for the creation of an atmosphere of confidence between author and public which 
facilitates the implantation and acceptance of the informations.The audience will 
be small, except for some basic courses or radio/TV educational series, but if re
gular teachers are selected as the first targets and the topic can be incorpora
ted in various curricula and professional training programs, the repetition over 
many years will increase the size of the public and slowly build up a useful and 
solid foundation of basic knowledge. 

The present situation challenges us mostly with involuntary confrontations 
of the types A and B.In order to improve our position and win back the initiative 
we need a long-range program for the conquest of types C and D which will produce 
a feedback on the mass media and the general public.Public performances should be 
reduced to the indispensable minimum,i.e. voluntary events such as press conferen
ces, information meetings and symposia in a quiet, fair and matter-of-fact atmos
phere with an audience that knows at least some basic facts. But most of our pre
sent activities are fire-fighting emergency actions due to unexpected attacks.We 
struggle to hold our positions, and many defensive counterattacks suffer from a 
lack of time and preparation and may make things even worse. 

3. Some typical mistakes 

As the mistakes during public confrontations in the nuclear field have been 
discussed frequently, I shall only describe two typical mistakes or "syndromes" 
which are causing many failures but seem to be difficult to root out. 

3.1. The "prestige syndrome" or the "Peter Principle" of prominent speakers. 

A favorite trick to attract the public is to feature well known personalities 
as principal attraction or "decoration".Apart from the fact that a Nobel Prize is 
no a-priori qualification for omniscience, infallibility or even just competence 
in a field different from the one for which the prize was awarded, many of the 
prominent people are also victims of the manager syndrome or the "Peter Principle". 
If they only have to deliver a well specified "show" such as an opening speech 
or an invited lecture this may work perfectly well. But there are only few such 
prominent persons who have time to keep so well informed on all details and latest 
developments that they are able to survive a battle of public discussions with a 
well prepared team of opponents. Fortunately there exist excellent active scien-
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tists and specialists who also are fine speakers with a flair for good presenta
tion, didactics and effective discussions. You may be congratulated if you can 
get some of these for a meeting.But very often you will have to select between one 
of two types of prominent participants. One are the top managers of government 
agencies,research institutions etc.who by profession have to defend certain offi
cial positions.If they have enough routine with confrontations and get a thorough 
briefing by a good staff, things may go well. Otherwise they can sometimes be ma
noeuvred into a trap and may have to improvise answers to unexpected questions. 
Such answers often reach their"level of incompetence" and provide excellent wea
pons for opponents. 

The other variety of prominent people could be compared to showstars ( in 
his latest novel Koestler names them even "callgirls").They seek publicity, like 
to be in the spotlight, want to see themselves in news media, and ride, for per
sonal satisfaction or opportunism, on any popular "bandwagon".They are smart and 
often have a previous solid foundation of scientific or other achievements, they 
are good, witty speakers, and they are willing to deliver a talk on any favorite 
subject such as environmental pollution,world models,futurology or birth control, 
provided they get well paid and publicized. They have no scrupules to change the 
bandwagon as long as they can ride on top. But they keep mostly to the negative 
side in some top level protest movement, for it is much easier, less time-consu
ming and more colorful to criticize,to ride sharp attacks,to appeal to unconsci
ous feelings,fears and antagonism in the public than to study a problem in detail 
and to try to give a balanced but much less dramatic picture, or to offer construc
tive critique and useful proposals that are more than fancy,futuristic but entirely 
unrealistic dreams. 

3.2. The "babylonian or ivory tower syndrome" is well known and only too frequent 
in public performances of all kinds.Many speakers or panelists do not care about 
the intellectual level or basic knowledges of their audience. They feel obliged 
to prove their competence by using a disguise of specialized or sophisticated 
language largely incomprehensible to the layman. They embark on long monologues 
that drift away from the problem, or they complicate it by details, boundary con
ditions and reservations,that nobody anymore can understand whether the answer 
is yes or no. All the public does understand is that they do not understand any
thing, and that the experts do not know everything and seem to disagree quite a 
lot. No wonder that the public has less and less confidence in experts. If some-
boay really knows a subject he should be able to talk about it in clear simple 
terms and make the essential meaning of it comprehensible even to a layman. But 
beware of the other extreme: you may turn an audience against you also if you 
misjudge their level to the low side and use a baby language for an intellectual 
public. 

4. How to improve our methods 

Our forces and means are limited, much more than those of many "opponents" 
(this term will be used for the various partners or enemies in confrontations). 
We need better methods and systematic planning if we want to improve our situa
tion. It can be compared to a small army fighting a much stronger one, and part 
of the solution to some of our problems lies in the application of old proven mi
litary practices in planning, decision-making and tactics. These methods have 
in recent years been rediscovered and "re-invented" as "modern" management tech
niques under fancy names, but to anybody who knows military staff methods they 
are old familiar practice. To summarize: we must analyze past experience, recog
nize the typical and main mistakes, learn from other, similar situations, draw 
the necessary lessons, build up a good information network and start a thorough 
and systematic planning of a well defined program. 

It is a fundamental rule for military decision-making that before you can 
decide about the appropriate action, you have to analyze and evaluate the situa
tion and its possible developments by considering the following factors : 
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- the task which you have to carry out or the goal that you have to reach. It 
must be well understood and clearly defined. Vague orders end often with failure. 
- means, resources, manpower, allies that you can count on for your task; 
- the "environment", "background" or "climate" in which the operations must be 
executed (time, place, duration, form, political, economical and psychological 
factors and influences etc.); 
- Who is your enemy or opponent ? This includes real opponents as well as dis -
cussion partners or the audience. What is his position ? What are his motives ? 
What means and capabilities does he have ? What may be his plans and goals ? What 
support may he get from the audience ? 

- What is your "firepower" ? What "weapons" are at your disposal or applicable, 
i.e. which arguments, documents, informations, proofs, experimental results, visu
al aids etc. are available for the support of your cause ? How effective are they 
against the probable targets ? 

Once we have precisely defined the task or goal and impartially analyzed the 
situation,we must consider possible solutions or actions.These must be evaluated 
for efficiency,advantages and drawbacks, chances for success and possible reac
tions of the opponents.Only when we have gone through these mental exercises and 
can support them by some"experimental"evidence or "reconnaissance" are we ready 
to decide in principle how to act. Once the decision has been made, the tedious 
work of elaborating detailed action plans and preparing and testing all manpower, 
means and resources follows before we can start the action. 

For our present defensive and involuntary confrontations part of that process 
will forcibly have to be shortened or improvised due to lack of time and freedom 
of action.But it would be inexcusable to omit it altogether even in "involuntary 
battles", and it would be a crime to start a voluntary action before all these 
mental and material preparations have been finished an tested.In the Appendices 
A and B a collection of hints and ideas for many possible situations is given. 

We should also look for examples and models from other domains in everyday 
and public life with similar problems,where solutions have been found and tested 
and where we can learn a lot.Let me just name a few of them without getting into 
details: advertizing agencies,public relations in industry or government (Atomic 
Forum organizations. Technical Information Division etc.),professional societies 
such as ANS, IEEE or medical associations, accident prevention, traffic safety, 
environmental protection, industrial hygiene, civil defense and army, sports , 
churches,charity programs, political campaigns, educational programs and methods, 
mass media, etc. 

5. A general action propram for public information 

5.1. Short-range emergency program : 

No doubt there is an immediate need for an emergency program in order to hold 
the positions and survive in the flood of opponent charges and concurrent environ
mental protection fashions that,though late come,now try to monopolize the field 
and preach the only saving faith.The details of such"crash-programs" depend very 
much on local circumstances and resources, but some common problems can be seen. 

Part of our efforts should aim at bringing the discussion back to solid ground 
to a fair, matter-of-fact exchange of rational and objective arguments and facts. 
This may in some extreme cases require a strong, well aimed action against some 
fanatic and unfair opponents in order to uncover, expose and isolate them. Even 
when we get attacked we must make a clear distinction between honest and knowledge
able opponents who merit our consideration,and unfair fanatics without sufficient 
qualifications whom we must openly declare not to accept as discussion partners • 
on an equal basis. 
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A second goal must be to win back the initiative from opponents and opportu
nists. News media, public, politicians and authorities should get the basic and 
any new informations and facts first and without delay from us, from the specia
lists, not in a distorted or delayed way from news agencies, scandal reporters or 
biased opponent bulletins. We must inform quickly, openly and correctly, whether 
the information is favorable or not (incidents etc.),and we must establish direct 
information channels to all concerned.All this is of course easier if we have ma
naged to remain neutral in the nuclear dispute and can keep above economical or 
ideological biases.A fine example for such correct information is the recent book 
by Lindell and Lofveberg on "Nuclear Power, Man and Safety" which unfortunately 
up to now only exists in its original Swedish version. 

The information handling problems play a key role here as everywhere in mo
dern life. The flood of correct or wrong informations, arguments, statements, re
ports in the public discussion is even larger than in the scientific and techni
cal areas of radiation protection and safety, and it is often much more difficult 
to track down the original source and form of an information or to keep up-to-date 
with the latest developments and publications. This problem cannot be solved by 
individuals but needs a well organized cooperation on national and international 
levels. Below I shall offer some ideas on how our societies and IRPA might help. 

5.2. Long-range program 

Our long-range tasks have mostly educational aspects.We must familiarize the 
public, the news media people, the specialists of related fields, officials and 
politicians with the basic facts on radiations,their effects, protection, regula
tions, safety of nuclear technology and its applications, and relations to other 
risks in modern life. Radiation must become as familiar to them as space flight 
or stereophonic music. 

This requires educational activities on all levels and for all ages from high 
school to professional or academic training.The best approach is to get first the 
teachers on all those levels interested and trained in the subjects, then incor
porate the topics in the curricula of future teachers and instructors for public 
schools, higher education or professional training. The last step would be the 
integration into the curricula of the various educational programs. Besides regu
lar school programs we must not neglect post-graduate programs,on-the-job training 
in industry, adult education programs of universities or television networks,eve
ning courses etc. In some countries basic military or civil defense training may 
offer additional opportunities to inform large parts of the population. If it ma
kes things easier, our subjects can be incorporated into larger ones such as hy
giene or environmental protection as suitable carriers of more general appeal or 
interest. 

6. Some suggestions for action by IRPA and its affiliated societies 

Most of the work in the information field has to be done on the national le
vel, it is therefore primarily a challenge for our societies. A few examples from 
the activities of the Fachverband fur Strahlenschutz show some possibilities.One 
of our main goals is to keep the members in close contact with the society and 
each other and to give them as much information as possible. A news bulletin of 
about ten pages is mailed to them four times a year and contains all information 
on our society, its working groups, coming events, interesting news, publications 
etc. Each year's general assembly is combined with a symposium, the proceedings 
of which are given to all members free of charge. The exchange of informations 
and experiences and the cooperation are further supported by a number of informal 
working groups, started by the initiatives of interested members for the discus
sion of problems from a certain special area such as incorporation analysis, wor
king place monitoring etc., or, to mention two groups of special interest for the 
topics of this paper, on education and on public relations problems. The results 
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of the sessions of these groups are reported in the bulletin. When a problem has 
been treated, a short report, review or recommendation is issued, published and 
distributed to all members and, as the bulletins and proceedings, to representa
tives of societies, government agencies etc. On the local level the few health 
physicists on place must bear the whole burden of information, and it is vital 
for them, the society and our profession to keep all members well informed and 
up-to-date. If we cannot manage the information and education problems and needs 
of our members we have no chance at all to handle the public information problems. 

How could IRPA and its societies help us ? When I say "us" I mean all indivi
dual health physicists wherever they are in any way active in public information 
or education.We urgently need an excellent,fast and reliable information network 
on an international basis. Many symptoms and "viruses" of the present radiation 
and safety "syndromes" originate from other countries, often the USA, and infect 
other countries very quickly,because some opponent organizations have a good and 
fast information network with wide distribution. If we cannot build up something 
at least equivalent, we will loose the race. Certainly, in the nuclear field the 
Atomic Industrial Forum and its equivalents in other countries, or the Ameri
can Nuclear Society, have done a fine job, but they cover only part of our field 
and not always in the necessary details, apart from a certain bias towards the 
promotion of nuclear energy. As health physics also extends into medicine, envi
ronmental protection, industrial hygiene and other areas, we need our own system 
which covers all these fields.To subscribe to the information services of all the 
other societies and organizations is far above the financial means of a health 
physicist, and our only international link, the "Health Physics Journal", is far 
too slow and too expensive to fulfill this information task adequately.One reason 
why many societies almost never supply informations to the "news" section of the 
HPJ is the delay of several months before publication which often makes the infor
mation outdated. What we would need is an "IRPA Newsletter" similar to the fine 
examples of the newsletter of the Health Physics Society or the new"Radiological 
Protection Bulletin" issued by the British National Radiological Protection Board. 
This should be produced by cheap means and distributed, through the societies, 
to all members every 2-3 months. It should contain reviews of all new informations 
and developments, coming events, recommendations, new reports and publications etci 
In order to produce such a newsletter, IRPA would need an Information Center with 
a small permanent staff and offset printing facilities. This IRPA Information Cen
ter should be in close continuous contact with all IRPA societies, their working 
groups and members and through those with national authorities, committees etc. 
Through the Executive Council of IRPA and directly close connections and informa
tion exchanges should be installed to such international bodies as ICRP, ICRU,ISO, 
lEC etc. and to organizations such as IAEA, NEA, WHO and others. This IRPA Infor
mation Center could become a sort of clearinghouse for information on all aspects 
of radiation protection and even develop into an international central information 
service which not only publishes newsletters, reviews, handbooks etc., but also 
could handle individual requests for special informations. My proposal does not 
aim at multiplying the flood of informations, but rather at forcing it back into 
one or a few reliable and fast channels, reaching all of us with a minimum of de
lay and supplying all necessary informations in a compact form but without gaps. 
Of course such a project would need active cooperation and support by the socie
ties and probably higher financial contributions to IRPA. But it could create a 
very useful, internationally acknowledged function of IRPA and free it from the 
false image of being an organization which only sponsors some congresses. It would 
make IRPA as useful and renowned as ICRP or certain international organizations, 
but without the political drawbacks and restrictions of the latter and with a more 
practical note than the former. 
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7. Some implications for our profession 

I believe it is an obligation for all health physicists to be or become ac
tive in the education and information of the public.This has also some consequen
ces and feedbacks for our profession. Health physics must remain and become even 
more a respected, well known and well based profession of high standards with well 
trained and informed personnel on all levels.This can only be done if we support 
our societies and IRPA and actively take part in their programs,and if the socie
ties learn to operate as efficiently as medical associations. We must not lose 
the initiative or the tasks to other, more active,professional societies or pro
motional organizations. Close and constructive cooperation with national and in
ternational organizations, authorities etc. is very important, among other rea
sons also for the adequate representation of practical viewpoints. Our position 
should be objective and as neutral as our respective jobs allow. Correct informa
tions and the truth must be disseminated. We must continue to discuss problems 
openly on an international basis as we have done up to now without being afraid 
of publicity, abuse by opponents or pressure from interested parties. 

But a good deal of self-criticism is also necessary. We must constantly im
prove our professional standards, eliminate mistakes, bad practices and shortco
mings. All health physics tasks in industry, medicine and research must be car
ried out by well trained and capable health physics personnel. We should never ac
cept an unduly reduced or unsatisfactory health physics program with the argument 
that economical considerations are more important than adequate and reasonable 
safety standards and qualified personnel in sufficient numbers. If we do not fight 
such bad practices we shall soon lose face and credibility. Nuclear power,nuclear 
medicine and other applications of radiations should be promoted, but not on the 
costs of reduced protection. 

#** 

Appendix A 

Some ideas for pctions 

1) "Rent-a-program" 

Many professional societies, clubs and other organizations have a regular 
program of lectures, colloquia, information or refresher courses, excursions etc. 
The organizers of such programs are chronically short of topics and ideas. They 
welcome any reasonable proposal or offer. If our societies can offer ready "pack
age programs" of speakers or excursions and have put those into operation a few 
times, a growing demand may be expected from many halls. 

2) "Do-it-yourself" or "autosuggestion" 

People believe best what they have found out themselves. Students,laymen or 
specialists from other fields who are interested or even critical of protection or 
safety problems could be assembled in study or working groups and be given the 
task of studying a well defined problem. Our societies could sponsor such a study 
or at least support it actively by providing the necessary subtle guidance, assi
stance with literature and consultants and openly and critically discuss the fin
dings with the groups. If the results are interesting, suitable publication should 
be arranged and coverage by newsmedia organized. Such an experiment has of course 
its risks- and costs a lot of time, but it will help such a group to get a better 
insight into our problems, philosophies, working methods and the wealth of infor
mations available as well as the amount of work and experience necessary for jud
ging problems. 
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3) "Group therapy" 

We cannot educate or convince the public or its opinion-makers by large pub
lic meetings of the "Billy Graham" style. Producing mass hysteria of any kind ne
ver is a lasting therapy. The"single patient treatment" on the other hand costs 
too much time, money and manpower. But a suitable group therapy over a weekend 
or a working or vacatiian week may offer interesting possibilities for treating 
carefully selected groups of prominent people,opinion-makers,politicians,newsmen. 
Such people who get a lot of publicity cannot be converted, convinced or neutra
lized in a public event where they feel obliged to give the kind of "show" the 
public expects. The only chance to get across any barriers is to separate them 
from their audience and to offer them an attractive and pleasant opportunity for 
free, unrestricted discussion and useful information on an exciting topic in a 
family-type group of interesting people, without any official obligation, func -
tion or publicity. But do not mix newsmen and prominent people, for the former 
could not resist the temptation of reporting on the event, and the latter would 
feel obliged to continue their "show". A well prepared, even exclusive program 
frame is important, but sufficient time for informal personal contacts, discus
sions and brainstorming must be available. Do not preach or try to convert, be 
open, informative and matter-of-fact. Present your views and problems, but let 
also the guests give their view of the problems and suggestions for solutions. 
The most important goal is to win their confidence, to break down political or 
other barriers, to release tensions and to get rid of resentments. The effects 
will not be felt immediately, but such a program will bring positive results in 
the future to the profit of our long-range programs. This kind of treatment could 
also be called the "F-treatment" where F stands for fun, friendly, food etc, but 
also for "feed facts, fight fiction". 

4) The "domino or bandwagon effect" 

Newsmedia, politicians and many other prominent people like to jump on a 
bandwagon, i.e. to be on the forefront of any actual happening or event getting 
sufficient publicity. If we therefore can get some influential people or news me
dia interested in our problems such that they give them a lot of publicity, there 
is a good chance that other mass media will cover this, too and try to follow such 
a trend in order to get their share of the profit. Careful selection of the pri
mary target will produce an optimal amount of spin-off. 

5) "Desensibilisation" or "vaccination" 

The negative public reactions and fears are very much like allergic reactions 
or contagious diseases, and some treatment similar to desensibilisation or vacci
nation might help in these cases,too. We should try to feed repeated small doses 
of correct informations to the public in attractive forms. We might even imitate 
the "syndromes" by using "anti"-headlines as eye-catchers, but followed by the 
correct informations and facts. Look how advertising agencies launch a new pro -
duct or idea and you will see what could be done. 

* 

Appendix B 

Some remarks, lessons, rules and tricks 

Public performances : 

1) Set a clearly defined goal for the performance. 
2) Carefully select the chairman or moderator and the other active participants, 
3) Choose well informed, witty, quick-minded and eloquent speakers. Avoid promi

nent but superficially informed or narciss-minded personalities except for well 
prepared harmless official functions such as opening ceremonies without public 
discussion. For the real battle respect the "Peter Principle" and select a well 
informed staff member rather than the top boss. 
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4) Prepare your defense and attacks. Locate the weak points of the opponent.Study 
and analyze his previous actions, publications and arguments and prepare your 
counterattacks. Keep up-to-date on the latest developments. Imagine what moves 
the opponents might try (each has his typical fashion). Look at your own argu
ments from the opponent's viewpoint, try to guess where he might find your own 
.weak spots. 

5) Analyze the tactics of left wing opposition groups, radical student movements 
and protest groups. There are many similarities in their methods to those of 
nuclear opponents. 

6) A good training in dialectics and rhetorics is very useful. 
7) Get your supporters into the audience. Let them ask those questions which the 

local audience should like to ask but does not dare to or does not get a chance 
to ask because organized opponents may try to monopolize the discussion.Do not 
forget the Troyan horse trick. 

8) If you get selected for an involuntary type meeting, try to get the best pos
sible and most complete informations on the following points : 
- Who are the organizers, what are their goals, background, connections ? 
- Who are the other active participants, what are their views on the topic, 

their backgrounds, interests and connections ? 
- What audience and what intellectual level can be expected ? 
- Local, political and psychological background and environment ? 
- Available time, technical resources etc. ? 
- Are there any plans or risks that the meeting might end with the "unanimous 

adoption" of a biased resolution ? 
9) An informal contact (lunch) between the speakers and other active participants 

before the performance may release some tensions, clear up some misunderstan
dings, settle some problems or disputes beforehand under four eyes. But do not 
get caught or misled by nice manners and words, some people change and uncover 
unexpectedly when on stage and before an audience. 

10) Say clearly "yes" or "no", call a thing either black or white, use pictures 
that are as simple as woodcuts. You never have enough time to get into details, 
so why trouble the audience with things they cannot understand ? Make your sta
tements short, clear, impressive. They should hook like a good joke and be re
membered. Be witty but do not exaggerate and do not imitate a clown or show-
master. 

11) "Steal the show" by answering some likely arguments of your opponents before 
they get a chance to present them, let them blast open doors. Attack is the 
best defense. Avoid to be caught or attacked unexpectedly. 

12) Keep calm and matter-of-fact. Select your weapons according to the type of 
battle and the weapons of the opponents. Make a difference between a public 
meeting with its catch-as-catch-can rules and the fair-play sunday-school at
mosphere of a scientific meeting. 

13) If you are well prepared you can often refute or disprove an opponent by his 
own words. Give exact citations and references. 

14) Make it clear to the audience if and why you do not accept a certain opponent 
or "witness" as a real specialist or expert qualified to deal with the problem, 
despite all titles and other merits. 

15) Reveal to the audience the motivation, background connections, interests and 
real goals of some opponents who often are presented under some harmless or 
impressive disguise. 

16) Avoid controversial issues or arguments that are understood by specialists 
only. This would only nourish the impression that the specialists disagree or 
that many important things are not clear or known. 

17) If you want to gain time for finding the best answer, either smoke a pipe and 
look like Rodin's "Thinker" for a while, or better : explain, analyze, qualify 
and simplify the question or problem for the audience. This makes it easier 
for you to find the right answer. Explain whether it is a fundamental, impor-
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tant problem or just a secondary detail. If you do not know the answer or do 
not want to give it, state clearly why. Explain why the problem is too compli
cated for a short answer, or why somebody else will be better qualified to an
swer, or that the exact informations are not at hand but where they can be foun 
say whether an answer exists or not. Never leave the impression that you got 
caught in a trap or that an important lack of knowledge exists when this is 
not the case. A possible way to react may sometimes be to show first that the 
questioner did not understand the problem, but then the question must be an
swered anyway. 

Mass media (and politicians): 

18) Some general rules for using mass media : 
-Study the characteristics of each medium and of its individual representa
tives (e.g. various newspapers). Experiences from one region, country or re
presentative do not necessarily apply to another one. 
- Analyze the previous position of the medium to the problem, its public or 
audience, the intellectual level, style etc. 
- Contact the responsible editor or producer. How much space or time is avai
lable. Which feature, program, page or section is best suited ? What relation 
between text and pictures is desired ? 
- for books : select the proper editor, series, size and price category. 
- Do a good media and market research such as done by advertising agencies. 
- Get either an optimal efficiency or skip it. 

19) In dealing with news people (or politicians) it is very important to build up 
good personal contacts to some carefully selected key people. Do not try a 
"crash-program" of convincing them, but slowly develop a basis of mutual un
derstanding and confidence. Ask them for help and advice in public relation 
problems. Help them with facts, informations, consulting, news, frequent 
press releases or conferences, some exclusive reports or interviews. A news
man does not like to be coached or tutored, but he will welcome support and 
help if he gets it easily and if it is useful to him for avoiding errors or 
blunders. 

20) If news media publish incorrect or biased informations, only strong, multiple 
and quick individual, collective and official reactions and complaints on se
veral levels, from the responsible editor to the top management, will cause 
a correction. 

21) If you get interviewed, take care of your image, keep neutral, matter-of-fact 
and independent. Do not get seduced to play the expert in fields other than 
your own. Of course you may offer your personal opinion also on other prob -
lems, but as an educated layman. Distinguish clearly between your official 
standpoint due to your function and your personal views as a specialist or a 
layman. 

22) Do not over-simplify. If an essential element is missing in an information, 
it may becom incorrect, miss the target or even become a bait for attacks. 

23) Separate clearly established facts from fiction, assumptions, extrapolations, 
prognostics etc. 

24) Do not get upset if even a fair and objective reporter asks you a critical or 
uncomfortable question. It is part of their professional technique and a way 
to show their independence. Do not use the same yardstick of quality for mass 
media as for special or scientific publications or events. 

25) make sure that your statements are published correctly. Request to see the 
proofs before publication or reserve a right to reply. Submit your statements 
in written form, make your own tape record or get a copy of the reporter's 
tape. 

26) Do not get caught unexpectedly. Give no statements which you had not time to 
think about. If the problem really matters to the reporter, he will give you 
time for preparation and tell you what he intends to do with the information. 
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If a reporter is not willing to do so, something is suspicious anyway. 
27) When you contribute an article to the press, keep your language simple, ex

plain indispensable special terms. Give it an attractive form, write a popu
lar style, supply good illustrations. Make short paragraphs and type with dou
ble space and wide margin. 

28) Radio programs are not very suitable for complicated topics. Their main featu
res are news and short informations, short comments, or panel discussions. 

Television : 

29) These remarks apply to European television without commercially influenced or 
sponsored programs or shows, which operates on principles similar to those of 
newspapers or magazines. 

30) The main information carrier in TV is the picture, it must move, not stand 
still. Many producers and directors prefer visual esthetics, action and gags 
to all other considerations such as facts, balanced information and content, 
truth etc. The spokenword is subordinate to the visual development and must 
be short and clear. 

31) A TV program is momentarily impressive by its dynamics, some highlights and 
gags, but it has no long-lasting effects. 

32) A program needs an "eye-catcher" at the very beginning or in the title which 
attracts the audience and prevents them from switching channels. Best carriers 
are regular, highly rated and well attended programs and features. They must 
be carefully selected according to topic, moderator, background, audience, 
daytime, duration, style, actuality, concurrent programs on other channels. 

33) The larger the audience the shorter is the time available for a special to
pic. The duration varies from a few minutes for actualities over a preferred 
average of 10 - 15 minutes to the rare cases where up to an hour or more can 
be devoted to a single topic, but usually only in special documentary or sci
ence programs or panels on topics of high interest. Sufficient time for trea
ting a subject in detail would only exist in educational programs, but these 
require long and tedious preparations and are planned years ahead. 

34) Popular quiz programs, panel or interview series might offer a chance to in
troduce a problem or topic to a large audience and get additional coverage by 
other news media such as newspapers or magazines. Very close cooperation with 
producers and moderators and careful selection and preparation would be re
quired. 

35) If you get interviewed by TV, try not to stick to a manuscript. Inquire be
forehand in what context the interview will be shown. 
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PUBLIC CONFIDENCE IN NUCLEAR POWER 

J.A, Bonnell 
G.C. Dale 

Central Electricity Generating Board 
Courtenay House, l8 Warwiok Lane, 
London EC4P 4 E B , England. 

Abstract 

Although, in the United Kingdom a healthy interest is 
maintained by the general public in the development of nuclear 
power as an energy source, concern has never been so widespread 
or as hostile as has been the case in the United States of America. 
This paper suggests reasons for this and discusses the origins of 
nuclear power in relation to the public and the government 
administrative machinery which has been built up around the 
subject. The method of obtaining consent to build and operate 
a nuclear power station is outlined and the intensive public 
relations exercise to which all parties contribute is put forward 
as a main reason why nuclear power is not only accepted by the 
majority but is actively encouraged. 

Background 

In the United Kingdom there are only two electricity 
utilities which operate nuclear power stations. They are the 
South of Scotland Electricity Board and the Central Electricity 
Generating Board. Both are nationalised industries and the 
latter is responsible for the generation and bulk distribution 
of electricity in England and Wales. It owns and operates 174 
Generating Stations with an output capacity of 56,000 megawatts 
composed of a mixture of coal fired, oil fired, hydro, gas turbine 
and nuclear power units. The nuclear component at present 
consists of 8 twin reactor stations of the gas cooled magnox type 
whilst a further k twin reactor stations of the advanced gas 
cooled type are currently under construction. Because of the way 
in which the electricity supply industry is organised the general 
public are in direct contact with the retail distribution 
organizations and do not come into contact with the CEGB except on 
relatively rare occasions such as new generating station projects 
or the siting of high voltage transmission lines. With such a 
large organisation under unified control as the CEGB it is able 
to support a headquarters staff in both the planning and nuclear 
health and safety fields. This has enabled a uniform policy to 
be agreed centrally and implemented effectively. A further 
advantage is that single authoritative channels of communication 
have been established between the Board and the several Govern
mental regulatory authorities which are concerned with the whole 
field of nuclear energy. 
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History 

The development of nuclear power in the United Kingdom 
started in a favourable climate in the early 1950s. Coal, the 
main energy source in the U.K. after the second world war was in 
short supply and increasing in price at a rate which was directly 
observable by the open coal fire burning public. Oil, then 
almost non-existent within the British Isles or its waters, was of 
foreign origin and subject to the uncertainties of foreign 
currency shortages and seizure of the wells mostly in the 
politically unsettled middle east. Gas was a rather expensive, 
and to many people a dangerous by-product of coal. The fanfare 
of publicity at the opening of the first nuclear power station at 
Calder Hall, dignified and given the seal of respectability by 
Her Majesty the Queen, did much to persuade the inhabitants of 
our cold and coal grimed cities that the milleniura was at hand. 
The Windscale accident in retrospect, far from engendering 
hostility to the "atom", due mainly to the prompt and expert 
handling of the affair, did much to reassure possible antagonists 
that although accidents could happen, the Government and its 
traditional safety agencies were fully on top of the situation 
and no great catastrophe was likely in any way as devastating as 
the air raids so relatively recently endured. It is important 
to realize that the U.K. is so small and its communication and 
legislative structure so unified that attitudes and opinions are 
national rather than regional which the great area of the USA 
made almost inevitable in that country in the pre-universal 
television era. 

With the conservative siting policy adopted for the first 
round of nuclear stations the plants were built in rural areas 
mostly on the coast and because of the influx of construction 
staffs, improved amenities and relatively large increases in taxes 
to the local authorities there was very little local opposition 
to the stations. Any opposition which existed was more concerned 
with the impact of the large structures on the visual amenities of 
the area and sometimes the effects of cooling water in the river 
or estuary. 

Planning 

Before a power station can be constructed irrespective of 
the prime heat source, planning permission is required under an 
Act of Parliament dealing with the supply of electricity in 
general. Notices giving the intent to build the station are 
posted in prominent places adjacent to the site and in public 
buildings such as the Post Office and Town Hall. Any individual, 
municipal authority or company business may object by writing, 
stating the reasons for so doing, to the Government Department 
concerned, which in this case is the Department of Trade and 
Industry, within 28 days. In practice in the interests of the 
public this period may be extended quite considerably. 

Prior to this stage the Planning Department of the CEGB 
has discussed the project informally with the local government 
officials and their support for the proposal is solicited. If 
there are many objections then a public inquiry may be held at 
the discretion of the Secretary of State for Trade and Industry 
but if the local planning authority objects then the law requires 
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positively that such an inquiry be held. The decision as to 
whether to allow the station to be built rests with the Secretary 
of State and the inquiry merely serves to assist him. The CEGB 
mounts a public relations exhibition in the locality and senior 
Board officials including nuclear safety experts are in attendance 
to answer any questions in an informal atmosphere. If objections 
are mainly in the form of questions, public hearings are held and 
by discussing the various aspects of the station many of the 
objections are subsequently withdrawn. Quite distinct in law 
but coincident in time with the planning application, when a 
nuclear station is involved, a request for a nuclear site licence 
is made also to the Department of Trade and Industry and by 
previous informal discussion with officers of the Nuclear 
Installations Inspectorate, the site characteristics are derived 
so that argument of a lost cause is avoided. Although objections 
to the issue of a licence for a nuclear power station are not 
legislated for except by the freedom of the individual to write 
directly to the Chief Inspector of Nuclear Installations, 
questions concerning nuclear safety are asked and answered at the 
planning inquiry, by both CEGB and Government witnesses. 

Waste Discharge 

The control of discharge of radioactive waste from any 
source is vested in two Ministries, the Department of the 
Environment and the Ministry of Agriculture Fisheries and Food. 
Neither of these organisations has any administrative connection 
with the Nuclear Installations Inspectorate and each has a long 
tradition dating back to the 19th Century, of responsibility for 
controlling the disposal of various industrial wastes of all kinds. 
The Radioactive Substances Act I960 in effect extended the powers 
of thes-e old established ministries to include radioactive wastes 
and the skilled administration which over many years had won the 
respect of the public in looking after its interest was readily 
accepted as being completely impartial by both the nuclear 
industry and the public at large. An important part of the 
requirements of the Act is that before an authorisation to dispose 
of radioactive waste is granted the Ministries must inform and 
consult representatives of the local authorities in detail about 
the proposals. Objections can be resolved and no public inquiry 
is called for at any stage. Consultation at a technical level 
takes place between the scientists of both the CEGB and the 
Government Department before a formal application to discharge is 
lodged and thus any divergence of opinion can be discussed calmly 
out of the limelight of lobbyists and extremist environmentalists. 

Local Liaison 

Having dealt with the discussions and consultations between 
the licensee and the statutory bodies before and during 
construction there is in addition a continuing relationship with 
local authorities and other interested parties. One of the more 
interesting of these is the setting up of Local Liaison Committees 
whose terms of reference are 

(a) To provide information and reassurance on the manner 
in which radioactive materials are used at the power 
stations. 
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(b) To explain the significance of radiological 
measurements which are made outside the station 
boundaries. 

(c) To discuss schemes for the protection of the public in 
the event of an accident, the schemes to be prepared 
by the Board in consultation with the appropriate 
officers of the County and local authorities. 

The committee is set up by the Generating Board and 
representatives are invited from County and local authorities -
elected members and officers together with medical officers of 
health - local bodies who have statutory functions such as water 
undertakings and river authorities, farming interests both with 
the National Farmers Union and Country Landowners Associations. 
In addition any specific organisations within 4 - 5 miles such as 
Trinity House (due to the lighthouse on Dungeness Head) and the 
Lydd Airport Authority, also at Dungeness, are invited to attend. 
In addition senior representatives of the authorising Ministries 
responsible for the control and discharge of radioactive wastes 
are members of the committee. The chairman is the Station 
Superintendent and there are representatives of the station 
management and Headquarters Nuclear Health and Safety Department. 
The press are not in attendance at the meeting but an agreed press 
statement is issued at the end of each meeting. 

Meetings take place at the power stations once or twice 
each year and the results of the routine district surveys and the 
total curies discharged to the environment as liquid and gaseous 
waste are reported by the representative of the Department of the 
Environment; a report of station operation is given by the 
Station Superintendent and details of emergency plan rehearsals 
are given by the Station Health Physicist and discussed in detail. 

The district survey which is carried out by the Station 
consists of measurements of airborne radioactivity and gamma dose 
rate from deposited radioactivity. These readings are obtained 
at different distances from the reactor in order to give compara
tive rather than absolute results. In addition any land and 
marine species of animals which form part of the food chain to 
man are assayed and the results compared with derived working 
levels agreed between the regulatory authority and the licensee. 
Particularly, in rural areas milk is collected and analysed, both 
for its own sake and also because the cow is a very convenient 
collector and averager of several radioactive isotopes which may 
be contaminating pasture land. 

Emergency Plans 

The Emergency Plan is a statutory requirement. It is very 
comprehensive and specifies the actions required by both CEGB 
personnel and outside organisations. Frequent discussions and 
consultations take place with local authority officers during its 
preparation but particularly with the police who would have the 
job of instituting action including distribution of stable iodine 
tablets to local inhabitants and in the ultimate carrying out of 
any necessary evacuation. Copies of the plans are given to all 
members of the Local Liaison Committees and they report back to 
their parent organisation. In all cases the recipients have 
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behaved in a responsible manner accepting the effort which is put 
into ensuring safety both of site personnel and local inhabitants 
rather than using the necessity for such plans as implying an 
impending hazard. 

Regular training sessions of site personnel in emergency 
actions are carried out including first aid and rescue. Once 
each year there is a complete exercise of the plan in which a 
specific incident is simulated and the plan is brought into action, 
those taking part in the exercise having no prior knowledge of the 
supposed accident. The police are involved but not the general 
public. The exercise is witnessed by inspectors of the licensing 
authority and by the Board's Nuclear Health and Safety Department, 
Post-exercise discussions and criticism takes place in which all 
participants, and inspecting authorities, take part and as 
mentioned above the results of these exercises are discussed at 
the Local Liaison Committee meetings. 

We believe these committees have been a most useful public 
relations experiment, people have been treated like intelligent 
and rational human beings and they have behaved like it, at no 
time has any attempt been made to cover up any incident no matter 
how minor and on all occasions the committee members have reacted 
in a helpful manner. Some of these elected members who have 
been members of these committees for some years have become 
remarkably knowledgeable. 

Public Interest 

The Board encourage visitors to all its sites both during 
construction and operation. Special low radiation routes through 
the station are planned including a visitors gallery on pile cap. 
Guides consisting of the wives of staff employed on the station 
are provided with uniforms and given instruction about the power 
station and they attend as and when required. A typical nuclear 
power station may have as many as 20,000 visitors each year 
including parties of children from local schools. 

Two projects which are both interesting and important 
relate to fish farming and trout fishing. 

The possibility of using power station discharges for 
rearing marine fish and shellfish was first discussed with the 
White Fish Authority about 10 years ago. The objective was to 
maintain the growth of these animals over the winter months, 
thereby bringing them to marketable size much sooner than occurs 
in the sea. 

Initial studies were undertaken at the South of Scotland 
Electricity Board's Hunterston Nuclear Power Station and a 
conventional CEGB power station. These preliminary investigat
ions using flatfish showed that increased growth occurred. It 
was decided then, that nuclear stations with their high load 
factors would be the most suitable sites at which to undertake 
future studies. Also, many of these stations are sited on open 
coasts where the water is unpolluted and the salinity is less 
variable than in estuaries. 

At Hinkley Point Nuclear Power Station a private individual 
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in collaboration with the CEGB, is undertaking pilot scale studies 
on rearing crustaceans (prawns) and molluscs (oysters and clams) 
together. He has progressed considerably towards developing the 
necessary technology for a more extensive project. 

The Ministry of Agriculture Fisheries & Food is planning 
to establish a laboratory on the Wylfa Nuclear Power Station site 
to investigate all aspects of rearing shellfish. They have 
undertaken extensive laboratory studies to develop the technology 
of spawning and rearing larvae. At the same time, rainbow trout 
have been grown in the discharge on a small pilot scale basis. 

Fish farming will be a large scale development of the 
future, and many countries are undertaking extensive research 
programmes into the rearing of a variety of species. It is very 
probable, that in the temperate latitudes warmed discharges will 
make a valuable contribution to the success of such ventures. 
Already in the Board, provision is made at suitable new stations 
to build-in the necessary access to C.W. systems, so that if need 
be, water can be drawn for use in a fish farm. 

The Trawsfynydd Nuclear Power Station, 500 MWe, has been 
operating successfully since I965, it uses an inland lake as its 
source of cooling water. The lake was formed in 1924 to serve a 
small hydro-electric station to provide a local supply of 
electricity. An angling club, the Prysor Angling Association, 
was formed by local inhabitants in the early 1930's to use the 
natural fishing of the lake comprising brown trout coming from 
local streams. The lake was emptied and enlarged in 1959 prior 
to the commencement of the construction of the nuclear power 
station. At the public inquiry the Board undertook to preserve 
and assist the fishing rights of the angling club which has in 
fact continued to control the fishing of the lake. Its activities 
are managed by a Lake Management Committee and the Power Station 
Superintendent is a member of the Committee by invitation. The 
club realised that the lake could be developed far beyond the 
naturally occurring fish and since I967 it has been trying to 
increase the fish population artificially. Unfortunately the 
brown trout, although giving good sport and good eating, is 
difficult to rear artificially due, amongst other things, to the 
predatory activities of perch. It was decided to introduce 
rainbow trout into the lake and the current programme consists of 
adding l6,000 fish per annum. Some brown trout continue to be 
raised on an experimental basis. 

The success of the experiment is illustrated by the fact 
that recently the trials to choose the Welsh team for Internation
al fishing competitions were held on the lake. In addition the 
Board use the lake water to raise trout for stocking other lakes 
in the area. 

The liquid radioactive effluent from the station is dis
charged into the lake which is also used as a source of cooling 
water for the turbine condensers. 

The presence of small but detectable quantities of radio
active materials in the trout has not deterred the fishing and 
eating of the catch. 
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Local Involvement 

Power stations employ small numbers of people, large power 
stations even of 2,000 MW capacity rarely employ more than 500 
people. The Board's policy is to employ locally recruited labour 
and therefore the power station employees rapidly become part of 
the local community, unlike large Atomic Energy Authority 
establishments employing several thousand people imported into a 
locality and who remain in a separate group. The result is that 
a power station very quickly becomes "our power station" and "our 
nuclear power station" is even better. 

Finally the activities of some of the radiological 
protection societies notably the Society for Radiological Protect
ion should be given an honourable mention. This Society provides 
a lecturing service, free of charge, to a variety of organisations 
from Rotary Clubs to Mothers' Unions and this has proved a very 
popular and widely appreciated service to the community as a whole. 

Conclusions 

It is believed that the urgent need for nuclear power in 
the United Kingdom predisposed the public to accept the large 
structures comprising the power stations as necessary. The 
accompanying small risk of radiation exposure was also readily 
accepted because of the confidence which had been built up in the 
Government Agencies involved by virtue of their historical role in 
the so-called conventional safety matters such as chemical and 
biological control. 

Whilst the future cannot be predicted with confidence it 
is hoped that ten years successful and safe operation now achieved 
will reinforce the tolerance and goodwill which has always existed 
between the CEGB and its neighbours. 

1336 



INFORMING THE PUBLIC ABOUT NUCLEAR ENERGY 

H, Kiefer, W, Koelzer, G, Stablein 

Health Physics Division 

Karlsruhe Nuclear Research Center 

Karlsruhe, Federal Republic of Germany 

Abstract 

When the Karlsruhe Nuclear Research Center was founded in 1956, it soon be

came apparent that the population of the neighboring communities had to be in

formed about nuclear energy in an unbiased, objective way. Those discussions 

centered chiefly around arguments of radiation protection. The experience gained 

from our public relations activities in those years was used and continued by 

the Nuclear Engineering School of the Karlsruhe Nuclear Research Center, e.g,, 

in special courses run for the information and education of teachers and journa

lists who passed this information on as opinion leaders. In a similar way it was 

possible to discuss the objections against siting of the first nuclear power 

stations in Germany with the population in the environment of those sites. 

It was not until the controversy imported from the United States, which can 

be described simply by the names of Gofman, Tamplin and Sternglass, that organ

ized groups of the population turned up who were against the use of nuclear pow

er. This at the same time made the arguments more emotional, expanding them into 

problems of energy policy and sociological questions under the headings of "en

vironmental protection". This different situation must be taken into account in 

public relations activities. 

Our experience from numerous and varied discussions with action groups 

against nuclear power has clearly shown that big rallies and use of the mass 

media can result only in general information and education of the public. More 

complex subjects with discussions pro and con, which arise when it comes to the 

establishment of a nuclear plant,,need early and specific approaches to homoge

neous groups. These contacts should always be supported by arguments of fact 

and should cover only a limited subject. 
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Introduction 

The resumption of nuclear research in the Federal Republic of 

Germany after the conclusion of the Paris Treaties of 1955 suffered 

from the severe burden of atomic energy: the bombs of Hiroshima and 

Nagasaki. This primarily created a sceptic attitude relative to the 

establishment of research facilities for the peaceful utilization 

of nuclear energy. 

"Paleozoi c" 1955 1960 

For the same reason the establishment of the Karlsruhe Nuclear 

Research Center in 1956 highlighted the necessity of factual infor

mation and education about nuclear energy of the population in the 

communities in the vicinity. The possibility of visiting the plants 

under construction, experimental lectures about health physics and 

nuclear technology in schools and institutions for adult education 

created the first contacts. Study tours of foreign nuclear research 

facilities, for instance Saclay near Paris in France and Mol near 

Brussels Belgium, were organized for special groups. This habit in

troduced in the early years of the Karlsruhe Nuclear Research Cen

ter of making the facilities of the Center accessible to all the 

interested parties at any time was retained in the years to come. 

At present approximately 15 000 visitors, in groups and individual

ly visit the Karlsruhe Nuclear Research Center; they can get all 

the information they want, and the staff of the Center are availab

le for discussions with them. 

When the Karlsruhe Nuclear Research Center was founded, most 

of the questions asked by the population referred to radiation pro

tection and radiation exposure of the environment. Most of these 

questions indicated a genuine concern. In a few cases, however, 

questions with respect to radiation protection and safety were just 

a pretence covering up for economic interests. These opponents were 

afraid that the establishment of a Research Center could cause the 

workers employed in their small local industries to change to jobs 

in the Research Center which would offer better pay. 

At the earlier meetings informing about nuclear energy homoge

neous groups, such as teachers, members of municipal councils, mem

bers of agricultural associations, etc. were preferably approached. 
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"Mesozoic" - 1960 - 1968 

In the early sixties the establishment and the expansion of a 

Nuclear Engineering School at the Karlsruhe Nuclear Research Center 

made it possible to pass on information about nuclear research and 

the peaceful uses of nuclear energy to the public through courses 

and information meetings. Experience gathered in the early years 

was thus made use of and expanded. 

Besides purely technical courses in radiochemistry or reactor 

technology, radiobiology and health physics, special courses were 

organized for specialized teachers in secondary schools from all 

over the Federal Republic of Germany. In this way it was possible 

to use teachers as "opinion multipliers" and make use of their 

educational possibilities and capabilities in order to pass on 

factual information to the younger generation to be trained in an 

understandable way. 

In those years more and more reports were found in the press 

which unintentionally gave wrong information. In most cases this 

indicated an insufficient amount of technical knowledge with many 

journalists. Consequently, journalists were invited to attend 

brief courses at the Nuclear Engineering School where experts talk

ed about specific selfcontained subjects, such as "biological and 

medical problems in the utilization of nuclear power", "reactors 

of the future", "reprocessing of fuels", or "nuclear safeguard 

methods". 

Both groups, teachers and journalists, greatly helped in the 

publicity of nuclear knowledge through their capacity as "opinion 

leaders". In this way problems of radiation protection and safety 

were discussed, thus preparing a critical public. 

These same years saw the construction of the demonstration 

nuclear power stations of Obrigheim and Gundremmingen in Germany, 

which gave rise to a thorough discussion with the population in 

the areas of these plants about problems of site selection. Proper 

Commissioning then proceeded without any major interruptions. 

"Neozoic" - 1969 - • .•. 

Since 1969 greatly exaggerated reports have also appeared in 
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the press of the Federal Republic of Germany questioning the argu

ments of nuclear safety of nuclear power stations and thus creating 

unrest even among the experts. This controversy, which was imported 

from the USA and can be outlined by mentioning the names of Gofman, 

Tamplin and Sternglass, resulted in the organized association of a 

few groups of the population opposing the application of nuclear 

power. Although this nuclear controversy and its extension from the 

USA to Europe, especially to the Federal Republic of Germany, had 

been recognized by a few experts, the scope and the possible ef

fects had not been correctly assessed and the rate at which this 

phenomenon spread had been underestimated by industry. 

Two factors, most of all, influenced the generation and the 

extent of the controversy: A generally improving environmental con

sciousness among broad groups of the population coupled with a cer

tain hostility towards technology or a reduction of faith in tech-

nology. 

It was necessary to take account of the representation of the 

problems in a popular book written by a number of experts in which 

anybody could be able to find factual information on the subject. 

For this purpose, Deutsche Verlagsanstalt of Stuttgart in early 

1970 published a book entitled "Kernenergie - Nutzen und Risiko" 

[1]. However, it was evident from the outset that a nonfiction 

book would not be sufficient. Sensational reporting had to be at

tacked by other means. For this purpose, almost simultaneously a 

"collection of arguments and counterarguments" [2] was published 

by the Swiss Association for Atomic Energy and a volume entitled 

"Kernfragen" [3] by the German Atomic Forum. 

Switzerland was early to recognize the direction in which the 

conflict threatened to move, as a consequence of the reaction of 

certain groups of the public to the reactor incident at Lucens 

(January 1969). 

At an information and discussion meeting organized in Bern in 

the fall of 1970 by the Swiss Association for Atomic Energy the 

situation was indicated. Many German observers experienced their 

first encounter at this meeting with groups discussing only on an 

emotional basis. Indeed, dealing with reactor safety and radiation 

protection at a public forum in this way was a successful venture 
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with the Swiss population which seemed to be used to democratic 

discussions. Afterwards, the technical questions discussed were 

published in a generally understandable form and made available to 

the interested general public. 

Development of Arguments 

The development of arguments in discussion meetings during 

those years can be classified as follows: 

- During an initial phase there was a generally factual, ob

jective discussion with the interested public which mostly had a 

limited background knowledge. 

- As a second phase organized groups expanded the arguments 

to other areas (emergency cooling, frequency of cancer, etc.). The 

discussions became more difficult. Talks with the "atomic oppo

nents" require experts in the respective fields, such as reactor 

technology or medicine. This phase is the era of sensational sto

ries, examplified by the name of Mary H. Weik. However, scientific 

and technical articles are able to convert most of the sceptics 

from their former negative opinions about the peaceful uses of 

atomic energy. 

- The third phase is determined essentially by the general ef 

forts towards environmental protection. This made the arguments 

more emotional, extending them under the heading of "environmental 

protection". Their often hysteric expression leads away from prob

lems of reactor technology and radiation protection or safety to 

global problems of the future such as "thermal pollution," land

scaping and aesthetics, problems of energy policy and sociology. 

Especially the latter points are supported by political groups op

erating with the keywords of "changes of the system" against the 

profit maximization of utilities." This confronts potential reac

tor operators with a \tery complex set of questions in this third 

phase. One example of the emotional, distorted description pre

sented by an action group against nuclear power stations is shown 

in Fig. 1. Such action-associations do not want any factually cor

rect information, such as Fig. 2, a photomounting of the cooling 

tower for the nuclear power station at Gbsgen, Switzerland. 
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Fig. 1: Cooling towers, sketch of an action against nuclear power stations 

Fig. ?; Photomounting of the cooling tower for Gosgen Nuclear Power Station/ 
Switzerland (Courtesy Motor Columbus, Baden/Switzerland) 
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The success of a specific approach of the public can be well 

studied by the example of the nuclear power station of Neckarwest-

heim Germany, now under construction. 

A large number of hearings were arranged within a very short 

period at which all the subjects could be finalized in a discus

sion. The villages in the community, general practitioners, jour

nalists, etc. were invited for discussions. 

Even observers not directly linked with the proposed plant, 

such as clerical organizations, used the opportunity and asked for 

a discussion between leading members of the project and opponents. 

The positive outcome of this informative action in the case 

of the Neckarwestheim Nuclear Power Station is partly due to a na

tive characteristic of the population of the area: they are realis

tic and sober people. The problems were really finalized in a dis

cussion, and die-hard opponents were not convinced of the contra

ry, but the credibility of their arguments was greatly shaken in 

the eyes of the majority. 

The situation is quite different in another siting discussion 

at Breisach on Kaiserstuhl, a well known winegrowing area near the 

Southern Black Forest. 

Contrary to Neckarwestheim, which mostly covered the symptoms 

listed under phases 1 and 2 above, the Breisach discussion clearly 

highlighted the arguments of phase 3. Less specific problems of 

nuclear power plants were discussed rather than general problems 

of environmental protection: Cooling processes with wet or dry 

cooling towers, meteorological effects on winegrowing at a dis

tance of a few kilometers, protection of the landscape, and in 

particular, the necessity of this nuclear power plant from the 

point of view of energy policy. 

As far as the method used by the nuclear opponents is concern

ed, it can be said: 

Local groupings like to cluster around locally well known 

personalities, such as the doctor, representatives of the communi

ty, chairmen of some associations, etc. who have previously shown 

their interest in public affairs. 
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The press of the organized opponent groups is well versed in 

the art of lending credibility to their arguments by quoting from 

well known experts. Objections raised in the way of stories even 

sometimes catch well versed experts by surprise. 

Observations have shown that our opponents like to quote for

eign technical literature. In Germany American literature is quot

ed, whilst in the United States, as far as we know, it also applies 

vice versa. Linguistic incompetency and the inability to follow the 

quotation often kill any answers that might be given, which weak

ness is played upon quite consciously by the opponent. In this way 

any quotation taken out of its context, even if it is a quotation 

from a well known expert - preferably Nobel prize winners are 

quoted here - disturbs the listener. He is ashamed of his lack of 

information and no longer participates in the discussion. 

Experi ences 

This changed situation must be borne in mind in public rela

tions work. Our experience from numerous and varied discussions 

with individuals and committee actions against nuclear power has 

shown quite clearly that large-scale meetings and the use of the 

mass media will be able to produce only a general information and 

education of the public. Events of this kind are not the right way 

of explaining even to an interested public more complex situations, 

such as the problem of the risk probability, in sufficiently accu

rate mathematical terms, to make the population risk conscious or 

to explain problems of cost benefit relations. Alternative think

ing when it comes to problem solutions often verges in the well 

known German quotation of St. Florian: "St. Florian, pass by my 

house, hit others." 

Good results were experienced with homogeneous groups in 

which one specific subject was discussed at a time. Such groups 

consisted for instance of physicians, teachers, students, munici

pal councillors and the leaders of local government groups. 

In the light of personal experience gained in meetings of 

various kinds the authors would like to make the following recom

mendations: 

- No excessive technical specialization. 
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- Simple, uncomplicated language without any sayings and with

out any technical terminology. 

- Problems should be simplified to a permissible extent in 

order to meet the understanding of the respective target 

group. 

- Meetings should consist of a brief introduction to the prob

lem followed by a discussion. 

- The subject to be discussed should be clearly defined before 

the meeting by mutual agreement among the groups. 

- Organizing several small-scale discussions with greatly 

varying audiences is preferable to one large-scale meeting. 

For each subject that is likely to be touched upon one well-

trained expert should be available who has sufficient technical 

and formal knowledge of the problems. 

Present Activities 

In the light of the overall situation, the management of "Ge-

sellschaft flir Kernforschung" advised by the Scientific and Tech

nical Council decided, to establish a department within the health 

physics division responsible for "Nuclear Power and the Public." 

This new department is to engage in the discussion between the 

public and environmental committees and nuclear power. It is to 

help return the controversy from the emotional, aggressive atmos

phere which seems to be preferred, or even sought, by many envi

ronmental action committees back into a sober factual atmosphere 

which will be the only basis for fruitful work in the field of 

peaceful utilization of nuclear power. 

The activities to be pursued by the department will be the 

observation and critical evaluation of public hearings and the 

scanning and assessment of all those publications which deal with 

the subjects of environmental protection in general, and nuclear 

power and technology in particular. 

Other important duties of the department are the informing of 

all interested parties on the current state of discussion between 

nuclear technology and environmental committees, which time and 

again maintain that they represent the public at large; crystalli

ze the controversies and their arguments and finally, make avail-
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able to the public factual information about nuclear power and 

technology through publications and by actively participating 

public discussions. 
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METABOLISM OF RADIONUCLIDES 

A STUDY OF INHALED SODIUM-22 

D. Bush, University Radiation Protection Officer, 
University of Birmingham, Birminghaxi BI5 2TT, England 

Abstract 

22 
This is a study of small intakes by inhalation of Na which occurred 

during the machining of an irradiated target. The arrangements for handling 
and machining the targets are described. Measured levels of surface conteimina-
tion and airborne activity, together with particle size data, are given. Whole 
body counting results, and measurements of the distribution of activity in the 
body and its variation with time are presented. The information obtained is 
considered in relation to predictions based on the models of the I.C.R.P. Task 
Group on Lung Dynamics, and the data given in I.C.R.P. Publication 10. 

Introduction 

22 
Na is produced on the Nuffield Cyclotron at the University of 

Birmingham by bombarding magnesium targets with deuterons. At the end of the 
irradiation, during which about 50 mCi of 22j}a is normally produced, the 
target is removed from the cyclotron and stored for several weeks to allow 
short-lived activity to decay. The 22xja, is present in a thin layer on the 
surface of the target, and this active layer has to be removed so that the Na 
can be recovered and processed. 

This paper reports studies made to estimate the radiation dose 
resulting from intakes of fine dust produced during the machining of an 
irradiated target. The intakes were accidental and the bulk of the activity 
taken into the body is considered to have been inhaled due to the failure to 
wear a breathing mask. 

Target Machining 

Using long handling tongs, the irradiated target is transferred from 
the storage facility to a shielded enclosure within which is a scraping machine. 
The walls of the enclosure are made of interlocking lead bricks and a lead-glass 
window is included to allow the machining process to be observed. Access to the 
enclosure is via a two part perspex lid, one part of which can be moved. At 
the time of these intakes, the lead enclosure itself was not ventilated but the 
room in which the equipment is housed has extract ventilation. The general 
layout of the room and equipment is shown in Pig.l. 

The active layer is removed from the surface of the target by a 
scraping tool which traverses its face and removes a thin strip of metal. The 
scraping process is carried out dry without the use of a cutting fluid. The 
scrapings fall down an inclined trough into a can which is capped and then 
manually removed using tongs. For the whole operation the operator spends a 
total of about an hour in the room. 
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Surface Contamination Levels 

When this scraping facility was originally designed it was not 
thought that contamination outside the lead enclosure would be significant. 
However when the facility was brovight into use, surveys revealed that loose 
activity was escaping from the enclosure. Typical levels of loose surface 
contajaination at the end of a scraping run, at the positions indicated in 
Pig. 1., are given below i.e., much of the room was found to be contaminated 
to quite significant levels. 

Position (See Plg.l) 

SI 

S2 

S3 

S4 

Surface Activity Level (|iCi/cm ) 

6 X 10'^ 

1 X 10"^ 

5 X 10"^ 

5 X 10'^ 

Air Contamination Levels 

Air samples have also been run dviring the target loading, machining, 
and can removal stages of the operation* Samples have be^i taken using static 
samplers positioned as shown in Fig.l., these positions being close to the 
positions occupied by the operator. Typical levels of airborne activity are 
shown below and these should be compared with the 40 hour week "̂ 'P'̂ air values 
of 2 X 10-7 jiCi/cm5 and 9 x 10-9 |iCi/cm3 for 'soluble* and 'insoluble* 
materials as given by I.C.R.P. . 

Position (See flg.l) 

Al 

A2 

Air Activity Level ((iCi/om̂ ) 

1 X 10-^ 

2 X 10"^ 

Size Selective Sampling of Airborne Activity 

In order to obtain information required for specifying the 
requirements of filters to remove this airborne activity, size selective 
sampling has been carried out using a cascade centripeter of the type 
described by Hounam^ and calibrated by O'Connor^. Samples were taken at the 
positions shown in Pig. 1 during target loading, machining, and can removal, 
and results typical of those obtained are shown below. This distribution is 
very close to a log-normal distribution with an activity median aerodynamic 
diameter of 2*7 |i and a geometric standard deviation of 1.9* 
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Aerodynamic diameter 
1 (microns) 

1 12,5 

1 4*0 

1 ^'^ 

Percentage of particles less 
than stated diameter 

99.3 

69.4 

19.6 

Whole Body Counting after Accidental Intake 

On one occasion the target scraping machine operator failed to weaar 
a breathing mask. When this was known it was realised that an inhalation 
intake heid probably occurred, so it was decided to carry out whole body 
counting in order to investigate the distribution of activity and its variation 
with time and to estimate the dose. 

Strictly speaking the intsike was not a single well-defined intake but 
a few small intakes over a period of some hours. The first whole body count 
was made 2 days after the estimated mid-point of the intake and a further 7 
counts were made, the last being 67 days after intake. Counting was in the 
1.28 MeV photopeak, and the results obtedned have been corrected for normal 
background and 4QK contribution by using data from an tmcontaminated person of 
similar build to the person concerned. 

At the first count, a total count of 22,680 was recorded, corres
ponding to 0,4}jiCi of 22Ka activity in the body at that time. The results of 
the whole body counts were plotted to estimate the coxuit and activity on the 
day of the intake (t»o), and the results were then normalised to the result at 
t=o and these are plotted in Fig. 2. 

Distribution of Activity in the Body 

The whole body counter used for this study has four large sodium 
iodide detectors. Two are above the subject and positioned at the chest and 
pelvis, and the two below the subject are at the head and knees. For all the 
counts that were made, the distribution of counts among the four detectors was 
essentially constant and not significantly different to the distribution found 
after injection of 24Na into a human subject. 

As well as counts made using the whole body counter, checks were also 
made using a collimated sodium iodide detector which could be accurately 
positioned over various parts of the body. Counts were made 2, 11, and 18 days 
after intake with the detector positioned over each lung and the lower part of 
the trunk on each occasion. These measurements showed no significant change in 
the distribution of activity at these three positions over the time interval 
mentioned above. 

22 
Predicted Behaviour of Inhaled Ha and Comparison with Recorded Data 

Prom the size selective air sampling data, the amounts of activity 
deposited at various sites oan be predicted using the Deposition Model of the 
I.C.R.P. Task Group on Lung Dynamics^, This model gives the following 
predicted depositions. 
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Region 

Nasopharynx 

Tracheo-bronchial 

Pulmonary 

Percentage of Inhaled 
Activity Deposited 

60 - 65 

8 

15 - 20 

The I.C.R.P. Task Group on Lung Dynamics also proposes a clearance 
model and suggests clearance times and routes from various regions for several 
categories of inorganic compounds. In the case of this study, the radioactive 
material was sodium, but most of the original magnesium was also present and 
it was of interest to know how the active sodium would behave in this situation. 
In contact with moisture and body fluids the hydroxides of these metals would 
form. Sodium hydroxide is listed by the I.C.R.P, Task Group as a Class D 
material exhibiting rapid clearance from the lung, whereas magnesium hydroxide 
is a Class W material exhibiting intermediate clearance. For the radioactive 
sodium hydroxide, the Task Group's Clearance Model predicts clearance as below. 

Region 

Nasopharynx 

Tracheo-bronchial 

Pulmonary 

Clearance percentage, route, andt 
biological half-life 

50^ to systemic blood, 4 mins 
50^ to G.I* tract, 4 mins 

50̂ ' to systemic blood, 10 mins 
50̂ 0 to G.I. tract, 10 mins 

80̂ 0 to systemic blood, 50 mins 
20̂ 0 to lymph, 30 mins, and then 

all to blood, 50 mins 

Therefore if the sodium qiuckly separates from the magnesium, within 
a few hours of the inhalation all the activity will have been transferred to 
the G.I, tract and systemic blood. That transferred to the G.I. tract will 
also quickly transfer to the blood^ so the behaviour after that time would be 
expected to be identical to that of orally administered 22ua. Confirmation 
that this is effectively so from two days after the intake is given in Fig* 2 
where the normalised whole body counts are compared with the data given in 
Publication No. 10 of I.C.R.P.", in which the clearance of ^^Ha, is described 
by a three component exponential derived from whole body counting studies of 
orally administered 22jiaCl. It is seen that there is quite good agreement 
between the measured whole body activity and that predicted by the I.C.R.P. 
clearance formula, particularly bearing in mind tha reported variability' in 
biological elemination rate that can occur as the stable sodium intake is 
varied. Unfortunately no data is available to confirm the predicted very rapid 
clearance from the lung, but the data from 2 days after the exposure confirm 
that no trstnslocation of activity from the lung occurred after that time. This 
is in accord with the findings of similar studies made from 9 to 285 days after 
the inhalation of another Class D material (137Caesium sulphate) by Miller^. 
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Dose Estimate 

From the I.C.R.P. Task Group on Lung Dynamics deposition model, of 
the total initial deposit of 0*5 |aCi, the deposits in the nasal, tracheo
bronchial and pulmonary regions are expected to he 0,54, O.O46, and 0*114 jiCi 
respectively* For the nasal and tracheo-bronchial regions it has been assumed 
in each case that the activity has been xuiiformly deposited over an area of 
100 cm^, cleared according to the biological half-times of 4 and 10 minutes, 
smd the resulting doses have been calculated to,be 3*3 and 1.1 mrem 
respectively. Using the data given by I.C.R.P. the average dose to the l\ing, 
assuming a biological half-time of 30 minutes, has been calculated to be 0*14 
mrem, and from the data given in I*C.R.P, Publication 10, the whole body dose 
has been estimated to be 10 mrem. 

Conclusion 

22 
Prom the above evidence it is concluded that the 0.5 |iCi Na inhaled 

was rapidly cleared from the lung and thereafter exhibited the same behaviour 
as does orally administered 22j}a, The most significant dose was the whole 
body dose of 10 mrem, the estimated additional doses to the nasal, tracheo
bronchial, and pulmonary regions being only 3*3, 1.1 and 0,14 mrem respectively. 
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METAB0M3M CBHfiUA-210 H nOJIOIM-210 B OPFAfflSME 

A,H*HHXHHKOB,E.H.|[ojirHpeB,M.C.H(3aTy;iraR, 
n.B.PaM3aeB,M.H.TpoHiiKafl 

MHCTKTyT pa^MaiiHOHHoa rHrHeHH,JIeHMHrpaj5,CCCP 

ABSTRACT. 
Metabolism parameters of P'b-210 and its product (in the body) 

PO-210, necessary for dosimetry and standardization are obtained 
in man diiring short-termed observations. The authors of this re
port have carried out their investigations on a volunteer group. 
These investigations deal with the specification of absoi*ption 
and clearance rate of these isotopes administered per os as in
dicators and sufficient for many years' observations using in 
vivo measurements and excretion analyses. Genetically related 
mixture of Pb-210 and Po-210 was administered orally to the four 
people (the authors) v/hose excretions had been previously ana
lyzed for Po-210 for a year after a single incorporation. This 
experiment, as the authors think, will contribute to the under
standing of Po-210 metabolism* The first results of the investi
gations are presented in this paper and we intend to go on with 
these experiments in the forthcoming years. 

Pe$epaT 

napaMeipB! MeiadoJiHSMa CBHHEia-210 H odpasyBmeroca H3 Hero ( B 
0praHM3Mc) nO;iOHHfl-2I0,HeodXOJIHMbie JS,JIR JtOSHMeipHM M HOpMUpOBaHHA, 
B HacTOflmee BpeMH nojiy^ieHH y qejioBeKa B OCHOBHOM B KpaiKOBpeMeH-
HUX Had/IIOAeHHHX. 

ABTopH ^laHHoro coodmeHMfl BHnojJHHJiH MCCJiejioBaHKe Ha rpynne 
;HOdpOBO/[I>UeB no yTO^HCHMB KOa^^HIlHeHTOB BCaCHBaHHfl M CKOpOCTH 
BHBê teHHfl 9THX H30T0n0B,npKHHMaBmZXCfl qepeS pOT B ZH^HKaiOpHMX 
KOJIHqeCTBaXĵ OCTaTO'qHHX flJIfl MHOrOJieTHMX Had^B^eHMK no npHXHSHCH-
HUM MSMepeHHflM B TQjie H UO 3KCKpeTaM*MeTHpe 'lejoBeKa (aBTopa HC-
cjiejtoBaHHfl), y KoiopHx npe;tBapHTejii>HO B letieHMC ro;ia Hcc;iej?OBa-
jiacb DKCKpeiiHfl no;iOHMfl-2iO nocjie o^HOKpaTHoro ero nooTynjieHHa, 
npHHflJiH qepe3 poi reHCTHqecKz cBH3aHHyi) ciiecL CBMHaa-2I0,BHCMy-
Ta-2X0 H no;ioHHa-2I0*TaKaa cxema onuia no s&imcay aBiopoB no3Bo-
naei BuacHMTb odMen noJioHHa-2I0,KOTopua $opMHpyeTCfl B opraHZSMe 
HenocpejiCTBeHHO H3 cBHHE[a-2I0.B noKJiajie npHBOj^axca nepBHe pesyab-
TaTH HCCJiej[OBaHHa,KOTopBe dyjieT nponojixcHO B nocjieiyBaiHe ro^a . 

BBejeHHe 
EcjiH MfiTadojiHSM noJi0HMa-2I0,nepBHqHO nocxynaBnero B opraHZSM 

qeJiOBeKa,H3yqeH jtocTaToqHo HOJIHO j[Jia nejiea jiosHMeTpKn H Hopvoipo-
BaHMa,TO 9Toro HejiBsa yTsepx^iaTb no OTHomeHMD K CBHHuy-210 M, 
ocodeHHOjK odpa3yi)5eMyca H3 Hero B opraHMSiie noJioHMa-2I0*B nyd-
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flZKanzax 10 z lOA CMKP3)InaHHHe no wexado^zsMy CBZHua-210 He 
npzBoj;HTca*B ;izxepaxype oxcyxcxByKX xaKxe z OBe^eHza o cyjibde 
noflOHza-2IO,odpa3yB^eroca B opraHzsiie Z3 CBZHiia-2I0,de3 KoxopHx 
pacqex nor;iomeHHbix j;03 ne Moacex dHXb BHno;iHeH,nocKo;ibKy ocHOBHaa 
flosa C03;iaeTca He cawzM CBZHUOM-210, a ero ^oqepHZM noJiOHzew, 
Pasjizqza B odMene nojioHza,nepBzqHO nocxynaBmero B opranzsM 
C''BHefflHz0"nojioHza) z noJiOHza,odpa3yBmerocH B wecxax |)ZKcanzz CBZH-
-ua qepes BZCMyx-210 ("BHyxpeHHza nojiOHHa),Bpaj^ jiz Moryx duib ox-
BeprHyxbi des jiaHHux OKcnepzureHxa, 

HpzHflxaa czcxena napaMexpoB wexadojizsMa CBZHua-210 (nyd/LZKa-
Uza-2,MKP3)2BKJiBqaex: K03(M'MUzeHX BcacHBaHza 0,08-dzojiorzqecKze 
nepzoji;H nojiyBtiBe^ieHza ;njia Bcero xeJia ( B cyxKax)-l460,CKeJiexa-
-3650,neqeHZ-I947,noqeK-53I,oxHOffleHze nojioHza-210 K CBZHuy-210 
BO Bcew xe;ie-0,09,noqKax-0,I8,neMeHZ-0,I8,cKejiexe-0,I0 z j[p. 

IIpzBejieHHHe SHaqenza B nocjiejtHze roia dujiz no^BeprHVXH npo-
BepKe pa^oM zccJiejioBaxejiea CXapin z CyoMe;ia5,XojibxuMaH'̂ ,KoxeH,PeH 
z M^eEOa.A^f'Bjia.Exa-pM.^f XzjiJi*).no namzM npe;nH;iymzM zccjie^OBanzaM 
BHCKasHsaflocb C0MHeHze,B HaciHOCxz,no K09(|x|)ziizeHxy BcacHBaHza 
CBZHua-2I0,Koxopua B oxjtejibHux cjiyqaax locxHraji SOj .̂IIoaBZJizcb 
xaKxe jtoKasaxeJibCXBa.qxo oxHomeHze no;[0Hza-2I0 K CBZHuy-210 B 
CKeJiexe pasHo 0 ,7-0 ,6 , a ne 0,1 KaK 3xo npzHaxo B nydJizKauzz 2 

Bee z3JioxeHHue coodpaxeHza ĵ amx ;iocxaxoqHo ocHOBaHza jiJia. no-
cxaHOBKz sapaHee sanjiaHzpoBaHHux zccjiejioBaHza no zsyqenzB Mexa-
doJizsMa CBZHua-210 y qeJiOBena B yojioBzax HajiesHoro KOHxpoJia no-
cxyn;ieHza zsoxona z ero BUBej!,em/ia B MHoro;iexHzx Had^Bi;eHzax. 

MexoiH z MaxepzajnH zccjejoBanza 
^exHpe npaKxzqecKZ SJIODOBHX qeaoBeKa (xpz MyxqzHH z ojiHa xen-

^ZHa) B Bospacxe ox 45 RO 50 ;iex npzHajiz ZH^ZKaxopnoe KOJizqeciBo 
x;iopzcxoro noJiOHza-210 o;iHOKpaxHO qepes pox B Bz^e pacxBopa npz 
PH=3 B KOJiziecxBe 0,5 MZKpoKBpz Ha qeJiOBeKa.yj;e;iBHaa aKizBHOCXb 
pacxBopa onpenejiajiacb Ha qexupex-nzBHOM cqexqzKe no ajib$a-Z3fly-
qenzB.B xeqeHze Hejte^z exe;iHeBHo,a saxew I pas B Hejie;iB B xeqenze 
Mecaua z ;ta;iee Kas^ua wecau B xeqenze 8 Mecaues codzpajizcb noJiHHe 
cyxoqHtie BH^eaeHza MOMZ Z KaJia.B npodax BHjuejieHza onpeiejiajica 
noJioHza-210 nocJie ero ocaxjieHza Ha $0Jibry Z3 HZKeM.Cyxoqnoe BH-
Be^enze zsoiona Bupa«a;iocb B ^ ox BBejieHHoa ;t03H.3xox npe^^Bapz-
xeJibHua ontix Cun nocxaBJieH jjjia xoro,qxodH nojiyqzxb jjaHHHe no od-
MeHy nepBzqHO nociynaBnero "sHeiiiHero" noJiOHza-210 y Kasitoro zc -
nHxyeMoro z B nocjie^yBnew onaxe yqecxb zx npz onpe^e^ienzz "sHyx-
peHHero" nojioHza-2I0.Jla;iee xe me Jizua,Korj?a y HZX ocxaxKz z30xo-
na cxa;iz npeHedpexzMO MaJiH,npzHajiz ô HOKpaxHO B pacxBope coJiaHoS 
Kzcuoxu CpB=3; reHexzqecKZ CBasaHHyB CMecb P B - 2 I 0 , Bl -210 z 
Po-210,nojiyqeHHyB npz MHoro/iexHeM xpanenzz cxeKJianHtix annyji c 
pajt0H0M-222.B CMecz OKasaJiocb 1,0 MZKpoKBpz Po-210, 1,9 MZKpoKio-
pz 31 -210 z 3,3 MHKpoKBpz PB-2i0*0npe;[i;eaeHze npzHaxoft aKXZBHoc-
xz B pacxBope ocymecxBJia;iocb: 

nojioHza-210- no ajib$a-z3JiyqeHZB na qexupexuzKHOM cqexqzKe, 
BzcMyxa-210- no dexa-z3JiyqeHZB Ha XOM l e cqexqzKe, 
CBMHua-210 - no pasHOBecHOMy BZCMyxy-210 (dexa-H3JiyqeHze),no 
rawMa-zsJiyqeHZB CBZHua-210 z no a;ib$a-M3JiyqeHZB paBHOsecHoro 
nojioHza-2lO* 

CxaH;napxu 1005^ BBe;neHHoa aosu roxoBZJizcb xaKxe nyxew BBe^eHza 
pacxBopa zsoxonoB B qzcxHe cyxoqHHe npoda Moqz z Kajia.OmzdKa z s -
MepoHza ;to3H He npeBuma îa I^ . 

nocjie npzeMa zsoxonoB ocymecxB,Jiajica cdop cyxoqHHx BujueJienza 
no panee onzcannoa cxeMe.GAHOBpeweHHO zcnHxyeMue zswepajizcb na 
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cqexqzKe acero xe;ia (raMwa-cneKxpoMexpe c ;i;axqzKOM Z3 KpzcxajiJia 
aojizcxoro Haxpza lOJimzHoM I MM z jizaMexpoM I5cM).JIexeKxop paa-
Memajica npoxzB JiodHoK KOCxz.PerzcxpzpoBa;iocb zsayqenze CBZHua-
-210 c sneprzea 46 K3B. 

B BbijtejieHzax npoBo îziEZCb onpe;iejieHza: 
-no;iOHza-2IO KaK no aflb(|)a-z3JiyqeHZB BUcymeHHUX npod,xaK z nocjie 
ocaac;5eHza ero na $0Jibry Z3 HZKejia, 

-CBZHua-2I0 B BHcyiueHHHx npodax na raMMa-cneKxpoMexpe,no dexa-w3-
;iyqeHZB paBHOBecHoro BzcMyxa-210 z no noBxopHOMy ocaxjieHZB no;io-
Hza-210 Ha HZKejieBy© $o;ibry nocjie npensapzxejibHoro HaKonjiOHza. 

PesyjbxaxH zccjieioBaHza 

nojiHHa anajizs Bcex oxodpanuHx npod eme He saKoHqeH.OH noxpe-
dyex SHaqzxeJibHoro BpeMeHz.IIo Mepe ox^tajienza ox BpeMeHZ npzeMa 
;I03H Z yMeHbineHza ypoBuea B 3KCKpexax Mexonti cyMMapHoa a t t$a z 
dexa-aKxzBHOcxz,KaK z raMMa-cneKxpoMexpza npod oicasuBaBxca ne-
npzeMJieMHMZ zs-aa BOspacxaBmzx omzdoK zsMepeHza (dojiee I0^).yxe 
qepes 2 Ee^em MH dura BUHywjoieHhi onpeiejiaxb CBZHeu-210 no nojio-
HZB-2I0,noBXopHO ocasnaeMOMy Ha ;tzcKZ HZKCJia nocjie HaKon;ieHza B 
xeqeHze 1-2 MecauoB* 

HpzBe îeHHue B xadnzuax 1-4 Maxepzara z BHxeKaBmze Z3 HZX BH-
Boĵ H Ko BpeMeHZ oxKptixza KOHrpecca Moryx dHXb snaqzxejibHO nono;i-
HCHH.S^ecb z3-3a orpaHzqeHHocxz Mecxa MM XOXZM odpaxzxb BHZMauze 
qzxaxejia JIZDIB na aBHO jtoKasyeMwe nofloxeHza,He xpedysnize oduizpHHx 
OdoCHOBHBaBmZX BUKJianOK: 

I.Cpe^nee BcacuBanze noaoHza-210 npz npzeMe ero B qzcxoM BZ-
l e zflz B CMecz co CBZHUOM-2I0 npeBHBiaex I85K (xadJizua I ) z 225̂  
CxadJizna 2 ) ; cpefluee BcacMBanze CBZHua-210 npeBHmaex 18^ (xad-
Jizua 3 ) . 

TadMiia I 
UBeneHze ''BHei!iHero''no;ioHza-2IO B ^ BBe^eHHoa ;t03U 
B npe îBapzxejibHOM onHxe,de3 npzeMa CBZHua-2I0 ) 

Cpeinee BUBejienze no 4 zcuHxyeMHM B 
3KCKpexM ^Hz nocjie npzeMa 

I 2 3 4 5 6 35 41 145 160 
—KaJi 28,92 38,4U D,5B'3,87 1,44 U,82 U,D3"U,U3 U,U2b U,UiU 
—loqa ij;25 U,07 0,U4 U,03 D7UrO,UU7 U,UUI4 

2.BuBeii;eHze "BHeninero" no;iOHza-2IO B ZHxepBaJie BpoMenz ox 6 
10 160 cyxoK nocjie npzeMa qepes pox npozcxo;i;zx no T3qp=36 cyxoK, 
qxo xopoino corjiacyexca c 13$ =40 cyxoK.npzHaxuM B nydJuzKauzz 10 
MKP3. C KajiOM BHBOjizxca noJiOHza-2lD B 10-20 pas do;ibine,qeM c MO-
qoa;xoxa B oxjiejibHue cyxKZ sxz pasjizqza He Bcerjia npoaBMJizcb. 

3.B HaqaJibHOM nepzo;];e noc;ie nocxynJienzfl CMecz CBZHua-210 z 
nojioHza-210 BHq;ieHzib B SKCKpexax "BHyxpeHHero" nojioHza-210 ne 
npe;icxaBJiaexca BOSMOKHHM. Cyĵ a no pacqexaM DKCKpeuzz jioqepnero 
"BHyxpeHHero'^zsoxona z nojiaraa ero odMen ojiZHaKosuM c "BneniHHM" 
nojioHzeM, B nepBHe 5 ;i;Hea "Bnemnza" nojioHza B COXHD pas npeBumaji 
yposeHB BujtejieHza "BHyxpeHHero" zsoxona. H JIZUIB qepes 50-150 
XHea MoiHO oi:z;i;axB npeBajizpoBanza "BuyxpeHHero" noJiOHza naji 
"BHeniHZM" B 2-6 z doJiee pas.iaKxzqecKyc ẐHaMZKy BUBejienza z ee 
napaMexpoB npe^cxozx nojiyqzxB B j;a;ibHeamzx nadJiBJieHzax. 

4.BuBei;eHze Z3 opranzsMa CBZHua-210 npozcxojtzx see c doJiee 
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BHBe^eHze "BHemHero" z '•BHyipeHHero''nojioHHa-2I0 
ox BBe^eHHoa ''BHeiHHe2";5osM.H30xon npzHZMajica B < 

CBHHIT0M-2I0 

TadJiziia 2 
y JiBjtea B ^ 

CMecz CO 

raz^p 
zcnuxyeMoro 

CyxKz nocjie BBejenza 
14 

prro Ka;i 47,26 20,10 8,49 1,59 0,21 0,46 
^^ Moqa 0.05 0*02 o!03 

0,021 

TMH Ka;i 44,50 26,11 14,57 4,78 1,07 1,26 0,38 0,127 
Moqa 0:i2 0:31 0.02 0*04 0.05 o!02 o!054 

HAH Kaji 
Moqa 

36,27 46,88 7,70 0,53 0,26 0,26 0,11 
" ''" o!o2 o:o4 o:o3 0:010.04 0.08 0̂ 02. 

0,166 
0:010 

HMC ^^^ '̂ Moqa 
28,84 11,86 17,00 0,00 4,27 0,75 2,34 

0:02 0.21 O.OI O.OI 0*05 0!03 
0,616 

CP^^^^^Soqa 
39,22 26,29 11,94 2,30 0,51 0,68 0,94 

0,02 0*06 0 : i9 0*02 0,02 0,04 0*04 
0,232 

^ 0 2 5 . 

TadJizua 3 
BMBejieHze CBZHua-210 y nme^ B ^ ox BBê ieHHoa ;IO3M 

lllz(|)p zcnHiy-
CMoro j 

CyxKZ nocne BBejenza 

Ka;i 55,69 
Moqa 0.47 

2 
"I5757 

3 4 
I,U3 0 

5 6 
,23 U,22 

14 21 28 
•0,07 0,02 o , o r PHB 0,21 0,13 0:09 0,07 0.08 0:07 

m»n Kaji 40,35 27,62 11.64 
^^^ Moqa 0.32 0.03 0.025 

4,58 0,51 0,51 
!06 0,02 0:05 0 

0,090,07 0,05 0,08 
o:o2o!o8 

m™ Ka;i 34,94 44,51 8,68 0,32 0 
^ ^ Moqa 0 ! l8 0!08 0.07 o!03 0 

,12 0,06 
,02 0!03 

0,050,06 0,05 0,06 
0,030!03 

TOf Kaji 38,56 
^^^ Moqa 0!46 
UpeM, 

19,72 
O.IO 

23,74 0,00 7,55 0,29 
0 ^ 9 0:03 0; 

0,330,09 0,04 0,015 
0,060!0I 

nee 
Kaji 
Moqa 

42,39 
0,36 

26,35 12,97 1,98 0,29 0,27 
" " " '^' l !05 0,05 QxIL aj)8. 0 ^ 6 0, 

0,160,07 0,04 0,04 
o:o4o:o5 

TadJiziia 4 
CKopocxb cqexa ox CBZHî a-210 (30-56 K3B) B 
jiodHoa Kocxz C B J6 ox nepBOFo zsMepenza ) 

Illz(|)p 
zcnHxyeMoro 

CyxKz noc;ie BsejeHza 

8 15 22 29 36 99 128 

PHB 100 125 90 87 80 68 
HAH 100 94 90 80 
HMC 100 100 155 120 IIO 135 65 45 
TMH 100 209 200 209 213 148 
Cpê Ĥee no ne- TQQ TOQ 
pBMM xpeM zcnu 
xyeMHM 

127 lOI 96 98 67 45 
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saMe l̂JieHHoa CKopocxbB z j;ocxaxoqHO saMexHwa cna^ naqzHaexca npz
Mepno qepes 15 snea nocJie npzeMa aKXZBH0Cxz*C 15 no 29 cyxKz, 
ecjiz cy;nzxb no zsMepoHzaM jiodnoa Kocxz,CKopocxb BUBejienza CBZH-
ua-2I0 Z3 opranzsMa cooxBexcxByei 34,6 ĵnaM, a sa nocJie;tyBmze 
99 cyxoK- 90,5 ^HaM* CKopocxb BMBejenza CBZHua-210 no SKCKpexaM 
OKasaJiacb npzMepno xaKoB xe KaK z yMeHbineHze cqexHOCxz B JiodHoa 
KOCXZ* 

3aKJiBqeHze 

IIoJiyqeHHHe ^auHue HOSBOMBX npe;inojioxzxb,qxo HeKoxopae KO3$-
$zuzeHXH MexadoMSMa CBZHua-210 z no;iOHza-2lO, npznaxue B cyme-
cxByBizx peKOMOH îauzax no HopMZpoBanzB, ne odecneqzBaDX cooxBex-
cxByBDizx rapaHxza, BcacuBanze 3xzx zsoxonoB (18-20^) y qejioseKa 
Bfcime B 2-3 pasa, qeM npznaxo* IIpz nociynjieazz zx B cociaBe nzme-
Bux npo;iyKXOB,KaK dtiJio panee HaMZ noKasanoo ,;iocxzraex 50^* 

B jtJiMxejiBHHx MHoroJiexHzx onHxax npejicxozx no;iyqzxb z ^pyrze 
KOHCxaHXH MexadojizsMa CBZHua-210 z no;iOHza-2I0,KoxopHe ^o Hacxo-
amero BpeMenz ne Moryx cqzxaxbca npe^cxaBzxeJibHWMZ* 
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I.A.Likhtarev, G.V.Arkhangelskaya, A.I.Dobroskok, 
I*A.Zvonova, N»P.Korelina, G.P.Kraanoshyekova, 

V.S.Repin, lA.P.Ushakoval 

The Institute of Radiation Hygiene 

The RSPSR Ministry of Public Health 

Leningrad, USSR 

Introduction 

Methods for mathematical modelling of the radionuclide metabo
lism in the human body and experimental animals and the method 
of compartment models,ill particular, have been successfully em
ployed in the solution of many theoretical'" and applied' prob
lems for a long time. 

When the behavior of a radionuclide-containing system is des
cribed by a linear model, the solution is, generally, easy to ob
tain. The computation difficulties (involved usually arise either 
from the amount of computing to be performed or from the incomp
leteness of the set of the model parameters. 

However,there are a number of situations where the linear ki
netic models of radionuclide transport cannot be applied.These 
include cases where coefficients in differential equation sys
tems are functions of time or contain products of functions.Such 
systems cannot be integrated analytically, as a rule, even in 
quadrature solutions.Meanwhile,the solution of such problems is 
of considerable practical and theoretical value, since this 
class of models includes the interaction of radionuclides with 
chelate complexing agents,e.g. DTPA, the protective action of 
stable iodine and, finally, the models simulating the changes of 
metabolic "constants" with aging. 

A continuous solution for non-linear models may be offered and 
the structure of these solutions can be studied for arbitrary in
put functions through the application of analog computers (AC) 
equipped with special devices for non-linear systems of the 
abovementioned types. 

Although the use of analog computers for the purposes of the 
compartment analysis has been already discussed̂ *"* ,the applica
tion of AC in the studies of non-linear models of the DTPA ac
tion, iodine metabolism and age-related changes of some parame
ters is a new aspect to the problem. 

This paper deals with these models and some methods of solu
tion and discusses the effectiveness of this computer analysis 
technique. Space does not permit a detailed discussion of each 
problem and an exhaustive analysis of the solutions obtained.-
Thug, the aim of this paper is to examine the techniques involv-
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ed in the solution of these problems and to suggest suitable 
structural schemes to be analysed on analog computers.Therefore, 
specific solutions for the models under consideration and the 
numerical evaluation of their parameters v/ill be outside the 
scope of this work. 

1 .Non-Linear Model of the Decorporative Effect of DTPA 

It was assumed in constructing the model that: 
(a)A single dose of hepatoosteotropic radionuclide,e.g. plutoni-
um, is injected and distributed among the organs and tissues of 
the organism which may be represented as a system of four com
partments (Pig.1). These are a compartment of blood including 
the pool of soft tissues X,two compartments representing the 

parts of the skeleton Y-] and the 
liverXwhere exchange occurs and, 
finally, a general compartment Z 
of the radionuclide which slowly 
exchanges in the skeleton Zj, and 
the liver Z2 (Zi+Z2=Z). 
(b)DTPA (P) administered to the 
bloodstream (Px) may be farther 
transferred to the exchange com
partment of the liver (Py) or go 
to urine (U) and faeces (P). 
(c)The formation and disintegra
tion of the DTPA - radionuclide 
(Xc and Yc) complex occurs in the 
blood compartment and the exchange 
portion of the liver, the excre
tion rates of DTPA and the complex 
being the same and exceeding by 
far that of the radionuclide itself 

This mechanism underlies the decorporative effect of DTPA. 
(c)The rate of complex formation is proportional to the product 
of concentration values of the radionuclide and chelate, and for 
the total volume of distribution - to the product of their 
amounts X Px and Y Py. The proportionality factor represents the 
effectiveness and selective properties of the chelate in the or
ganism media. 

The above model is described by the following system of dif
ferential equations: 

FLQ.L NonUnear mRtahoUc 'f JITPA-Pa mode£. 

ax § J = K,C^-CK,+ I<3+ IC )̂X - K,, P,X + K.^x, + K^y, + K^y, + K Ẑ ; 

dŷ  
d t ' = V -^'<e+^^'<,o)y2-'<ycPxy^+Xyci y.c; 

^ = K 3 X - ( K , - H K , ) y , ; 

( E q . 1 ) 
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on the initial condition that: 
qCo)"!; P(T)»li xro)=y,Co)=ŷ (;o)=Z(o)=Px(T;=py(:f;=o (Sq.2) 

The above system (Eq.1) was studied on an analog computer, 
some operational amplifiers of which were used for the modelling 
of DTPA transport and some other - for the nuclide transport 
(Pig.2). 

As seen from the system (Eq.1),the complexing process is in
cluded in the terms KXcPx X and KycPyY2 of the model. This pro-

FiQ.2. /InaLoQ computer 
modet ofWPfl-Pu 
decjorporatiire 
action. 

cess was performed by special units of the computer which effec
ted the same reaction through the scheme of Kxc Px 6,(x) and 
Kyc Py^(Y2)-^(x) and ^(Y2) are Kronecker's symbols. 

"'ol*-' lo,x=0 ' "ô -̂' 10, y=o 
Oo imply the termination of complexing, when the free radio

nuclide content of the compartments X and y2 becomes equal to 
zero. 

Application of multiplier units results in a considerable 
error and a decision bias due to the output residual voltage. 

To compare the predictions with the 
real behavior of the system, the re
sults of our own study of the initial 
stage of the metabolism and excretion 
of Plutonium citrate in the rat's orga
nism, following a single administration 
of 1 ml 5% solution of DTPA, were used 
(Pig.3). 

As the graphs show,the computed pre
diction for the function U(t) is con
sistent with the experimentalfindings. 
Also,similar results were obtained for 
the functions P(t) and X. The predic

tions and experimental curves for citrates 241Am and 144Ce were 
also found to be in good agreement, the magnitude of constants 
Ki being, naturally, quite different. 

To summarize, it should be noted that the application of AC 
offers an apparent advantage of producing multiple sets of con
tinuous solutions for any compartment,for arbitrary functions 
of the q and P intakes. The model in question reproduced on the 
analog computer may be used in the study of different modifica-
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tions of DTPA administration with a view to devising an optimal 
protection. 

2. Non-Linear Model of Iodine Metabolism 

Below follows a description of the structural scheme that may 
be used both in the evaluation of tactics of protection of the 
thyroid gland with potassium iodide and in the case of radiation 
destruction of the compartment "thyroid". Consider the two-com
partment model of iodine metabolism (7) shown in Pig.4. 

The disturbance in exchange proces
ses is induced by a change in the 

ZJm 
js 

oCfi/S) 

r -in 
m M 

rate of the iodine uptake by the 
thyroid,i.e. by a change in the comr-
munication constant of oC. Bonnel 
and Adams' offered a linear appro-
xijnation of the oC dependence on the 

FiQ.4. Two-compartment model level of the thyroid globulin depot 
o/iodine metaSoUsm. repletion: ̂ ,p(^_«^ /e\ (Ea3) 

where R corresponds to the maccimal iodine absorption from plasma 
("full iodine insufficiency"). 

Gm - level of iodine pool repletion (mg iodine) due to its 
dietary intake (mg in 24 hrs). 

S - full iodine pool - the size of the globulin depot ex
pressed in terms of mg iodine the maximum amount of which can be 
taken up by the thyroid. 
The uptake of large amounts of stable iodine results in a rise in 
the Gm level which is limited by S. 

An exposure of the thyroid to doses of tens of kilorads may 
cause the destruction of the globulin depot S. 

By substituting (Eq*3) into the set of equations which des
cribe the model, we obtain: 

dgA-t=-(R+r)S + R!f„VS-̂ j:>̂ +ni+M(T) (Eq.4) 

m - dietary intake of iodine 
Kt)-quantity of stable iodine injected for the thyroid block

ing at a moment t* 
A modification of the same system for radioactive iodine will 

dSydt=-(R+)-)8''+R£/'^g73+^^* , ^̂ '̂ •̂ ^ 

where S=S(D), while, in its turn, 'D='Z..ot^W)d±. 
The approximate form of this function for humans will be as shown 
in Pig*5' 
The differential equations (4) and (5), as shown in a genral form, 
have no analytical solutions. 

To construct a model of this system on AC, a relevant structur
al scheme should cover: 
(a) the state of iodine metabolism described by the equilibrium 
values of the pools and flows of stable iodine; 
(b) changes occurring in the system, when large quantities of 
stable iodine are administered; the blockage of the thyroid; 
(c) an adequate response to the administration of the radioactive 
tracer; 
(d) the destruction of the globulin depot S caused by the radia
tion injury of the thyroid gland. 

Pig.6. shows a structural scheme which meets all the above re-
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quirements. 
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The S-level changes are induced by 
diode elements, as the dose funotiofa 
is fed to their inputs. The G magni
tude with respect to the level of S is 
limited by means of a diode limiter* 

The application of dividers and mul
tipliers imposes certain restrictions 
at the choice of the scale. For in
stance,the equilibrium values of Gm 
and S are 7 and 8 mg,respectively. 
Stable iodine doses may be as large as 
500 mg. If a 100 V scale of the analog 
computer is used, voltages correspond
ing to Gm and S values will be withing 
10 V. Since the procedures of division 
and multiplication of low values of 
voltage involve a considerable error, 
the stability and reproducibility of 
solutions may be adversely affected. 

To cause a disturbance in the analog model, the computer is 
supplied with doser elements which make it possible to genl*ate 
voltage pulses varying in frequency and amplitude. 

An optimal method of protec
tion may be developed by means 
of simulating different patterns 
of radioactive and stable iodine 
intakes with the aid of these 
doser elements. 

Fig.7 gives an illustration 
of the computer-predicted curve 
for radioiodine excretion from 
the thyroid in conditions of 
large dose burdens. The sharp 
bend corresponds to such magni
tude of S(E0 that S(DO=Gm,while 
the destroyed portion of the 
globulin depot GA=S(0)-Gm. At 
this moment cl(G,S)=0. A general 
discussion of this problem can 

^^\o^] 

^ ^ ^ ^ ^ H > ^ - L J 

Wys)f^ 

be found in our paper' 

FiQ.6. The stru-cturaL scheme of 
non- tinecu- model of iodine meia 
£>olism. Cy-non-lCnecu- tr-ans-

formcutions un-ct 
3» Age-Related Model of Strontium and Calcium Metabolism 
The dietary intake of global strontium-90 by humans commences 

as early as the birth, and even earlier, in prenatal life. The 
existing strontium-calcium metabolism models, however, are based 
on the parameters of adult standard man. It stands to reason that 
these parameters, including those of the compartments, should 
change with aging ^, These changes are primarily due to the build 
up of the skeletal calcium pool in the course of its development 
with time. 
The changing requirement in the calcium taken with diet q(t) is 
related to the skeletal pool increment dx/dt and the size of this 
pool X by the following non-linear differential equation: 

dx/dt =9(1:)-K(Tr;x. (Eq*6) 
This equation is a special case of a more general four-compart
ment model*and a solution may be obtained by numerical methods. 

Using the data on the age-associated requirements in calcium 
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found in 

^~| i ^ 1 ' 1 1 I ' I ' r~i 

Man {3J -

and the Mitchell curve^ which gives the rate of calcium 
increment in children's skeletal 
the function K(T) is easily de
rived from Eq.6.By introducing 
the compartment of plasma the 
calcium concentration in which 
does not change with age, it is 
possible to construct a more ge
neral two-compartment model(Fig. 
8a) which will correspond to 
the system (Eq.7)« 

12 
0,1 L. 

0 2 4 6 8 

Fi^ZComputer pr-edLctLon of 
LocUne ejccretion j-'xm thurotd 
ai Qt~eat dose bah-dens 
o - •eacpef-imenta.l data. 

C ^ = [Ky (T)+K/t)]Xpe +K(T)X +c^(T), 

^=K,et)Xpt-KCT)X. 
(Eĉ .z; 

T ,̂ 

K^C^) 

K (T) ' ' ' 

X(i,T) 

n'hen modelling the system in 
analog computer qCt) function 
and non-linear parameters K(*C) 
and Ki (IT) were simulated with 

the aid of special non-linaar units. AC solutions are in good ag
reement with calculation results. 

Conclusion 

Three types of non-linear problems 
of the compartment analysis are consider 
ed. The problems are studied and solved 
by means of an analog computer. To this 
end, a suitable structural scheme was 
developed for each problem. The obtained 
predictions are in good agreement with 
some experimental findings, which give 
every reason to consider the suggested 
models to be adequate. 

Thus, the analog computer modelling 
provides an effective means for the 
quantitative analysis of the sufficient
ly complicated non-linear problems of 
radionuclide transport in the living or
ganism. 

FL^ 8. a. CLoe.-related model 
of Sr and Ca metabolism 
b. The sfructurxxL scheme 
Cff ^C-model. 
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INTERPRETATION OF EXPEHIMMTAL DATA ON POLONIUM-210 
METABOLISM FOR COliUPUTING ADMISSIBLE LEVELS 

Yu.D. Parfenov 

Institute of Biophysics of the USSR Ministry of Health 

Moscow Union of Soviet Socialist Republics 

Abstract 

210 
Experimental data on Po metabolism in animals show 

that there are some izncertainties for the value of absorption 
into the blood from the gastro-intestinal tract and from the 
respiratory system; for the choice of the critical organ and 
for assessment of the nonuniformity of the internal irradia
tion. However there is no real basis for radical changes in 
the existing admissible levels of 210po intake into the hioman 
body. 

210 
Po is one of the most highly toxic radionuclides /1/. The 

existing ICRP recommendations axe based on the admissible 
^lOpo content in the body of the professionals equal to 
0.05 |iGi, and the spleen is taken as a critical organ with the 
210po content equal to 0,002 |ACi/2/» This paper sets out to 
analyse experimental data on ̂ "lOpo metabolism in animals for 
calculating admissible levels of this radionuclide intake in 
man* 

Absorption from the gastro-intestinal tract 

210 ICRP recommendations are based on the value of Po 
absorption from gastro-intestinal tract into the blood equal 
to 0.06, This value was obtained by administering inorganic 
compounds of 210Po to animals /5, 4-, 5/» Our data for dogs 
and rats confirms this value. However Morrow et al. /6/ have 
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shown already that absorption into the blood depends on phy
sico-chemical properties of the 210po compound administered. 
According to their data for cats the rate of absorption from 
intestinal tract for soluble polonium citrate was 10 times 
higher than for colloidal polonium. It was Hill /7/| Litver /% 
Kauranen and Miettinen /9/, who first drev/ attention to the 
fact that the assessment of the natural 210po intake by people 
from -ĵ e Arctic regions who eat reindeer meat gives a value 
of 210po absorption from the intestinal tract, which is much 
higher than was assumed from experiments. Our indirect assess
ment of the natural 210pQ absorbed into the blood, which en
ters the human body from the environment mainly through food, 
is 0.35 /10/. This high absorption into the blood may be 
explained by the fact that 21Op© which enters the body with 
meat or other food stuffs is in fomi of organic compounds, 
where it is bound with highly soluble aminoacids. Another 
reasonable explanation for this fact is that the 210po natural 
intake into the body is 105—10^ times less the amounts of 
2l0po administered to experimental animals. This difference 
may influence the physico-chemical state of 2l0po microquan-
tities with pH in the intestinal tract, and thus the level of 
absorption into the blood. Johnson and Watters* latest data 
/11/ show that 210po entering rats in the form of organic com
pounds with milk from exposed cows is absorbed from the gast
ro-intestinal tract into the blood in much higher levels than 
with administration of inorganic compotmds. This may serve to 
confirm the first proposition. Thus the level of absorption 
of 210po in the form of organic compoxmds in food stuffs is 
higher than that in the form of inorganic compounds. It would 
thus seem that there is no reason to increase the value of the 
2l0po absorption coefficient in order to calculate the admis
sible intak:e for professionals, as they are dealing with inor
ganic 210po compoiinds. However, when calculating the 210po 
intake via food chain it is necessary to taJce into account the 
fact that organically boxind radionuclide is more easily abso2?-
bed into the blood. 

Absorption from the respiratory system 

The level and rate of radionuclide absorption from the 
liings into the blood are mainly determined by the degree of 
solution of the inhaled compoimd. 21CU 

Berke and DiPasqua /12/ consider that ^Po absorption 
into the rats* body after multiply inhalation amoimts to 

20-26% of the radionuclide inhaled. The 210po absorption coef
ficient for rabbits* lungs which was obtained through compa
rison of 210po retention after intravenous and intratracheal 
administration, the retention being measured by histoautora-
diography and cotinting tracks, is 27-48% of the total amoxmt 
of radionuclide retained in the lungs /15/« Por rats, 29,4% 
of the 21C>po administered intr at r ache ally is absorbed into 
the blood. Smith et al. /14/ obtained a value of 20.3-52.5% 
for the 210po absorbed by dogs inhaling polonixim chloride. 
Little and McGandy /15/ studied the 21upo absorbed into the 
blood through smoking. According to their assessment at least 
58% of the total amount deposited in the liongs is absorbed 
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into the blood. Thus the probable quantity of the inhaled 
compound, assessed on the basis of above-mentioned data, 
allows us to say that about 19-54% of the 210po inhaled is 
absorbed into the blood. 

The dynamic lung model for retention and clearance of 
radionuclides inhalaed into the respiratory system /16/, which 
was developed by ICRP, is an important step forward compared 
with their former recommendations. According to this model 
polonium and its compounds belong to the "W** class (moderately 
soluble compovmds). This model's parameters, characterizing 
the 210po behavior in the respiratory system, correspond to 
the actual process of 210po clearance from the lungs. Our data 
for rats and other experimental data /14/ fully confirm that 
the longest biological half life from Ixing is 50 days. 

According to the ICRP model the quantity of radionuclide 
absorbed into the blood from respiratory system is determined 
hy the following expression: 

Ao+Ar Ae+Ar Ae+-Ar {\+\)[^\-^\) 
where D^, D^, Dj. - the corresponding coeffecients for deposi
tion in three regions of the respiratory system (nasopharynx, 
tracheobronchial region and pulmonary region) which depend 
on the aerodynamic diameter of the particles; f - correspon
ding fractions of radionuclide in each region cleared with 
the according constants of biological elimination - A 
( f* and ^ do not aepend on the particles* size); ,̂. - the 
constant of radioactive decay. Substituting the corresponding 
figures for D, f and A for the "W" class and Â - = O.OO5 
for 210po and solving this expression, we obtain an absorption 
coefficient of 9.4-14.5% for the particles in size range of 
0.01-10 pm. As can be seen from the above, this calculated 
value is substantially less than the absorption value for 
210po obtained from actual experiments. This divergency can be 
explained by the fact that 21ppo in the body can not be consi
dered a homogeneous, moderately soluble compound, because in 
pH in the body polonium can be found in two fractions simul
taneously - aggreggated (insoluble) and ionic (soluble) -
which have their own rates of clearance from the sustem. 

Analyzing the routes of 210po metabolism in the respira
tory system according to the ICRP model, it can be seen that 
80% of the material deposited in the pulmonary region is 
transported by the cilia through the tracheobronchial tree to 
the gastro-intestinal tract and only 15% with T-^/p(biolo)=50 
days is absorbed through alveolar membranes into the blood. 
It would seem that the value of -fg - fraction transported 
from the pulmonary region into the blood, for 2l0po amounts 
to 0.45 instead of 0.15« 'There follows a parallel reduction 
in the values for the -F^ and fg - fractions transported 
to the gastro-intestinal tract, to 0.3 and 0.2 respectively. 
Once the parameteres have changed in this way the absorption 
coefficient will be equal to 15.8-52%, which corresponds more 
closely the actual experimental data. 
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Distribution in the body 

?in 
Po in the blood is found in two forms - xn an xonxc, 

highly dispersed state and in an aggregated state simultane
ously, p. 

The highlydespersed ionic form of '̂  "-To probably bound 
with organic acids, is easily soluble and transportable; 
210po in this form is distributed in the body correlating 
with sulphur distribution, being its analogue and possible 
substitute in organic compounds. '̂ 'YPo in this form is easily 
excreted through the kidneys with urine. 

The other fraction is the aggregated form of 210po, Its 
basis is the colloidal or pseudocolloidal forms of 210po v/ith 
the body pH. This form of 210Po can be nonspecifically boixnd 
v/ith protein. The aggregated 210po is not diffusable because 
it is in the form of large aggregates which cannot enter the 
membranes and the walls of blood capillaries. They are phago-
cit ized by macrophags and the cells of the reticulo-endothe-
lial system. That is why this form of 210po is mainly deposited 
in the liver, spleen, lymphatic nodes and, partly, in the 
adrenal glands. This form of 210po is excreted through the 
intestines with the bile. Tliese states of 210po do not appear 
to be stable. 210po can transfer from one state to the other. 
Thus, for example, aggregated 210po can be destroyed trans
ferring to the highly dispersed form under the influence of 
complex-formation with organic ligands. 

A part of 2IOP0 (apparently in the dispersed form) is ad
sorbed to the surface of the erythrocytes, and when the lat
ter are destroyed it is deposited in the spleen and liver. 
The ratio of these two forms of 210po depends on many factors: 
the pH environment, the presence of other chemical compounds 
(phosphates, citrates, thiols et al) and, finally, on the con
centration of polonium atoms. 

Critical organ 

Though at present the spleen is considered as a critical 
organ for 210po, there exist at least three more organs with 
the same radiosensitivity level, where 210po retention is 
2-5 times higher than in the spleen-that is the kidneys, liver 
and lymphatic nodes. At the same time 210po concentration in 
the gonades, regarded as belonging to the first group of radio-
sensitivity, is only 2-3 times less than in the spleen. We 
observed that the relative 210po retention in the spleen dec
reases in the following succession: mouse-rat-rabbit-dog-man. 
This speaks for the fact that it is hardly reasonable to 
choose the spleen as a critical organ. Pin 

The earliest changes luider the influence of minimal Po 
quantaties exeeding admissible levels 10-50 time, may be found 
in the fimction of the liver enzymatic system, in the skin 
and endothelial capillaries, in the blood system and in the 
state of enzymatic systems and bile secretion function of the 
liver. Those changes are as follows: transient bilirubinaemia, 
increased aldolase content in the blood serum, changes in the 
volume of renal plasma flow; displacement of adsorbtion expo
nents of 1511 bengal-rose by the liver cells /17/. With higher 
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levels of radiation after Po administration to experimental 
animals the liver and kidney also show more signs of serious 
damage compared with other organs. However, the relatively 
umform 210po distribution with prevailing retention in the 
reticulo-endothelial system leads to the irradiation of prac
tically all the organs and tissues. In connection with this, 
damage to the neuro-endocrinal systems is characterestic for 
210po; this damage in its turn indirectly furthers the deve
lopment of radiation damage in various organs stemming from 
the direct impact of (A-irradiation /18/. The essentially 
adaptive reactions of the sympatho-adrenal system and the 
pituitary-adrenal cortex system may exceed the physiologically 
expedient level and aggravate the progression of radiation 
sickness. One should bear in mind that the direct impact of 
210po on the hypothalamopituitary region and on the reproduc
tive system is more important than its effects on the reticu-
loendothelium, where the radioisotope preferentially accumu
lates. The concept of "the critical organ'* or the preferen
tially irradiated organ is in adequate for analysis of the 
pathological process following exposure to 210po, it is pro
bably fair to say that the critical organ concept is valid 
only when we consider the reaction of the body as a whole that 
develops as a result of the direct impact of the isotope on 
tissues and its indirect effects. An this considerably com
plicates the choice of the critical organ for 210po, Hov/ever 
calculation of admissible irradiation levels taking various 
systems as the "critical organ" (kidneys, liver, spleen, 
reproductive system, the whole body) reveals no essential 
divergencies for assessing admissible intake. 

Non-unifonnity of irradiation 

210 In spit» of the generally vmiform Po distribution in 
the body, the difference between the highest concentration 
(in kidneys) and the lowest (in the skeleton) constitutes two 
orders. IJX the homogeneous tissues the 210po distribution 
is fairly diffusive and relatively uniform. However in some 
organs (kidney, spleen) the distribution of 210po is non-imi-
form. Thus, for example, the 210po concentration in the renal 
convoluted tubules is approximately 50 times higher than in 
the medulla, as was obtained by the histoautoradiographic 
method used for rabbits /15/. Even with the regular intake 
of radioactivity by man at uranium mines the 2l0po concentra
tion in the renal cortex is 4.2 times higher than in the me
dulla /19/. In rabbit spleen after a single administration 
of 210po the ratio of red pulp/phollicule concentrations is 
about 5/15/. On the whole, the maximum concentrations of the 
radionuclide in the kidney and spleen are usually 2-5 times 
higher thas the mean concentration for organ, which is used 
to calculate admissible levels. In connection with this fact 
one should take into account the non-uniformity of distribu
tion while assessing the maximum levels of irradiation on the 
basis of the mean concentration for the organs (or the total 
content in the body divided by the organ*s weight). 
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Elimination half-life from the organs 
210 

The decrease of Po in the organs after a single admi
nistration is v/elil described by one exponential function during 
a lonG-te3?m observation. Only in the initial phase, which is 
limited to several days after administration, it is possible 
to determine for certain organs one more rapidly eliminated 
fraction with a short half-life (lymphatic nodes, liver, kidne^^ 
The rate of decrease for 21Opo.amounts, as a result of biologi
cal elimination and radioactive decay expressed through Tgff, 
can be taken as similar for all organs and tissues. The Teff 
differences in the experimental data can be explained by the 
insuffecient number of measurements, by individual deviations 
and by the range of measurements. This speaks for a similar 
mechanism of 2l0po metabolism in tissues. The Tgff value ranges 
from 29 to 42 days /18/ as v/as confirmed by experimental data 
on dogs, rats and mice after a single 210po administration. 
The value of 57 days may be generally accepted. This value cor
responds well to the data for man which range from 22 to 47 
days /21-24/, The rate of 210po- excretion from rabbits is con
siderably higher, Tgff for rabbits is about 6-19 days /25/. 

Conclusion 

210 
Thus after analyzing the experimental data on Po meta

bolism obtained from animals, it is possible to conclude that 
there are some uncertainties regarding the coefficient 
of absorption into the blood from the gastro-intestinal tract 
(organically boijind compoiuids of 210po) and form the respirato
ry system; regarding the choice of the "critical organ" and 
the assessment of non uniform internal irradiation in organs. 
However at present, these uncertainties do not provide adequa
te ground for substantially modifying existing admissible 
levels of 210po intake for man. 

References 

1. Morgan, K.Z. et al. Health Phys, 10 151 (1964). 
2. ICRP. Report of Committee II on Permissible Dose for Inter

nal Radiation. 1959. Health Phys. ̂  (1966). 
5. Antony, D.G. et ail,, Int, Conf, peaceful Uses atom. Energy 

(Proc. Conf. Geneva, 1955) 11, UM, New York (1956). 215. 
4. Stannard, I,N, Radiation Research, Suppl. 5, 49 (1964). 
5. Fink, R.M. (ed.), Biological Studies with Polonium, Kadiixm 

and Plutonixim. McGraw-Hill, New Yoric, Toronto, London 
(1950). 

6. Morrov/, P.E. et al. Radiation Research. Suppl. 5, 60 (1964). 
7. Hill, C.R. Radioecological concentration Processes, Oxford. 

London (1967) 297. 
8. Litver, B.J. The 210pb and 210po migration through lichen-

reindeer-man chain. Thesis, Leningrad (1972). 
9. Kauranen, P., Miettinen, I.K, Health Phys. 16 3 287 (1969). 
10. Ladinskaya, L.A. et al. Arch. Environ. Health (in press). 
11. Johnson, I.E., Watters, R.L, 210po02 metabolism in Rumi

nants. Final Report and Summary. COO-2044-5 (1972). 
12. Berke, H.L,, DiPasqua, A.C. Radiation Research 16 591 (1962). 
15. Parfenov, Yu.D., Solovjev, A.I. StraJilentherapie 143 5 562 

(1972). 

1369 



14. Smith, F.A. et al. Am. Ind. Hyg. Ass. J. 22 201 (1961). 
15. Little, I.N., McGandy, R.B, Arch, Environ. Health 21 ^95 

(1968). 
16. ICRP. Task Group on Lung Dinamics. Health Phys, 12 173 

(1966). ~~ 
17. Guskova, A.K., Baisagolov, G.D. Radiation sickness of man. 

Moscow. Medicina (1971). 
18. Moroz, B.B,, Parfenov, Yu.D. Polonium-210 effect on orga

nism, Moscow, Atomizdat (1971)• 
19. Blanchard,R.L., Moore,I.B, Health Phys, 21 499 (1971). 
20. Jackson, S,, Dolphin, G.W, Health Phys, 12 4 481 (1966), 
21. Guskova, A.K. et al. Med. radiologija 9 51 (1964). 
22. Kalmykov, L.Z, et al. Med. radiologija 12 26 (1969). 
23. Taylor, N.A. Health Phys. I^ 1 147 (1970). 
24. Foreman, H. et al. Am. J. Roentgenol. 22 1071 (1958). 
25. Parfenov, Yu.D,, Polubojarinova, Z.I, Int, J, Rad. Biol, 

(in press). 

1370 



REGULARITIES IN METABOLISM OP RADIOACTIVE ISOTOPES 

UPON INCIDENCE ON THE SKIN" 

Ilyin L.A. 

Institute of Biophysics Ministiy of Health USSR 

Moscow, USSR 

Abstract 

This report based on the experimental data 
and calculated-dosimetric estimates for the first 
time presents a discussion on the metabolic regu
larities of radionuclides of the elements of va
rious groups of the Mendeleev periodic system 
when their solutions axe applied to the skin. 
Common features in the distribution of these agents 
in the skin irrespective of their chemical origin 
have been established. Essential differences in the 
accumulation levels of radioactive substances in 
the skin and in the level of percutaneous resorb-
tion have been fotind. It is shown that transfol-
licular route is the main way of radionuclide pe
netration into the body through the skin. 

In order to develop the problem of setting standards for 
skin contamination with radioactive substances and to find 
effective decontamination means, one must have proper data on 
the regularities in metabolism of radioactive substances when 
they come in touch with the skin integument. 

Three consecutive stages in the metabolism of radioactive 
substances are conventianally assumed as follows: 

on the surface of the skin, within the skin and within 
the body, 

1, The analysis of the kynetics of radioactive contamination 
of the skin and of the dynamics of its decontamination may 
allow us to assiime that radionuclides on the surface of the 
skin are distributed superficially at least as three layers 
/i,2 /. The upper friable and easily removed layer is formed 
as a result of mechanical deposition of radionuclides (car
riers). The second layer is formed due to physico-chemical 
processes that determine the interaction of a radioactive 
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substance with active groups (radicals) of the skin superficial 
structures. Formation of the third layer / / 1L^ stipulated by 
ionic exchange between the macrocomponent (the surface of the 
skin) and the microcomponent (the radioactive ion). 

Results of hystoautoradiographic studies allow us to come 
to the conclusion that the main route for the penetration of 
the majority of radioactive substances into the skin is the 
transfollicular route and to a lesser extent it is the trans-
epidermal route /^ /• 
2. Metabolism of radioactive substances within the skin layer 
after their solutions are deposited on the surface of the skin 
has been studied mainly by Soviet scientists /^~5/ as well as 
by Japanese specialists /^"^/. Methods of solving this complex 
task have been fotmd and use the technique of radiome'to'y of 
consecutive horizontal skin sections 20-40yvvm thick /^/. This 
allowed us to have data on the levels of accumulation, the mo
de of the intercutaneous distribution and elimination from the 

137 89 140 
skin of pigs of uranium fission fragments (Cs ^', Sr , Ba , 
Y^\ Ce'l^''*1^, Nd''^^ Pr-^^^, Te^52^ ^^99^ l151) / 3/ ^^ ^^^^ 
as of Po^''^/v and transuranixim elements (Pu^°, Am^^'') /^/, 

Analysis of the experimental data has established that the 
character of the distribution within the skin of uranium fissi
on products is the same despite their chemical origin. The 
characteristic feature is a shaxp reduction in the concentra
tion of radionuclides within the skin according to the depth of 
the layers down to 20Q4vm, a more moderate reduction in the 
layer from 200 to 50Qnm and almost a uniform distribution in 
still deeper layers. ' 

Analogous regularities have been also noted in principle 
for Po210^ p,,239 ^^ ^241 / ̂ .5 /, 

The curve showing the distribution within the skin of 
fragmentary radionuclides down to the depth of 600^m is well 
described by the following exponential equation: 

-K^x -IL^x. -K,x 

^x ~ °o^^1)l •*" ^2^ •*• ^3^ •̂» ̂ ^®^® 

(J is the concentration of a radionuclide at the depth of x, 
/v\Ci/(cm ,km)f CQ is the concentration extrapolated to the 
depth x=o, X is the depth in/wm; a^, ag, a, are the contribu
tion of each exponent to the general function of distribution; 
K-i, K2, Kj are the constants characterizing the gradient of 
decreased concentration for the corresponding exponents, M m 
(see Table 1). ^ 

Experimental data and calculated absorbed doses within the 
skin for Ji -sources of various energies prove the adequacy of 
the surface distribution model for estimating absorbed doses of 

/^ -radiation in the skin, beginning with the energy of 0.2 MeY. 
In the case of more soft j3 -radiation sources, account should 
be made of the contribution to the dose due to the effect of_ 
radioactive substances that have,penetrated into the skin / -̂ /. 

Osanov and his colleagues /^ / have estimated experimen
tally the dose distribution function for a thin plane << -source. 
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While the general character of the intercutaneous distri
bution of radioactive substances within the skin is quite of 
one and the same type and does not depend considerably on the 
time of the radionuclide exposition on the Surface of that or
gan, the levels of their accumulation within the skin differ 
considerably. According to this index, all the radionuclides 
that have been studied may be arranged in the following order: 
l151, Po210>ceW, l^^^5 Hd'1^7>Mo99, Te''52> sr^^, 
Ba''^>Cs'157>p^23§^ ^24l, 

According to the data obtained by US| the maximum accumu
lation of the radionuclides within the skin is achieved in a 
relatively short interval after the radioactive solution is 
applied onto the skin (within 15 minutes to one houx). The amo
unt of radioactive substances in the skin (the sxirface layer 
30/Vim deep being excluded) is within the range from 4—5 per 
cent (l13i po210) to 0.1 per cent (Pu239) of the amount of the 
radionuclide applied to the surface of the skin. 

In order to study the intimate exchange mechanisms of 
radioactive substances in the skin it is very important to have 
data available pertaining to the peculiarity of their interac
tion with various biochemical components of that organ. 

Table 2 presents the data of the distribution of the radio
nuclides of molybdenum, tellurium, strontium, barium, yttrium, 
cerium, praseodymitun and neodymium between various skin, frac
tions (soluble in lipids, soluble in water and residual). 
2 These studies carried out in cooperation with Shvydko, N.S,, 

/ / have also considered the distribution of radionuclides in 
the above mentioned fractions after their isolation from epi
dermis, derma and subcutaneous connective tissue. All the expe
riments yielded identical results that testified to the fact 
that despite their chemical origin, all the radionuclides pre
sent in the skin were mainly linked with insoluble proteins 
and hardly solving inorganic compounds (phosphates, sulphates, 
etc). 

A relatively small amotxnt of radionuclides interact with 
lipids and proteins soluble in water. All this allows us to 
suppose one type of mechanism that determines parameters of 
time for exchange and elimination of radionuclides from the 
skin. 

This hypothesis is to some extent corroborated by the re
sults of preliminary studies /^)fO / aimed at estimating effec
tive half-lives (Teff ) of a number of radioactive substances 
in the skin (see Table 3)» 

As one can see from Table 5, despite the origin of a radio
nuclide in this or that group of elements of the Mendeleev 
periodic system, they have a common feature which is a rapidly 
exchangeable fraction (with Teff equal to several hours) that 
accounts for 65-95 per cent of the amount of radionuclides 
deposited in the skin. The contribution of the relatively slow
ly exchangeable fraction (with Teff equal to several days) is 
of the order of 5-35 per cent. 
5. The levels of percutaneous resorbtion of radioactive sub
stances into the body depend on the type of the chemical com-
po\md and the aggregate state of a radionuclide. As can be seen 
from systematized data obtained during our studies and from the 
published data, the range of values of this index lies within 
several hundredth fractions of a per cent up to several per 
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cent of the amoixnt of the radionuclide applied to the surface 
of the skin, TJais allows us to classify radioactive substances 
according to their low, medium and high level of percutaneous 
resorbtion. With due consideration to some exceptions depending 
on the type of the chemical compound we classiiS^ the following 
elements: uraniiam, thorium, transuranixim and transplutoniu^i 
elements, radionuclides of the sulphur subgroup (tellurium, 
polonium) as radionuclides with the low level of percutaneous 
resorbtion (to the tenths fractions of a per cent); radionuc
lides of the elements of the IlSai group, uranium fission pro
ducts as radionuclides with the medium level of percutaneous 
resorbtion (from several fractions of a per cent to one per 
cent) and radionuclides of the alkaline elements, the chrome 
subgroup, the Vlisfe and Vllli^ groups of the periodic system 
as those with high level of percutaneous resorbtion (more than 
one per cent). At the same time the analysis of all the avai
lable data on the exchange of radioactive substances being 
applied onto the surface of the skin did not reveal any corre
lation between the levels of their acctimulation in the skin and 
within the body. 
4. Comparison of the peculiarities in the distribution 
within various organs and tissues of radionuclides of the ele
ments of various groups of the Mendeleev periodic system depen
ding on the route of their entering the body, allows one to 
conclude that the character of their distribution when they are 
applied on the skin is the same as in the case when they enter 
the gastro-intestinal tract. 

Under the conditions of additional total bo<ay X-irradia-
tion, the exchange of radioactive substances applied onto the 
skin varies insignificantly. Therefore, this factor should not 
be listed among those that may aggravate radiation effects on 
the living organism. 

Table 1 

The values of the parameters of the function 
characterizing the change in the concentration 
of /5 -radionuclides in the skin according to 

' various depths 

Parameter J a^ '. &2 ! ^3 ' 

Value ;0.85!0|15 lo.02' 
: : : ! 

; ^ ^ 

'. 6.95x10"^ ! 

• ^ ; 

t 1.75x10"^ 

• 5̂ 

2.56x10"^ 
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Table 2 

The distribution of radionuclides in various 
skin fractions, % 

Radionuclide 

Mo99 

2,2132 

SrS9 

Ba'̂ 0̂ 

Y91 

^141,144 

Pr''̂ 5̂ Nd''̂ 7 

I Fraction 

.soluble in 

14.5+2.5 

11.8+2.6 

10.5+2.7 

11.1+2.9 

11.4+2.2 

12.5+0.5 

5.84O.7 

lipids!soluble in 
• 

29.6+6.4 

6.5+1.6 

14.4+4.3 

7.7+2.4 

4.4+1.2 

3.8+0.2 

1.9+0.1 

water! residual 
• 

55.9+8.0 

81.7+11.4 

75.5+17.2 

81.2+11.5 

84.2+1.5 

85.7+0.2 

92.3+0.7 

Table 3 

The kynetics of elimination from the skin 
of some radioactive substances 

Radio
nuclide 

H^ 

Cs157 

Pu239 

Po^lO 

. « • 
• 'Teff * :compound : 1*:] 
: :hours: 

H5O 1 

CsCl 8 

Pu(N05)^ 13 

Po(NO^)^ 8 

per c 

95 

65 

80 

70 

ent:^®^^2* 
:days 

12 

2 

5 

15 

: per 

5 

55 

20 

50 

«^^+!Biblio-
<̂ «̂ *; graphy 

(10) 

(10) 

(10) 

(5) 
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"DETERMINATION OF THE CONTENT AND KINETICS OF THE 

BEHAVIOUR OF SOME RADIONUCLIDES IN THE BODY OF 

MAN BY THE IN VIVO TECHNIQUE" 

A.Dp Turkin, V.P. Stolyarov, Yu.Ja. Sokolov 

The Institute of Biophysics Ministry of Health USSR 

Moscow, USSR 

Abstract 

The regularities in accumulation, distribution and elimi
nation of krypton-85, xenon-133 and iodine-131 from the body 
of man have been studied on voltmteers. It is shown that intake 
of the inert radioactive gasses and gaseous iodine into the 
human body is primarily through the respiratory organs. The in
tact skin is of little importance in this process. 

BHM HccjieflOBaSH saKOHOMepHocTH HaKonjreHHfl, pacnpe^ejieflaifl 
a BHBefleflafl as opraaasMa ^ejioBeKa KpanTOHa-SS, KceHOfla-133 a 
fiojta-I3I. [ I j 

3KonepaMeHTH npoBomjiacL o npaBJieqeHaew ;̂ o(5poBo;n>iieB-Myacqafl B 
B03pacTe OT 27 ^o 50 JieT. BpeMH KOHTaKTa o KpanTOHOB«-8o a Kce-
HOHOM-I33 cocTaBJDUio OT 0,5 flo 66 ^ o o B . KoHueHTpaixafl axax pa-
jqaoaKTaBHHX asoTonoB.B repweTa^mofi Kawepe 0(3!&eM0M 3,1 M'' GOC-
TaBJiflJia 5 .10 ' + 10" KJopa/ji B saBaoawooTa OT nejm aKonepaweH-
Ta. SKcnepaMeHTajiBHHe aocjiefloBaHafl noKasajm, HTO naKonjieHae a 
BHBeji;eflae KpanTOHa-85 a KceHOfla-133 a3 oT^ejiBHHx opraHOB a TKa-
Hefi ^ejioBSKa ja;ocTaTo^HO TO ÎHO noOTaflfleTCH SKcnoHeHEtaaJiBHOMy 3a-
KOfly. 

CUeflOBaTejiBHo, wm pao^eTa fl03H npa BHyTpeflHeM o(5jty^eHaa pajtao-
aKTaBHHwa a30TonaMB anepTEHx rasoB MOXHO acnojiB30BaTB ypaBHe-
Hae ( I ) 
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OSSI 

-B$ BnnH<iirB^BaB]a^B raonaoHOO a ^XBHOHipo OHSora Haodaon 9HHXoa 
89d9h Birog 0J0H8Bdp008BJ HBH9ifni?xoon Bxoodoao HBHBp9]roa *&n(MViii 

-aa-on •BraHaoaBHBffo gsasx HffHp Cdir a HHHBxan wBK9d *^xooHSBifa 
'Bd.£xBd9nra9X) BXH9nBd9noae 9009tiodn a Hdx9raBdBn 9HHaifBxoo 9oa 

•y'H o«iow 
-9.£xHnoH & T" BXH9a]iB^eoa nHBhBir9a aaH9H9iM8B /!raoHX9viB& a oir9a 
-adn 9H eBd ooi ^ 9BHBp9iroa 99 aBa aBx *9x£S'8oa a isi-Blfog aas 
-6dxH9tiHoa araHaH9hBH8 BsmnVoxoB BuraaoaBHaffogH ?xBHOK<3;po £r8air9H 

naodaon 9HBxoa 89d9h Bffog ojOH8Bdpoo8Bj HBH9im^xoon Bxoodoao 
00dp8BJ '(S*/!. off Q*I XO B0X9BH9W 70 ) 8Bd C 3 Box9ifp9iroa HWBaod 

-aon BBBHBSoa Bffog ojOHSBdpoosBj HBlipd089a aBa Bffjox */!HBhBir9a 
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9doxaB9a woHKffoa-offoa BH XKHaoirojC xnaiic^dd a ^og 0J0HeBdp008 
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•a0009tI0dn XHHH9If0Hh9d 
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*0X BH HdX0N09H *aonOX08B XBXe KBH9a0HaBH0dn BIN8BHBX9y3 V99BhBir8Bd 
axBHOK<i.po OHxon ^HOH9oa a ^og JCraoH8Bdpoo86j a (XBH9inoHxo on 

BKOa HX00W9BilEH0dn a 9HhBIf8Bd 90aBX 0HH9aX09hB5I *%^*0 99]r0p 9H 
x9KiraBxooo naodaon 9HBSoa 89d9h ojodoxoa 9BH9aoHaBHodn '.£HOH9oa 

a n9h gniHa ^og ^OH8Bdpoo8BJ a oiaHgmoHxo on Bagaoirgh aoaod 
-aon XHHKOa <IX00HpO0On0 KBHaBXpd089d OXh *1XBX9WX0 OHXOM 

•KHHBXHff BWBHBJdO 
g8Hllpd088d 0 0IHH8HaBdO OH ^g + I X8KIfaBX000 BWBaodaOH BWHHSOa 
Bffog 0J0H8Bdp008BJ KBHpd089a OXh *0Hff1aa XHHHBff XHHH9ff9aBdn 8H 

•a*V 'Ta 'VO 'VH gHwejCxnnoH 

Haodaon aHHXOa 9HHH9ff&9daon9H 89d9h a KHHBXHff 
HHBJdo 89d9h BffOg 0J0H8Bdp008BJ KBH9irn/:X0On BXOOdOHO BHBhBirga 
KBH<Iir9XB00HX0 BH9H9H0 BITHp XHn9^XHnOB XHd0X0a9H KlZlf *XHra9j£XHn 

-OB BBHKoxooo woHgoaono adn aoxngaHi^eoa gBH8hBH8 xo KoxciBh 
-airXO 9H Ba09hBXaBdn 70 a0XH9HtIB|$e0H KBH9hBH8 BX09SKX g9Hff9d0 

goae^dJBH 0 XBXHHO g *xHn9;£xnnoB awKxooHHgpooo awaaoghajoiroae 
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RETENTION AND DISTRIBUTION OF INORGANIC MERCURY ( 197Hg, 203jjg ) 
IN THE HUMAN BODY AFTER SINGLE INHALATION 

Y. IZUMI, M. FUJITA, A. YABE and T. HATTORI 

Japan Atomic Energy Res.earch Institute, 
Tokai-mura, Ibaraki-ken, Japan 

ABSTRACT- Inorganic mercury (•'•''̂Hg, 203jjg) ,,̂ 3 inhaled by two workers during de
contamination procedures in a hot cell- The retention and distribution of the 
mercury in the body were studied with a whole-body counter. The biological half-
lives in the whole body were about 33 days, which was shorter than those report
ed for organic mercuries. The biological half-lives in the upper abdomen were 
about 50 days. 

Scanning along the body axis and counting at several different points above 
the upper abdomen revealed that the mercury deposited mainly in the kidneys and 
in the liver. The activities of the mercury-203 in the kidneys and in the liver 
were determined using the counting efficiencies obtained from a REMAB phantom. 
The total activities in the kidneys 10 days after inhalation were almost equal 
to those in the liver. The high concentration in the kidneys, about 5 times as 
high as that in the liver, suggested that the kidneys were the critical organ 
for the inhalation of inorganic mercury. 

INTRODUCTION 

A solution of radioactive mercury-197 (2 ml, 100 mCi, Hg(N03)2) was spilled 
in a hot cell and the decontamination was carried out by four workers with full 
face masks and protection clothes. At first, it was thought that no inhalation 
of the radioactive mercury-197 had occurred in the human subjects. However, to 
make sure of it, the subjects were monitored with a whole-body counter on the 
10th day after the decontamination procedures. It was found that two out of the 
four subjects were contaminated with radioactive •'•̂ Ĥg and '̂̂ •̂ Hg. Therefore, to 
assess the radiation doses of the radioactive mercuries to the critical organ, 
the distribution in the body and the effective half-lives of the radioactive 
mercuries were studied with the whole-body counter. 

METHOD 

Subject, contaminant and whole-body counter 

The age, height and weight of the contaminated workers are given in Table 1 
. Their body builds were not so different from that of a typical Japanese. The 
whole-body counter used in this study consisted of a Nal(Tl) crystal of 8 inch (j) 
X 4 inch and a 400 channel pulse height analyser. The monitoring room was 
shielded with 200 mm Fe + 3 mm Pb. •*• The measurements of the radioactivities with 
in the body were carried out by three different geometries, i.e., 1) by standard 
chair geometry, 2) by placing the detector above the upper abdomen of the human 
subject who lay on a bed in a supine position (see Fig. 1) or in a prone posi
tion and fixing the distance from the detector surface to the bed as 22.5 cm and 
3) by scanning along the body axis. In the case of scanning, the detector was 
provided with a collimator having a 5 cm slit, and the distance from the detec
tor to the bed was kept as 42.5 cm. 

Determination of counting efficiencies for Q̂-̂ Hg in the kidneys and liver 
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Table 1. Age, height and weight of the contaminated workers 

Subject Age Height (cm) Weight (kg) 

A 29 160 53 
B 32 169 50 

The counting efficiencies for 203Hg »jere obtained using a REMAB phantom 
(Alderson Research Lab. U.S.A.). The volume of the right kidney of the phantom 
was 90 ml and that of the left was 110 ml and the total volume'was 200 ml. The 
volume of the liver of the phantom was 1300 ml. The average weight of the kid
neys of adults of Japanese is 270 g and that of the liver, 1440 g. Therefore, 
there were some discrepancies in the organ sizes between the phantom and a typ
ical Japanese. 

The vessels for the kidneys and liver of the phantom were filled with a 
standard solution of 203Hg. The solution of 203Hg was prepared as follows. 
Mercury-203 was dissolved in a solution containing HgCl2(2 mg) + KC103(7 mg) per 
ml of 3N HCl. The activity of 203Hg in the solution was 15.84 (j.Ci/ml. One ml of 
this solution was divided into two kidney vessels in proportion to their volumes 
(i.e., right, 0.45 ml, left, 0.55 ml). The radioactive solution was diluted un
til 200 ml for both the vessels with a diluting solution containing NaCl(10 mg) 
+ HgCl2(2 mg) per ml of 0.5N HCl. The vessel for the liver also was filled with 
the same radioactive solution and diluting solution as those for the kidneys. 

On the condition that the Nal(Tl) detector was placed above the central 
part of the upper abdomen and the distance from the detector to the bed was fix
ed as 22.5 cm, the counting efficiencies for the 203Hg in the kidneys and liver 
were determined in the supine and prone positions. They were as follows. 

ll(k)s = 0.013 (cpm/dpm) for 203Hg in the kidneys in the supine position, 
n (k)p = 0.065 (cpm/dpm) for 203Hg in the kidneys in the prone position, 
ri(l)s = 0.054 (cpm/dpm) for 203Hg in the liver in the supine position, 
il(l)p = 0.012 (cpm/dpm) for 203Hg in the liver in the prone position. 

RESULTS 

Determination of effective half-life of mercury in the whole body 

Since it was difficult to determine the counting efficiencies for the radi
oactive mercuries in the whole body, the radioactivities in nCi in the whole 
body were not determined. Only net counting rates in the energy ranges of 77 ± 
43 keV (for 197Hg) and 279+59 keV (for 203Hg) were measured by standard chair 
method from the 10th to 36th day after inhalation. To obtain the net counting 
rates, the contribution of the 40K and 137Cs in the body to the energy ranges of 
19.7Hg and 203Hg was subtracted. Also, the contribution of 203Hg to the counting 
rate in the energy range of 197Hg was subtracted. The contribution was estimated 
to be 0.81 (for subject A) and 0.83 (for subject B) times the counting rates in 
the photopeak of 203Hg. These values were obtained after 29th day postinhalation 
when the l^^Hg had decayed sufficiently. 

The net counting rates of the 197Hg and 203jjg £jj ̂ĵ g whole body as deter
mined by standard chair geometry are plotted against time in Fig.2. The effec
tive half-lives were obtained by the least square method. The effective and bio
logical half-lives of 203Hg are listed in Table 2. 

Distribution of radioactive mercury in the body 

The distribution of radioactive mercuries in the body was estimated by 
scanning along the central body axis with the detector provided with the colli
mator. The energy range used in this scanning was from 34 to 338 keV to include 
the energies of 197Hg and 203Hg. The result of scanning on the 10th day after 
inhalation for subject A is illustrated by a solid line in Fig.3. It was found 
that the radioactive mercuries deposited mainly in the upper abdomen, but some
what in the chest, in the lower abdomen and in the other parts of the body. On 

1385 



Table 2 . E f f e c t i v e and b i o l o g i c a l h a l f - l i v e s of 2'^%g i n t h e bocSy 

E f f e c t i v e h a l f - l i f e i n 
S u b j e c t whole body upper abdomen 

(day) (day) 

B i o l o g i c a l h a l f - l i f e i n 
whole body upper abdomen 

(day) (day) 

A 
B 

19 
20 

23 
2k 

32 
35 

k^ 
1+9 

F i g . l . Relative position of detec
tor and the kidneys and l ive r . 

20 30 

Days after intal<e 

Fig. 2. Retention of ^̂ '̂ Hg and ^03 
whole body after single intake 
t ive ha l f - l i f e ) 

Hg in the 
(Te : effec-

the assumption that the counting efficiencies were the same for any points along 
the body axis, it was calculated that about 60 per cent of the mercuries in the 
total body deposited in the upper abdomen. To know the organ in which the radio
active mercuries in the upper abdomen mainly deposited, the position of the 
detector (without collimator) was moved above the upper abdomen from the right 
to the left perpendicularly to the body axis at 10 cm intervals in the supine 
position (see Fig.l). The counting rates at each position decreased in the fol
lowing order; center 10 cm right > 10 cm left > 20 cm right > 20 cm left. 
This result supported that the mercuries deposited mainly in the kidneys and 
liver. 

Determination of effective half-life of mercury in the upper abdomen 

The human subjects lay on the bed in a supine position and the distance 
between the Nal(Tl) detector and the bed was fixed as 22.5 cm as usual. The de
tector was placed above the center of the upper abdomen (see Fig.l). On these 
conditions, the mercuries deposited in the upper abdomen would be detected with
out much error, because the mercuries in the other parts of the body were rela
tively small in quantity as shown in the above paragraph for distribution. 

Here, again, the net counting rates of the •'•̂ Ĥg and 203Hg were obtained by 
the same procedures that taken for the mercuries in the whole body. And, the 
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Fig.3. Profile curves from human subject 
and phantom. 
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20 

Fig.4. Retention of Hg and 203 Hg 
in the upper abdomen. 

contribution of the 203ĵ g ^^ ^^^ counting rates in the energy range of ^^^Hg 
were 0.72 (for subject A) and 0.68 (for subject B) times the counting rates in 
the 203Hg photopeak. 

The change with time of the net counting rates of the 197Hg and 203Hg in 
the upper abdomen is shown in Fig.4. The effective and biological half-lives of 
203Hg are listed in Table 2, showing that the half-lives in the upper abdomen 
were longer than those in the whole body. 

Determination of the radioactivities of 203Hg i^ the kidneys and liver 

It was possible to determine the radioactivities of 203Hg in the kidneys 
and in the liver from the measurements of the human subject lying on the bed in 
the prone and supine positions. 

If no mercury is involved in the body except for the kidneys and liver, the 
counting rates in the prone position, P(cpm), and those in the supine position, 
S(cpm), are given by the following formulas, 

P = C E { n (k)p K + n (Dp L } 
S = C E { n (k)s K + n (l)s L } 

2.22 10^ (dpra/nCi), 
0.83, emittion rate of y-rays of 279 keV per disintegration of 203j. 
organ burden in (j.Ci of 203Hg in the kidneys, and 
organ burden in (iCi of 203Hg in the liver. 

As described already, on the condition that the distance from the detector to 
the bed was fixed as 22.5 cm, 

Tl (k)g : 0.065 and 0.013 (cpm/dpm), respectively, and 
0.012 and 0.054 (cpm/dpm), respectively. 

where C 
E 
K 
L 

^Hg, 

n(k)p and 
n (l)p and 

1 
CE 

T1(l)s : 
From the above formulas, 

L (nCi) 

^ ^^'^^^ "" 0.0135 CE 
Therefore, it was possible to evaluate the activities in the kidneys and in the 
liver from the counting rates in the prone and supine positions. The activities 
m these organs on the 10th day and 50th day after inhalation were calculated 

(19.6 S - 4.08 P) 

3.96 L 
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from the counting rates on those days. The results are given in Table 3. The 
table shows that on the 10th day the ratio of the activities in the kidneys to 
those in the liver was about 1 : 1 in both the subjects. If the subjects had 
the kidneys of 270 g and the liver of 1440 g like a typical Japanese, the con
centration of 203Hg in the kidneys must be about 5 times as high as that in the 
liver on that date, suggesting that the kidneys were the critical organ for the 
inhalation of inorganic mercuries. 

Table 3. Radioactivity of 203Hg in the kidneys and liver on the 
10th and 50th day after inhalation 

Subject Organ 
Activity ([j.Gi) 

on day 
10th 50th 

Ratio of activities 
(kidney/liver) on day 
10th 50th 

A 

B 

kidney 
liver 
kidney 
liver 

0 .079 
0 .082 
O.Oî .5 
O.OJ4.5 

0 .028 
0.02ij-
0 .018 
0 .013 

0 .97 

1.00 

1.17 

1.31^ 

DISCUSSION 

Bio log ica l h a l f - l i f e 

Table 4 summarizes the e f f e c t i v e and b i o l o g i c a l h a l f - l i v e s of 203yg r e p o r t 
ed by s eve ra l workers for the whole body. 3-7 These data suggest t ha t the b i o 
l o g i c a l h a l f - l i v e s of inorganic mercur ies are sho r t e r than those of organic ones 
, and the r e t e n t i o n func t ion of mercury should be expressed by t h r ee components. 

T a b l e I|.. C o m p a r i s o n of e f f e c t i v e and b i o l o g i c a l h a l f - l i v e s i n t h e 
w h o l e b o d y . ( F i g u r e s i n p a r e n t h e s e s show b i o l o g i c a l h a l f - l i v e s ) 

Chemical 
form of Hg 

inorganic 

inorganic 

203Hg-methyl 
mercury 

203Hg-
neohydrin 

203Hg-
neohydrin 

monomethyl 
203Hg nitrate 

Route 
of 

entry 

inha
lation 
oral 

oral 

oral 

oral 

oral 

Effective 
fast 

component 
(day) 

_ 

_ 

-

0.22 
(0.22) 
-

and biological half-life 
intermediate 
component 

(day) 

_ 

" 

— 

-

7 
(8.2) 

-

8.2 
(10) 

i slow 
component 

(day) 

20, 19 
[3^) (32) 

22 
(i4-2±3) 

29 
(76±3) 
30 
(81̂ ) 
-

28, 27 
(71) (66) 

Author 

this 
study 
Rahola 
et al, 

Rahola 
et al. 
Johnson 
et al. 
Greenlaw 
et al. 
Palk 
et al. 

ICRP'̂  

The present study showed that the mercuries in the upper abdomen have long
er hal f - l ives than those in the whole body. This is consistent with the finding 
by Falk et a l . that the monomethyl-203Hg n i t r a t e deposited in the liver region 
dereased more slowly than those in the other regions of the body. 

Distribution 

Falk et a l . have studied the dis t r ibut ion of the monomethyl-^^-^Hg n i t r a t e 
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in the body by scanning along the body axis. Their profile curves of the net 
counts are very similar to ours (Fig.3) as a whole. Their conclusion was that 
the mercury mainly accumulated in the liver region and somewhat in the cerebel
lum region. Our observation could not reveal special accumulation in the cere
bellum, but this may be attributed to the poor resolution of the detector used 
in this study and/or to the difference of the chemical form of the mercury ab
sorbed. The present study suggests that the kidneys are the most important or
gan where mercury deposits in the highest concentration. Falk et al. did not 
refer to the deposition in the kidneys. 

Assessment of dose commitment due to the radioactive mercuries in the kidneys 

Unfortunately, in this study the retention function of the ^^^Hg in the 
kidneys could not be accurately estimated, for the measurements of the 203Hg 
started on the 10th day after inhalation, and the fast and intermediate compo
nents of the retention were missed. However, it was probable that the dose com
mitment to the kidneys due to the fast and intermediate components would not be 
greater than that due to the slow component, as was estimated by Johnson et al. 
for the dose commitment to the whole body. 

The dose commitment to the kidneys delivered by the slow component of the 
retention of 203jjg ^QJ-Q estimated as 104 and 57 mrem for subject A and B, re
spectively, and those to the liver, 21 and 12 mrem, respectively, on the assump
tion that the slow component of the retention of 203ng i^ ^^e kidneys and in the 
liver had the same effective half-lives as those observed for the upper abdomen. 

Since the radioactivity of 197Hg in the body was not determined, the calcu
lation of the dose commitment due to the •'•̂ Ĥg was impossible, but the dose com
mitment to the kidneys and liver were perhaps the same order of magnitude as 
those due to the 203Hg, inferring from the effective energies, the counting 
rates and their effective half-lives in the upper abdomen (see Fig.4). Anyway, 
the sum of the dose commitment due to the 197Hg and 203Hg were far less than 8 
rem, the ICRP permissible dose for 3 months.8 

Error in the determination of radioactivities in the kidneys and liver 

Some error may be introduced in the estimation of the radioactivities of 
203Hg in the kidneys and liver, because the estimation was made on the incorrect 
assumption that no radioactive mercury was involved in the organs and tissues 
other than the kidneys and liver. However, as the deposition in the organs and 
tissues other than the kidneys and liver was not large as shown in Fig.3, the 
error would not be serious. 
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Abstract 

One worker incidentally inhaled submicron particles of thulium-170 oxide. 
Data obtained by m-vivo counting and bioassay over about 450 days after inhala
tion fitted to a sum of three exponential terms having effective half-lives of 
about 3, 23 and 90 days, respectively, though the half-life of 3 days was not 
distinctly determined. Attempts were made to expiess the daily fecal and urinary 
excretion by power function and to relate the excretion with the decrease of the 
chest burden. In addition,the distribution and transfer of thulium in the body 
were discussed. 

1. Introduction 

An incident occurred m the course of the sealing of thulium-170 sources 
for non destructive test in a hot laboratory at Oarai Laboratory, Japan Atomic 
Energy Research Institute (JAERI). The process of the sealing which involved 
the mounting of a neutron activated thulium oxide pellet (about 50 Ci of 170xm) 
in a titanium metal capsule (6 mm <f> x 11 mm) and subsequent arc welding (3,000°C, 
in argon gas), was carried out in a hot cell by one worker. Following the weld
ing process,the worker stepped m the cell and stayed there for about 5 minutes 
so as to carry out the sources from the cell. Leaving the cell he made a con
tamination check and found his hands and clothing contaminated in some measure. 
Then, he felt a doubt whether he had inhaled air born particles of the thulium 
oxide. Any air monitor was not running throughout the time of the work because 
it was early in the morning. 

Unfortunately, four days later the worker was sent to Tokai Laboratory, 
JAERI, where a whole-body counter was installed. By the first measurement it 
was found that an appreciable amount of 170Tm was deposited m his chest. 
Though the exposure was not itself very serious, to obtain as much information 
as possible the determination of 170xm by in-vivo counting and bioassay was 
followed until the levels of the activity were very low. 

2. Methods 

2. 1. In-vivo counting 
Measurement was made to determine the deposition of 170Tm in the chest of 

the contaminated subject with a whole-body counter.1 The other series of measure
ments with this counter were carried out to know the distribution of 170Tm in 
the body. The whole-body counter consisted of a 8 in. <f) x 4 m . Nal(Tl) de
tector in a cubical steel room, a multichannel analyzer and associated elec
tronics. 
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In chest counting, the 8 m . 9 x 4 in. Nal(Tl) detector was placed above 
the chest at the distance of 22 cm from the bed on which the subject was lying 
on the back. In this case, the xyphoid sternum was adjusted to an edge of the 
crystal. Occasionally the position of the subject on bed was replaced with a 
prone position, to obtain the distribution of 170Tm m the chest. 

In profile counting, the crystal provided with a 5 cm thick lead collimator 
having a 5 cm slit, was moved manually along the body axis to four fixed posi
tions, that is, above the head, chest, lower abdomen and the thigh, keeping the 
distance from the crystal to the bed at 42 cm. 

All measurements were carried out, using the energy band from 25 to 90 keV 
which contains the X- and gamma-ray lines of I'̂ '̂ Tm (52, 84 keV).2,3,4 

In order to obtaj.n the counting efficiency, calibrating measurement with a 
RANDO phantom (Alderson Research Lab., USA) was made using 149 170Tm sources in 
small polyethylene capsules, the total activity of which was 0.40 [iCi. These 
capsules were inserted m hole grids within the lungs of the phantom. The 
arrangement of capsules simulated the uniform distribution of the contaminant 
m lungs. Therefore, it might differ from the truth and some systematic error 
might exist. 

The lung size of the subject was evaluated by means of radiograph tech
niques, and the effective tissue thickness of the subject's chest wall was 
estimated according to the method which was described m detail else where.•5;° 
As the result, both data of the subject were somewhat larger than those of the 
phantom, and it was concluded that the counting efficiencies observed on the 
phantom required 10 per cent corrections. 

2. 2. Bioassay 
After the detection of 170xm with the m-vivo counter, the subject was 

asked to collect the samples of urine and feces. Consequently, the sampling 
program was not started until 4 days after the inhalation. Both programs of the 
urine and fecal sampling were initiated on the 24-h sampling basis but afterward 
changed on the 2 or 4 consecutive day sampling basis. These procedures of sampl
ing were continued until 134 days. After a long interval, additional samples 
of urine and feces were obtained for three days from 445 to 447 days. 

The thulium-170 contents of the samples were determined by beta counting, 
for which a gas flow proportional counter was used. The counter had a detection 
limit of about 3 pC^. For the counting the simplest procedure was adopted as 
follows. In urine samples the radioactive thulium was coprecipitated with basic 
calcium phosphate after adding a thulium carrier. The resulting precipetates 
were dried, powdered and prepared for counting. Feces was ashed m a furnace 
before counting. 

3. Results 

3. 1. Retention m the chest and distribution in the whole-body 
Measurement for 170Tm in the chest of the subject with a whole-body count

er was carried out over the period from 4 to 447 days after the inhalation. 
The results of twenty-four measurements are plotted m Fig. 1(a). A least 
squares best fit analysis by a computer was tried on the plots to fit the data 
to a sum of exponentials. A good fit to a sum of two exponentials was obtained 
as shown in Fig. 1(a) with effective half-lives of 23 ± 4 days and 90 ± 11 
days. 

Location of l^Oxm in the whole-body was roughly measured with a whole-body 
counter by means of the manual scan technique described above. The counting 
was carried out 9, 73 and 126 days after inhalation. Since it was difficult to 
determine the activity in the four different parts of the body, i.e., the head, 
chest, lower abdomen and the thigh, the deposition of l^OTm in those parts of 
the body was expressed in terms of counting rate. The counting done on the 3 
different days showed that the deposition in the chest predominated over the 
rest of the body, but the tendency of the decrease of the counting rates at the 
four different parts of the body suggested the redistribution m the body at the 
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F i g . 1 . Reten t ion (a) and D i s t r i b u t i o n (b) of thulium-170 m c h e s t . 

late stage of contamination (126 days). 

3. 2. Distribution m the chest 
To get an idea of detailed distribution of 170xm m the chest, the subject 

was measured both m a prone and in a supine positions by a fixed crystal-bed 
geometry. Twelve measurements were made over the period from 4 to 232 days 
after inhalation. The ratios of prone counts to supine counts were calculated. 
In Fig. 1(b) the ratios are plotted against time. A fitted-curve is shown by 
a solid line. 

In a geometry similar to that taken for the human subject the phantom was 
measured in a prone and supine positions two times each; one, with l70Tm sources 
in the lungs, and the other, with the sources m the lower air-passages below 
the throat. In the latter, the thulium-170 sources were simulated to the depo
sition m the trachea and the bronchia. The ratios of the counting in both po
sitions were 0.87 and 0.78 for the sources in the lungs and in the lower air-
passages, respectively, as shown in Fig. 1(b) by a broken line and by a dotted 
line. The ratios obtained from the phantom were lower than any ratios of the 
subject, which were between 1.0 and 1.1, except for 0.84 at the first measure
ment. The ratio for 170xm in the lungs (0.87) was higher than that for 170Xm 
in the lower air-passages (0.78). 

From these results, it is presumed that the minimum ratio of the subject 
at the first measurement (0.84) might indicate the initial deposition of 170xm 
m the tracheo-bronchial parts of the air-passages. The rather high ratio of 
the subject over a period of observation as compared with that of the phantom 
seemed to be explained by 1) the difference of geometry due to the size of the 
body and due to inhomogeneous deposition m the chest and by 2) the difference 
of the absorption and scattering of the photons through the media, i.e. the 
lungs, adjacent organs, surrounding soft tissue, rib cage, etc.7 

3. 3. Urinary, fecal and total excretion 
Forty-seven 24-h urine samples were subjected to analysis until 134 days 

after inhalation. The results obtained through beta counting are shown m Fig. 
2(a) where the urinary excretion rates in (iCi/d are plotted semi-logarithmically 
against time in days after inhalation with the maximum value of 1.6 nCi/d. 
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Fig.2. Excretion data of thulium-170, plotted 
semi-logarithmically (a) and logarithmically (b) . 

In this figure thirty plots from 47 measurements were taken to illustrate the 
excretion. With the aid of creatinine determination the samples with insuffi
cient contents were excluded from the plots. A least squares best fit to a sum 
of two exponentials was obtained as shown in Fig. 2(a) with effective half-lives 
of 2.7 ± 1.4 days and 68 ± 21 days. 

In order to see the long-term trend of urinary excretion, the data of the 
sample taken during the period from 445 to 447 days added to the graph of uri
nary excretion rates on a log-log scale. This is shown in Fig. 2(b). The plots 
in this figure are shown along with a curve which is arbitarily drawn to show 
the long-term pattern. This pattern of urinary excretion was similar to those 
calculated from the radionuclide in the lungs, when the biological half-lives in 
the lungs were 30 and 300 days (these correspond to effective half-lives of 23 
and 90 days shown m Fig. 1(a), respectively) and the exponent of the power func
tion of urinary excretion was assumed to be -1.0 a. -1.7. This calculation method 
IS shown in the ICRP Publication 10A.8 

During the 134 days of observation, there were 49 fecal samples m total. 
Over the period from 4 to S5 days all outputs of feces except one were collected. 
The results of determination are presented semi-logarithmically in Fig. 2(a) 
with the maximum value of 43 nCi/d. A good fit to a sum of two exponentials was 
again obtained with the effective half-lives of 1.1 ± 0.3 days and 25 ± 3.5 

days. 
The total activity of 170xm excreted daily in feces and urine was obtained 

by combining the fecal and urinary data. In this case the daily feces and the 
total of a single output collected on the same day as 24-h urine samples, were 
combined together. Here again a good fit to a sum of two exponentials was ob
tained. The exponentials had half-lives of about 5.4 days and about 31 days, 
respectively. Since there was no data for the time earlier than 7 days after 
inhalation, the estimated half-life for the rapid component of excretion (5.4 
days) might have some ambiguity. 

The daily excretion of 170Xm in feces collected from 4 to 134 days after 
inhalation was consistently higher than that m urine collected for the same 
period. The ratio of urinary to total excretion changed from 0.06 to 0.3 during 
the above observation period. Whether this ratio changed with time was tested by 

10"* I !—I 1 > 1 1 ' > 
0 20 40 eO so 100 120 140 
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regiession analysis. The coefficient of correlation obtained was 0.86 and this 
correlatio.i was significant at the 1 per cent level (linear correlation was sup
posed until 134 days). 

4. Discussion 

4. 1. Half-lives 
It may be interesting to compare the three sets of effective half-lives ob

tained from the data of urine, feces and chest. The shortest half-life appeared 
in the short-term component of fecal excretion (about 1.1 days). On the other 
hand, the longest half-life appeared in the long-term component of chest clear
ance (about 90 days) and the intermediate half-lives of similar length, in chest 
and feces (about 23 days and 25 days each). Therefore, the behavier of 170Xm 
inhaled in the body as the oxide was presumed as follows. 

(1) Withm the first ten days there was a very rapid clearance, though, un
fortunately, no data supporting this were obtained on the deposition and excre
tion for the first 4 days. The major part of deposition in the naso-pharyngeal 
region and in the ciliated area of the tracheo-bronchial region was excreted in 
feces via the gastro-mtestmal tract and the minor part of the deposition was 
excreted in urine with a biological half-life of less than 3 days after being 
absorbed into the blood. 

(2) In the next period of about 4 months, there was a rapid decrease with a 
biological half-life of about 30 days. During this period, the fecal excretion 
involved 1) the material initially deposited m the pulmonary region, subsequent
ly moved up the bronchial tree and swallowed, though a certain quantity of the 
material was removed through the very rapid clearance phase above mentioned, and 
2) the material initially deposited in the pulmonary region, absorbed in blood 
and afterward excreted via bile and others. Ihese exogenous and endogenous com
ponent of excretion could not be separated by measurements. 

(3) In the third period, the deposion m the chest decreased exponentially 
with effective half-lives of 90 ± n days which corresponded to the biological half-
lives of 140 to 450 days with a mean of about 300 days. The activity detected 
in the chest would be mainly due to the non-transportable 170Xm deposited in the 
lungs though the measurements by chest counting included the radionuclide m the 
lungs, lymph nodes and chest wall. In addition, as df>scribed m the results, 
the urinary excretion data (Fig. 2(b)) were explained by the two components which 
had about 23 and 90 days half-lives which were the same as those in the chest. 

In short, in this case study we assumed that the retention of 170xm m the 
chest fitted a sum of three exponential terms having effective half-lives of 
about 3, 23 and 90 days, respectively, though the half-life of 3 days was not 
distinctly determined. On these assumptions, it was estimated that at least 
1.5 (iCi of i70Xm were initially deposited in the lungs of the subject. 

4. 2. Distribution 
The nature of the work caused the inhalation and the subsequent study con

cerning the aerosols strongly supported that the inhaled material was thulium-
170 sesquioxide (170Xm2O3) which was insoluble in water. Since it was impossible 
to make observation on the material inhaled, particle size investigation was 
carried out on the other thulium oxide pellet in which thulium-170 was previous
ly formed by neutron activation. Thulium aerosol produced on the various condi
tions was measured with an electron microscope and a cascade impactor. Repeated 
measurements on the aerosols showed that the activity median aerodynamic dia
meter (AMAD) of this particle size distribution changed with the duration time 
of arc welding and with time after welding, and fluctuated between 0.01 (j.m with 
a geometric standard deviation, ĝ  of 5 and 0.5 (j.m with Q- of 1.4. Although 
there was no evidence that this was the case in the incident, we estimated that 
submicron particles were inhaled m the incident. 

Using the compartment model proposed by the Lung Dynamics Task Group,9 the 
depositions of thulium-170 in the lungs of the subject were evaluated, as a 
class Y compound. The percentage depositions obtained were about 17o for the 

1394 



naso-pharynx region (N-P), about 87o for the tracheo-bronchial region (T-B) and 
about 60% for the pulmonary region (P). Xhe dominant deposition in the pulmona
ry region predicted the presence of the long-term component of the retention in 
the chest as seen m Fig. 1(a). Moreover, the characteristics of the non-trans
portable submicron particle might be responsible for the rapid excretion at ear
ly stage and the subsequent slow excretion in urine as m Fig. 2(a). 

Human exposure to thulium-170 oxide has been reported in literature. Eakins 
and Morgan,10 and Strambi and Testall investigated different inhalation cases 
and studied excretion patterns, but no thulium-170 could be detected in urine. 

Thomas and Kingsleyl2 studied inhalation of 171xm203 m beagle dogs and re
ported that 637o of the sacrificed body burden was in the skeleton, 187o, m the 
lungs and 117o, in the liver 128 days post exposure. However, on our observa
tions, the depositions in the skull and in the femur were not clarified though 
the possibility remained. 

4. 3. Urinary and fecal excretion in relation to chest retention 
The urinary, fecal and total excretion rates of 170xm in nCi/d observed 

during the period from 7 to 126 days after inhalation were plotted against time 
in days after inhalation, on log-log paper, after being corrected for radioac
tive decay. Each set of values could be described by a power function, y=At-B, 
where y is the activity excieted per day in iiCi/d, t, time in days and A and B, 
constants. The values of A and B were 0.002, 0.058, 0.085 (tiCi/d) and 0.25, 0.65, 
0.71 for urinary, fecal and total excretion, respective]y. 

Integration of these power functions from t = 7 to 126 days gave the total 
amounts of urine, feces and total excreta during the period. They were 0.1, 
0.57, 0.69 M-Ci, respectively. On the other hand, according to the direct chest 
counting, about 0.75 [iCi were lost through biological routes from the chest re
gion during the period from 7 to 126 days after inhalation. Although it was im
possible to take into account the rapidly decreased component of the excretion 
which might appear for the first 10 days, this value, 0.75 |iCi, agreed fairly 
well with the total amount (0.69 nCi) excreted during the same period. This 
attempt was also made on the exponential expression of the same data, and the 
similar result obtained. 
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Abstract 

The absorption of lanthanides from the gastro-Intestinal tract is known 
to be extremely low in adult mammals. Our previous studies as well as some 
recent publications revealed that the absorption of various heavy metal ions, 
including lanthanides, from the G.I. tract is relatively high during the early 
stages of life in mice and rats, and decreases gradually during the suckling 
period. We investigated specifically and quantitatively the variations with 
age of the absorption of cerium from the G.I. tract in young mice during their 
suckling period. 

Post partum albino mice were injected Intraperitoneally with 144 Ce 
citrate at different times during the lactation period. Twenty four hours after 
the injection to the mothers, the suckling litters were sacrificed and the 144 Ce 
content in their digestive tract, liver and carcass determined by gamma counting. 
The internal deposition, via gastrointestinal transfer as determined from the 
ratio between the 144 Ce activities found in the liver and carcass to that 
ingested with the milk during 24 hours of suckling, was about 4.5% during the 
first 24 hours of life and about 2% for the whole suckling period. These values, 
obtained under normal physiological conditions, are about two orders of magnitude 
above the currently accepted values for gastrointestinal absorption of 
lanthanides in adult mice,and confirm previous findings regarding the age dep
endence of the gastro-intestinal absorption of heavy metal ions during the early 
period of life. Various suggestions put forward to explain these findings are 
discussed. The assumption that the discriminatory properties of the G.I. tract 
in mammals are not fully developed at birth seems consistent with all recent 
experimental findings. 

Introduction 

In spite of the non-metabolic role of the rare earths, small but 
significant fractions of lanthanides are absorbed from the gastrointestinal 
tract of very young mammals. 

We investigated specifically and quantitatively variations in the 
absorption of cerium from the gastrointestinal tract of suckling mice, under 
normal physiological conditions-^, and confirmed earlier findings that the 
absorption of I'̂ Ĉe during the suckling period is age dependent and much higher 
than in the adult mouse 2-6_ 

The relatively high fraction of lanthanides transferred from the 
gastrointestinal tract into the blood stream in the very young may have some 
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practical consequences. The Maximum Permissible Intake values generally used 
are based on experiments with adult mammals whose absorption of lanthanides 
is extremely low. These values, though safe and acceptable for adult humans, 
could cause unacceptably high internal exposures when fed to infants. 

Methods 

Gravid albino mice were divided into seven experimental groups of four. 
Every mouse received an intraperitoneal injection of 5 yCi/0.2 ml. •'-̂ Ĉê  
citrate during the lactation period. The seven groups were injected at 
different times: 3 hours after delivery, and the 2nd, 4th, 7th, 10th, 12th and 
the 15th day after delivery. By the 16th day the litters already consume a 
significant amount of solid food in addition to milk. 

Twenty-four hours and 28 days after dose administration to the dams 4 
neonates of each litter were sacrificed and radioassays performed on the 
digestive tract, liver and the remaining carcass. The first day was chosen 
on the assumption that during this short time there would be no excretion by the 
young of the contaminant ingested through the milk. 

Measurements were carried out in a 3" well-type Nal crystal, connected 
to a single channel analyzer. For calibration of the counting system 5xlO~^pCi 
of l̂ Ĉe diluted in 10 ml of water was used as a standard. The counting 
efficiency at 133 keV was about 1%. 

Results 

The transfer and internal deposition of •'-'̂ Ĉe in neonates of various ages 
after suckling for 24 hours from contaminated mothers is presented in Table I. 
Earlier experiments 2,3 showed that the content of the carcass could be taken 
as representing the retention of the skeleton. Ce transfer via milk during 
the first 24 h was practically equal to the activity determined in the G.I. 
tract while the internal deposition due to gastrointestinal transfer was 
calculated as the ratio between the combined •'•̂ Ĉe activities found in the 
liver and carcass to that ingested during the first 24 hours. 

The transfer of cerium through the intestinal wall decreases from 4.4% 
at birth to less than 1% at weaning. From the transfer ratios one finds that 
about 2.3% of the G.I. tract content is internally deposited during the entire 
lactation period, which corresponds to about 4.5 x 10""5 of the l̂ Ĉe injected 
to the dam. The total fraction of contaminant transferred from the mother to 
her suckling offspring during lactation is so low that no radiation hazard to 
the breast fed infant is involved, provided lactating mothers consume food 
contaminated with radioactive lanthanides not exceeding the currently accepted 
Maximum Permissible Intake values. 

The last column of Table I shows the retention of ̂ ^Ce in the neonates 
that were allowed to suckle freely, 28 days after the dose was administered to 
the mother. The internal contamination of neonates is higher the earlier the 
injection of the dam occurred, mainly because of the longer suckling period. 

Discussion 

Many factors such as dietary characteristics (solid or liquid) and the 
chemical state (unbound or chelated) of the food, as well as the degree of 
peristaltic motion of the intestine are known to affect the absorption of heavy 
metal ions from the G.I. tract. Shiraishi and Ichikawa suggested that pin-
ocytosis could be the main transfer mechanism of dissolved cerium ions in 
suckling mammals . This mechanism requires the operation of chelation or poly
merization processes which form aggregates or large colloids. Only in such 
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form could cerium ions be transported across the membrane of the G.I. tract by 
pinocytosis. This hypothesis,however,seems to conflict with the conclusions of 
Inaba and Lengcmann who showed that cerium remained in the epithelial cells of 
the ville of the G.I. tract until eliminated by the process of sloughing 6. 
Clearly the role of pinocytosis as a route of transfer cannot be regarded as 
proven so far. Their suggestion that the ileum might be regarded as a possible 
site of entry due to the previous accumulation of cerium within the epithelial 
cells " is also not convincing. Limiting ourselves to measuring the transfer 
for 24 hrs suckle only, any accumulation factor is obviously eliminated without 
a significant reduction on the transfer of cerium into the neonates as compared 
to our earlier experiments . 

Factors other than the formation of colloid or macromolecules may influ
ence the absorption of polyvalent ions from the intestine. Some data indicate 
that the association with milk facilitates the absorption of calcium and stron
tium from the G.I. tract ^"^. Taylor suggested that the high absorption of ra
dionuclides in very young animals may be caused by the inhibitioii„of an exis
ting block by lactose or other factors present in the milk diet . If this 
interpretation were correct one miglit expect a positive corelation between the 
amount of milk ingested and the fractional absorption from the G.I. tract. 
Although milk production increases steadily during the first week of lactation, 
the fractional absorption of cerium, (as shown in Table I) decreases continu
ously from the day of birth. The enhanced absorption of lanthanides from the 
G.I. tract in the very young cannot therefore be accounted for by the "milk 
effect" alone according to our experiments. 

Plutonium and actinides resemble lanthanides in their extremely low absorp
tion from the G.I. tract in adult mammals. Studies on the intestinal absorption 
of ingested Pu also showed an increased absorption in the very young and a gra
dual decrease in the G.I. transfer with age 11-14_ However, it was demonstrated 
by Finkell3 that milk was not the main factor contributing to the enhanced 
absorption of Pu from the G.I. tract of suckling rats. 

The mechanism responsible for the discrimination of the G.I. tract against 
heavy metal ions is thus not well understood and needs further study. It seems 
to take some time for an active transport mechanism favoring calcium ion absorp
tion on the one hand,and the establishment of an effective exclusion mechanism 
against metabolically useless metal ions on the other,to develop after birth. 
This selective barrier becomes fully operative only after weaning, when the 
diet becomes varied and the need for a discriminatory mechanism arises. 
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TABLE I. Transfer and Internal Deposition of 
in Mouse Neonates at Various Ages 

144 
Cerium 

Age of neonate 
at I'̂ Ĉe injection 
to dam (days) 

0 

2 

4 

7 

10 

12 

16 

After first 24 hr of suckling 

Transfer via 
milk = -body 
burden '̂ ^ 

8.0 - 0.3 

0.8 - 0.3 

10.8 ± 0.4 

11.7 ̂  0.5 

12.8 ± 0.5 

13.9 ̂  0.5 

3.8 ± 0.3 

Internal 
deposition "̂̂  

(%) 

4.4 

3.3 

2.5 

1.9 

1.7 

1.5 

< 0.6 

28 days later 

Body burden f̂^̂  

9.6 

9.0 

7.0 

3.4 

2.1 

0.8 

0.6 

(a) lO^x 

(b) 100 x 

Body burden of offspring"! 
Dose injected to dams J 

ss + liver 1 
•̂  carcass + liver J 

carcasj 
G.I. tract 
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A HUMAN METABOLIC MODEL FOR I'^C-LABELLED METABOLITES 

USEFUL IN DOSE ESTIMATION* 

S. R. Bernard 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee, USA 

Abstract 

An average individual (70-kg man) takes in some 350 g of carbon per day, and his 
total body content of carbon is about 14 kg. Assuming uptake to blood is essentially com
plete, this corresponds to a biological hal f- t ime (Tĵ ) of 28 days. Metabol ic models used in 
ICRP Publication 10 al low only for T|j — 12 days for glycine and of less than 1 day for COo. 
To be in agreement wi th the stable carbon data, one or more terms of longer ha l f - l i fe are 
needed. Such a model is defined in this paper and is more conservative than that for glycine 
in ICRP Publication 10 by about a factor of 3. Data of D. L. Buchanan on uptake of ^'^C02 
in mice indicate that the equil ibr ium level approached 10" times the specific ac t iv i ty of 
14(202 in air , suggesting uptake of about 1% to blood wi th further d i lut ion by dietary stable 
carbon of ~ 0 . 0 l . G . V. LeRoy et o L have determined the retention of C O ^ in man during 
the first day, but need for a compartment of long biological ha l f - l i fe is indicated here also. 
When these compartments are included in the models given in ICRP Publication 2 and ICRP 
Publication 10, i t is found that the former model overestimates dose to the total body by a 
factor of ~ 30, whi le the latter underestimates i t by a factor indicated to be at least 16 and 
which might be as high as ~ 100. 

Introduction 

The purpose of this report is to present a mathematical model for ' C metabolism which 
can be used in health physics for estimating radiation dose to man from intake of ' C. This 
model is needed for an adequate estimation of radiation dose received by research workers or 
others who work wi th ' C- label led compounds and incidental ly or accidental ly take C into 
their bodies. In this paper, experimental data provided by others w i l l be used and interpreted 
wi th a mathematical model. 

Experimental Data 

D. L. Buchanan obtained data from a study of CO2 inhalation by mice in stable CO2 
levels ranging from 0.03% to ~ 5% CO2 in air. He let the mice inhale ^ CO2 for as long as 
40 days, and then he studied the retention out to 50 days after the end of exposure. By serial 
sacri f ice, both during exposure and fol lowing the cessation of inhalation exposure, he took 
many tissues (but not bone) and plotted the results expressed as the ratio of specific act iv i t ies 

Research sponsored by the U. S. Atomic Energy Commission under contract w i th Union 
Carbide Corporation. 
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in tissues to the specific ac t iv i ty of air. He cal led this the air carbon fract ion, and from his 
graphs, the value increased from zero at time zero up t o ~ l O at 40 days or so. Thus, the 
equil ibr ium level of the specific act iv i ty was only 0 .01% of the corresponding level in the 
a i r breathed by the mice. 

2 
Other data are avai lable also, e.g. , the paper by Skipper which deals with the trap

ping of ' ^C in bone fol lowing inject ion into blood of ' C - l a b e l l e d N a „ C O q . Here the bone 
was seen to retain a small fraction for a long t ime, but there seemed to Be no chronic accu
mulation of C in bone. 

Data are avai lable from another experiment of Buchanan involving continuous feeding 
of a C- label led diet of sucrose and yeast for a period of 40 to 50 days and serial sacrifice 
of mice and rats from which tissues were obtained. These data show the ratios of labelled to 
unlabelled C in tissues and foods applied and equil ibr ium set in at ~ 40 days after intake 
began. 

4 
ICRP Publication 2 refers to data of Nardi for its Tĵ  value of 10 days for total body. 

A T^ value for bone based on studies on mice and a value for fat are given in Publication 2 
also. Note that a l l of these were obtained on small animals (mice and rats). 

Metabol ic Model for "̂̂ C 

Denote by R(t) the fractional retention of dietary C in the body at time t after 
uptake of a unit amount into the bloodstream. Let E(t) denote the cumulative excretion 
(via al l paths), and we write 

E(t) = 1 - R ( t ) . (1) 

I t is assumed that 

R(0) = 1 and R(") = 0, 

that is, the l i fe span of man is considered to be long enough so that retention at 50 to 70 
years -» 0. The mean residence time (MRT) in the body is 

dR(t) 

(2) 

-ftl^dt 
•̂ 0 dt 

= -tR(t) IQ + JoR(t)dt 

= 0 + f RWdt. 
5 Thus i t has been proved (and this was also noted by Bergner and probably others) that the 

integral of the retention function over al l time is the mean of the probabil i ty distribution of 
residence times for an atom to be released from the body after the in i t ia l introduction of one 
atom at time zero. Now, one addit ional expression is needed to prove the MRT is given by 
the ratio of the body burden, q(t), to the dai ly uptake into blood. Snyder noted that for 
chronic intake w i th f i l d r units of the isotope entering the body in dr units of t ime, the 
retention at a time t is given by, T S t, 
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q(t) = jQ f ^ IdTR( t -T ) . (3) 

By changing the variables, i .e., by lett ing t - r = T and dT = - d r , then (3) becomes 

q(t) = j Q f ^ I d T R ( t - T ) = f ^ l J ' \ ( T ) d T . (4) 

Rearranging the equation, one obtains 

4 ^ = J"R(T) dT = MRT. (5) 

^ l ' 0 

Appl icat ion of the Model 

In applying the model to man, i t is assumed that body carbon is 14 kg and the diet 

contains 350 g/day of carbon such that 

which corresponds to a biological ha l f - l i f e of 0.693 x 40 — 28 days. For mouse and rat, 
i t is assumed that l / 5 of the body weight (and food weight per day) is carbon. Thus, for a 
25-g mouse ingesting 4 g of food per day, 

MRT) = , y ^ "̂  ^ y ,^ ^ 6 days; 
mouse 1/5 x 4 g/day 

and for a 200-g rat eating 20 g of food per day, 

MRT) = ? ^ day = 10 days, 
rat 20 ' 

In the above estimates, i t is assumed that complete (100%) uptake of dietary C occurs. 

The above values for mouse and rat agree wi th Buchanan's tissue data (from the exper i 
ment using a diet label led with C) in that the ratio of specific ac t iv i ty of organs and 
tissues to specific ac t iv i ty in diet is approximately given by 

sVa = 1 - e-^ ' 

which approaches 1 at large times (40 to 50 days in the case of rats and mice) where the 
asterisk denotes •'^C. Then we can show 

' T/r ^ 

which indicates that the exponential decreases with the reciprocal mean residence time as 
the decay constant. Buchanan's feeding data are in approximate accord wi th this equation. 
However, in some cases (brain and muscle, for example) more than one exponential is i n d i 
cated, but the MRT for most tissues is 4 to 10 days which is approximately correct. Now 
Buchanan's inhalation experiment can be interpreted. 
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New Model for CO2 Inhalation 

The dai ly intake of C in inhaled air is needed. For a mouse inhaling 0.15 cc per 
breath (the tidal volume) and 163 breaths per minute, 23 cc of air are taken In per minute 
which corresponds to an intake of 33 liters per day. A i r normally has 0.03% CO2, and 
since CO2 has 44 g/mole and 1 mole of any gas occupies 22.4 l i ters, then 

_ , „ - 4 33 liters /oo ^ r l mo'e 12 g C _ „, nm^ r/A 
3x10 x —T X (22.4) TTT— X T— = 0.005 g C/day 

day l i ter mole ' 

is inhaled by the mouse. Since he eats 4 g of food per day wi th 1/5 being C, he ingests 

4 (1/5) g C/day = 0.8 g C/day. 
-2 . . . . 14 . 

So he inhales ~ 10 as much carbon as he ingests. Thus the inhaled radioactive CO9 '^ 
di luted 100 times by ingestion of uncontaminoted C present in food. This accounts for 
lO"'^ of the 10" fraction observed by Buchanan. Evidently only 1 % of the inhaled C is 
taken up by the blood in a form metabol ical ly similar to C in food. This could be related 
to the fact that alveolar air has 3 to 5% CO2 concentration or 100 times the air inhaled. 
Thus the specific ac t iv i ty of the inhaled air is di luted by another factor of 100 to produce 
the equil ibr ium level in tissue. 

I t is bel ieved that this is an important parameter to use in the case of inhalation intake 
of 1^C02 by a man who had inhaled, accidental ly or otherwise, ' ^ C O ^ . 

To get pCi-days residence, we use 

0.01 ^Ci J " e " ° - ^ ^^^ / ^^ dt days = 0.4 pCi-days 

where O.Ol̂  |jCi represents uptake of 1% of 1 | jCi inhaled by man. Compare this to the ICRP 
Publication 2 value of 

0 . 7 5 f e - ° -693 ' / ^ °d tHC i -days = 10.8. 

Thus from their model, one overestimates the dose (given by 

D = 51 X (-^ - t ^ " ) x f e ^ ) X (MRTdays) 
\ m g tissue/ \ dis / \ ' / 

so dose is proportional to pCi days) by a factor of 

10.8 
0.4 

27. 

When the above is compared to the model in Publication 10 of ICRP, care must be 
taken because Publication 10 only gives pCi-days residence for intake to the blood. There, 
for NaH'^^COo, they give a value of 0.58 | jCi-day for bone, but this is for uptake to bone 
of 1 jjCi and not for inhaled C. For the case of in ject ion into blood, that fraction f, 
which has the metabolism of C taken in food, would give 

f X f R(t) dt = 40 f i jCi-days. 
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14 
Included here is a logxlog graph of Skipper's data on C O „ total body retention in 

mouse after a single in ject ion of NaH^ '^C03 (Fig. 1). From here i t can be noted that the 
power function w i l l f i t the data, and the MRT out to 900 days is only 1 day, somewhat lower 
than the earl ier estimate of 6 days. This might indicate rapid exhalation of 5 /6 of the total 
ac t i v i t y in jected. Also, although the power function implies some trapping, i t should be 
noted that there is no excessive concentration of C in bone or other organs in the body. 
More data on larger animals are needed here. Meanwhi le, the value f = 1/6 is suggested 
from the above data on mice. 

Thus, from the above considerations, i t can be seen that a model for CO2 irihalation 
of n single intake has been derived. Note , however, the value of 1% uptake of C into 
blood from inhalation is based on a very small animal—a mouse. The author knows of no 
data on a larger animal , such as a dog, from which the 1 % could be ver i f ied. Note also in 
the above that the mean residence time factor indicates how fast the specific act iv i t ies rise 
for the case of continuous intake. Also, when more than one exponential is involved in the 
retent ion, then the integral of the retention function gives the MRT; hence, i t can be said, 
conversely, where the MRT is known, one can infer the approximate correctness of the 
retention funct ion. For example. Publication 10 gives the retention function for in ject ion 
of NaH^^COo into the blood of man as 

R(t) 
_ 7 -0.693t /0.05 ^ ^ , -0 .693t /0 .4 ^ . , 
0.7 e + 0.3 e , t m days. 

and from this 
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r " n / N - i . k/nT 0.7 X 0.05 + 0.3 X 0.4 , „ _,. , 
J Q R(t) dt = MRT = Q-^92 '^°y^ " °-22 ^°>" 

which is much below the value of 40 days. This suggests the existence of longer-term expo
nentials. If one exponential is added in the amount of 2% with a 1400-day ha l f - l i f e , then 

R(t) = 0.7 e-°-693t/0.05 ^ ^ ^ S e-°-693t/0.4 ^ ^ ^ ^ e-O'^^St/HOO 

° " ^ '^^^ MRT ^ 43 days. 

Although this MRT concept implies longer-term exponentials, i t does not tel l how many to 
add, and only experiments w i l l indicate that. 

A Model for ^ C-Label led Glyc ine 

Whi le the above is for CO2 (or NaH COo) , a model is given in Publication 10 for 
l ^C- labe l led glycine (an amino acid) injected into blood of man. There i t is recommended 
that 

R(t) = 0 . 2 e - ° - 6 9 3 ^ / ° - 1 2 ^ 0 . 2 e - ° - ^ 9 3 t / 0 . 9 ^ Q _ 3 ^ - 0 . 6 9 3 t / 6 ^ 0 3^-0.693t/35_ 

From this funct ion, the MRT can be seen to be ~ 15 days, lower by a factor of 3 than the 
value above of 40 days. Thus i t would be recommended that a component wi th a coeff icient 
of 0.02 and a T|̂  of ~ 1200 days be included to increase the MRT up to ~40 days. 

Conclusions and Recommendations 

From the above i t is concluded that in mice, 1% of the inhaled C O „ enters into long-
term retention in the body. The mean residence time of C in the diet of mouse is 6 days, 
whi le for man, i t is 40 days. I t is recommended that the 1 % uptake to blood be used rather 
than 75% (ICRP Publication 2 value) and the residence time of 40 days be used for metabo
lites (compounds which are involved in the buildup and breakdown of cells and tissues) 
ingested into the body of man. For a single in ject ion of NaH '^COo into blood, some studies 
indicate a lower residence time in mice (-^1 day) than for food labelled with ' ^C (6 days). 
When the above models are used in dose estimation for CO2, i t is found that ICRP Publ ica
tion 2 overestimates the dose to the total body by a factor of ~ 3 0 , whi le the ICRP Publ ica
tion 10 model underestimates i t by a factor indicated to be at least 16 and which might be 
as high as ~ lOO. Probably the single exponential is an oversimplif ication and should be 
replaced by several exponentials of fa i r ly long half- t imes, but to determine these, further 
data on man, or on several species of animals, would be desirable. 
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210 210 * 
METABOLIC BALANCES OF PB AND PO IN UNEXPOSED MEN 

R. B. Holtzman, H. Spencert, F. H. Ilcewicz, and L, Kramert 
Argonne National Laboratory 

Argonne, Illinois 60439 

Abstract 

210 210 
The metabolic balances of Pb and Po were measured in each of 12 men 

maintained on a metabolic ward. These nuclides were determined in urine and 
feces from each subject collected for one month or more from each. Representa
tive diets, drinking water and atmospheric levels in the ward were also sampled. 
The mean levels (±S.E.) were for '̂ •̂ "Pb and "'•̂ P̂o, respectively, in diets over a 
period of five months (1.25 + 0.04) and (1.63 ± 0.05) pCi/day, in urine (0.275 
± 0.026) and (0.269 ± 0.033) pCi/day, and in feces (1.333 ± 0.062) and (1.89 ± 
0.10) pCi/day. 

The mean overall balances (the difference between diet and excreta) of 
(-0.235 ± 0.075) pCi ̂ ^^Pb/day and (-0.337 ± 0.100) pCi ^'^^Fo/6ay show that over 
the collection period, larger amounts were excreted than taken in the diet. 
Atmospheric intake accounts for an additional -̂'-̂ pb intake of 0.07 pCi/day, but 
it contributes a ^lOpQ intake of only about 0.02 pCi/day. The contribution of 
cigarette smoke and dietary levels of calcium to the balances is discussed. 

Introduction 

210 210 
The metabolic properties of Pb and its decay product, Po, in people 

exposed only to normal environmental levels of these nuclides are important 
because they contribute a large fraction of the dose from internally deposited 
nuclides, ' The ̂ •'-̂ Pb produces essentially no dose, but with its 22-year 
physical half life, it can accumulate in the body. On the other hand, the Po 
with its 5.3-Mev alpha particle contributes 90 to 957o of the dose from this 
series (^^^Pb-^^^Bi-^lOpo), but its 138-day half life allows only a limited 
accumulation from sources other than the Pb in the body. 

Metabolic balance studies may indicate other routes of intake and excretion. 
Thus, if the balance is negative (based on diet and excreta), one may look for 
other sources of intake which may be difficult to measure directly, such as 
atmospheric aerosols and cigarette smoke. 

Some dietary and excretion data have been reported in unexposed populations, 
but the studies were generally of a limited nature. GlHbel et al. studied the 
metabolic balances of these nuclides on one person over a one-month period. 
Magno et al.^ measured the ^Pb in "typical" diets from several cities, and 
Morse and Welford determined these levels in a composite New York diet. Some 
urinary excretion rates have been measured in people with potentially high 

6-<5 exposures." ̂  

— 

Work performed under the auspices of the U. S. Atomic Energy Commission. 
t Metabolic Research Unit, Veterans Administration Hospital, Hines, Illinois. 
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We report here on a study of the metabolic balances of Pb and Po in 
men maintained on a metabolic ward for four weeks or more. 

Experimental Methods and Materials 

Twelve fully ambulatory patients in good physical condition were studied 
under strictly controlled conditions on the Metabolic Research Ward. ̂'•'••'• 
Their ages were from 42 to 64 years with an average age (±S.E.) of (52.0 ± 1.7) 
years, and their weights were from 62.6 to 87.0 kg with a mean of (76.0 ± 2.0) 
kg. Each consumed a constant diet daily which weighed about 2 kg and contained 
2200 calories, about 200 mg of calcium and 800 mg of phosphorus. Each subject 
chose his own daily consumption of water intake (average 2.8 liters/day) which 
was then maintained constant over the period of study. In some of the studies 
the calcium intake was increased to 800 or 2400 rag/day by addition of either 
milk, calcium lactate or calcium gluconate tablets to the above low calcium diet. 
Most of the patients had been maintained on the ward on the same diet for many 
months prior to these studies. 

Complete urine and stool collections obtained for the study were usually 
pooled on a six-day basis, although some were combined into four-, eight-, or 
ten-day pools. Aliquots of representative diets were taken for analysis once a 
week over a period of 27 weeks. Two sets of drinking water samples of 1 liter 
each were measured. The atmospheric concentration of these nuclides in the ward 
was estimated from collections made at several periods during the study. 

210 210 
The Pb and Po in the samples were determined by the previously des

cribed procedure of wet ashing and plating the ^Po onto a silver disk which 
was then alpha counted. Calcium was determined by atomic absorption analysis on 
a Perkin Elmer Model 303 Atomic Absorption Spectrophotometer. •'-̂  The accuracy of 
the analytical results was generally ±57o or better, except that those of the 

••'•'̂Po were about 107o. 

Results and Discussion 

210 210 
The metabolic pathways of Pb and Po are illustrated in Fig. 1. Intake 

is from food, water, air and cigarette smoke, while output is through excretion 
and other pathways, such as loss of hair and desquamation of skin. Both 
nuclides may enter the circulation from the gut and be excreted into the gut. 
One large contribution (and probably the major one) to the ^Po pool is that 
from the decay of •̂•'-̂Pb present in the body. 

The largest source of intake is diet. The levels from the representative 
6-day samples are shown in Fig. 2; the overall mean values (±S.E.) are 1.248 ± 
0.029 and 1.630 ± 0.048 pCi/day for ^^°Pb and ^lOp^^ respectively. The coef
ficient of correlation between the '̂•̂'-'Pb and "^^Po data is essentially zero 
(R = -0.20, P » 0.05). However, the mean ratio of •̂'-'̂Po activity to that of 

Pb, 1.33 ± 0.06 is more important, since correlations may be neither evident 
nor important in data which vary little about their means. 

210 
These data show some systematic variations of the Pb, such as minima at 

the 3rd and 8th 6-day periods and maxima at the 5th and 17th periods. The 
•variations are about 207o of the mean. The Po shows similar structure but it 
lags 3 to 5 periods behind the •'-'̂Pb. Some compensation for these variations 
is made in the balances by using dietary levels extant at the collection times. 
However, the means of the 27 measured diets and of the diets of the individuals 
were essentially identical. 
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Figure 1. A model of the metabolic Figure 2. Contents of Pb and Po 
pattern's of •̂'•̂ Pb and ^•'•^o. in the diets of the subjects measured 

in representative 6-day samples. 

210 The mean Pb content of these diets is lower than that found by Morse and 
Welford^ in New York City of 1.40 ± 0.08 pCi/2 kg and than the results of Magno 
et al.^ for four U. S. cities of about 1.7 pCi/2 kg. The differences may be due 
to the lack of some constituents high in 210pb present in the standard diet, but 
not present here, such as fresh vegetables and milk. The seasonal variations 
observed in these data suggest that these values may be at least as representa
tive of a U. S. diet as the single and composite diets reported elsewhere. 
Drinking water contributes in addition about 0.11 and 0.10 pCi/day to the 
•̂'-'̂Pb and ^lOpo intakes, respectively. 

The contributions of inhalation to intake are more difficult to assess 
because they were not measured directly, and they will be estimated only for an 
average subject. This is estimated from the breathing rate and the atmospheric 
concentration. Because of the more sedentary condition of these men relative to 
working men, we assumed the average man's daily breathing rate to be 15 m-̂ /day 
rather than the 20 m^/day of the ICRP "Standard Man".^^ The atmospheric concen
trations of the nuclides are shown in Fig. 3. The mean specific activities were 

210 (10.9 ±0.9) and (1.76 ± 0.16) pCi/1000 SCM (Standard Cubic Meter) for ''̂ "Pb 
and 210po^ respectively. The total intake from the atmosphere is then 0.16 pCi 
210pb and 0.026 pCi ^^"Po per day. 

210 The mean Pb excretion rates for each subject, along with his respective 
dietary and water Intake and the respective balances are shown as a function of 
increasing balance in Fig. 4. Because of the large uncertainties and because 
they were not measured directly, the contribution of inhalation are not included 
in these figures. The ^lOpb values indicate that the balances depend to a large 
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Figure 3. Concentrations of """Pb and 
^Po in atmospheric aerosols sampled 

in various periods from 5/24/68 to 
2/19/69. Each date is the mean date 
of the sampling period. 

extent on the fecal values, which in 
most cases are about equal to the dietary 
intake. The more negative balances show 
more fecal output than dietary input 
and the more positive ones less fecal 
output. There also appears to be a 
general downward trend of both fecal 
and urinary levels as the balance in
creases. The calcium balances and high 
calcium diets (noted by the numbers in 
mg/day intake next to the calcium 
balance points) do not appear to affect 
t-he •̂'•̂ Pb balances. 

The 
those of 

210 

210-
Po results were similar to 
'Pb but their values scatter 

more and show fewer associations, such 
as little correlation between diet and 
feces. The order of the subjects by 
balance is different than that for •̂'•̂ Pb. 

The mean (±S.E.) excretion rates and ranges are shown in Table 1. 

The contribution of cigarette smoke to the nuclide intake is shown in Fig. 
by balance vs. number of cigarettes smoked per week for the seven subjects on 
whom we measured cigarette consumption, 
balance (B) vs. cigarettes/week (C) is 

For 
210-Pb the linear regression of 

B (-0.10±0.17) - (0.0015±0.00043)C 
Table 1. Mean excretion rates and bal
ances of 210pb and 210po, 

Urine 

Feces 

^lOpb 

(pCi/day) 

0.275 + 0.026 
(0 .11 to 0.41) 

1.333 ± 0.062 
(0.99 to 1.83) 

210„ Po 
(pCi/day) 

0.269 ± 0.033 
(0.079 to 0.52) 

1.89 ± 0.10 
(1.54 to 2.46) 

Balance'-0.235 ± 0.075 
(-0.73 to -+-0.25) (-.95 to +0.25) 

diet + water - excreta 

and the correlation coefficient is 
-0.59 (PsjO.lO). While neither the 
intercept nor the slope is statisti
cally significant, they do give an in
dication of the values. The intercept 
is equivalent to the atmospheric 
intake of 0.1 pCi/day and the slope 
is about 0.21 pCi/day, in a person 
smoking one pack per day. (These 
seven people smoked an average of 22 
cigarettes per day.) For ^lOpg j-̂jg 
levels of significance are even poor
er, although, if the intercept is 

forced through zero, the slope of -0.0015 pCi/day is significant (Pa0.05). 
Previous studies on the nuclide content of cigarette smoke•'-̂ ' •'•° lead to an esti
mated total intake of 0.30 pCi 210pb and 0.72 pCi 210pQ pgj. (jay_ 

The results in Fig. 5 are compatible with the directly measured values of 
intake from smoke, if one assumes that retention of inhaled nuclides in the 
respiratory tract is 507o as indicated by various data in the literature.^' '"" 
Daily deposition would then be 0.23 pCi (0.08 from air and 0.15 from cigarettes) 
and that from 210po would be 0.37 pCi (0.01 from air and 0.36 from cigarettes) 
for persons smoking one pack/day. 

The balance based on intake from diet and water only, is negative, but it 
becomes essentially zero, if we add to the intake the contribution from inhala
tion, as shown in Table 2. In this table the dietary intakes are the average of 
our representative 6-day samples, the inhaled values are those estimated for 
inhalation alone, and the excretion values are the overall averages. The dif
ferent means, taken from the overall averages in Table 2 (diet + water + inhala-
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Figure 4. The mean daily levels of 
210pb for each subject in diet, feces 
and urine and the mean daily 210pb 
and calcium balances. The subjects 
are listed in order of 210pb balance. 
The calcium intakes greater than the 
standard 200-mg per day level are 
given in mg/day for Subjects 6 and 7. 

210, 

(-0.275 and -0.269 pCi of ̂ lOp^ a^d 
'^^Po, respectively) to which has bi 
added the estimated mean daily inhala
tion intake of 0.23 pCi'of ^lOpb and 
0.37 pCi of 210po. Thus, the mean bal
ances approach zero to within 37o of the 
intake values. 

These results are lower than those of 
GlObel et al.^ in Germany. Their diet 
(and fecal excretion) had more than twice 
the nuclide content of ours, 4.65 pCi of 
each, and the 210pQ/210p(3 ^atio was 
about unity compared to our ratio of 
1.33. The urinary excretion of 210po of 
0.3 pCi/day was comparable to ours, but 
the 210pb excretion was twice this value, 
in line with the higher dietary levels. 
The values of GlObel et al. are prob
ably not typical of the U.S., either 
because they studied a particular person 
or because their foods were different. 

210 
The balance of the Po is impor 

tant to estimates of radiation dose, 
while the amount in the body under nor 

? 1 0 mal intake depends mainly on the "Pb 
content of the body rather than on the 
intake For.an internal source of 210pb 

of 600 pCi (the ̂ ^"Pb body content of an average man'^^) and with a mean balance 
of 210po of less than 0.1 pCi/day, the implied half life is very long and com
parable to the 7-year values observed in people high in 225j^a.21 The 210po 
activities are then essentially in radioactive equilibrium with the 210pjj 
(> 90% of the 210pb activity). 

210 
Thus, the low ratios of Po to 

210pi3 IJ^ diet and excreta confirm the 
previous estimates2o that only a small 
fraction of the 210po in the body is 
supported by diet when the ratio of 
the activity of 210po to that of 210pb 
is about unity in vivo. Even though 
the residence time of '̂•̂'-'Po is much 
longer than the 25 days assumed ear
lier, 2" the limiting factor would be 
the 138-day physical half life. With 
no excess of excretion over intake, 
the accumulation from the diet would 
be only about 24 pCi, compared to 500 
to 600 pCi in the body (if the 210po 
is nearly in radioactive equilibrium 
with the 210pb). 

y - 0 2 

Q - 0 6 

80 120 160 200 240 

CIGARETTE (NUMBER/WEEK) 

300 

210, 210, 
Figure 5. Pb and Po balances 
plotted against the weekly cigarette 
usage for each of the seven subjects for 
whom this quantity was determined. 
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Table 2. Summary of components of 
metabolic balances. 

I. 

I I . 

I I I . 

Intake 
A. 

B. 

C. 

Ingestion 
Diet 
Water 

Inhalation 
(507o reten
tion) 
Air 
Cigarette 
Smoke* 

Total 

Output 
Excretion 
Feces 
Urine 

Balances 
A. 
B. 

This Table 
Individual 
(see text) 

1.25 
0.11 

1. 

0.07 

0.15 
0 

1 

1.33 
0.28 

1 

-0 

0 

36 

24 

60 

61 

02 

00 

1.63 
0.10 

1. 

0.02 

0.36 
0 

2 

1.89 
0.27 

2. 

-0. 

-t-0 

73 

37 

10 

16 

06 

03 

The values of 210po/210pb ratios of 
1.07 in urine and 1.47 in feces make it 
possible to estimate the amounts of one 
nuclide given a measurement of the other. 
However, because of the large variability 
of these ratios, this estimate is reli
able only to within a factor of 2 or so. 

In summary, the 210pb_210po content 
of the diets appear to be representative 
of those in the U.S. when compared to 
the data of others. They exhibit sea
sonal variations, a phenomenon not noted 
in other measurements.'^" Both the diets 
and fecal excretions had a 30 to 407. 

?1 0 ? 1 0 excess of '̂ •̂ "Po over •'•̂ "Pb, while urinary 
excretion exhibited equal amounts of 
each. When account is taken of the con
tributions of inhalation to intake, this 
group is in material balance with respect 
to both nuclides. This result tends to 
justify the assumption on inhalation 
used in arriving at the intake values. 

1 pack/day 
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LONG-TERM METABOLISM OF 90sr IN RHESUS MONKEYS (Macaca mulatta)* 
Patricia W. Durbin, Nylan Jeung, Marilyn H. Williams, and Marshall W. Parrott** 

Donner Laboratory and the Division of Biology and Medicine, 
Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720 

ABSTRACT 

The plasma content (P^) and daily excretion rate (Ej) were measured, and the whole-body reten
tion (Rt), was calculated for 7 to 15 yr after a single injection of "^Sr in young (2.3-3 yr), adolescent 
(3.1-5 yr), and adult ( > 5 yr) rhesus monkeys. Half-times of 6-term exponential equations of P^ and 
Et -0 .4-0 .5 d, 1-2 d, 3.5-7 d, 40-80 d, 300-650 d, and 2400-3600 d - a r e similar within each age group 
and also among the 3 age groups. The half-times of the first 5 terms of equations of R^ are similar to 
those of ?(- and Ej , but those of the 6th terms are longer, 4200-5600 d, presumably representing re-
deposition of 90Sr recirculated from remodeled bone. The coefficients of the metabolic equations 
demonstrated greater early ""Sr excretion by the older monkeys and greater late retention of "^Sr by 
the growing monkeys. When age at injection was considered, "^Sr retention in monkeys agreed with 
retention of ^^Sr or "Ogj- \YI other simians, beagles, and human adults. 

INTRODUCTION 

Even before the first thermonuclear weapons were exploded in the Marshall Islands (March 1954), 
it was recognized that ^^Sr would be a hazardous constituent of the radioactive fallout, but there was 
little information on "^Sr metabolism in species other than rodents .1 '^ In 1954, urged by Dr. Willard 
F. Libby, then a member of the U.S. Atomic Energy Commission, and the late Dr. Joseph G. Hamilton, 
director of the Crocker Laboratory, we fed or injected animals from the laboratory's small colony of 
rhesus monkeys with low doses of "^Sr.'*"" 

As new techniques were developed, ' ' ° metabolic information began to be available from human 
beings directly, and interest in study of other species declined. Controlled long-term study of the 
alkaline earths in human beings is not possible, because there are no long-lived 7-emitting isotopes of 
these elements. Furthermore, the long-term data from the human 2 2 6 ^ ^ cases are equivocal, because 
Of late radiation effects and uncertainty in their 226^3. exposure levels. Therefore, we maintained and 
gradually added to the "OSr-injected monkey colony to obtain from individual monkeys over a signifi
cant part of their 30-yr life span metabolic data that could be used to test long-term models of alkaline 
earth metabolism.^ This report summarizes our study of " ^ s r in monkeys and compares their long-
term retention of "^Sr with that in other species. 

METHODS AND MATERIALS 

Rhesus monkeys caught in the wild were purchased from animal dealers. Ages were determined 
from dent i t ion!0 and skeletal roentgenograms.^ The animals have been assigned to 3 age groups: 
young, 2.3-3 yr, most epiphyses open, skeleton and body weights increasing rapidly, sexually immature; 
adolescent, 3.1-5 yr, some epiphyses open, skeleton and body weights increasing slowly, sexually 
mature; adult, > 5 yr, epiphyses closed and permanent teeth erupted, skeleton and body weights stable. 
Colony management was described earlier.'* A high-Ca diet (0.03-0.12 g/d/kg body weight) was fed to 
suppress reutilization of "^Sr. 

Strontium-90 diluted in 3% Na citrate, was given in a single i.v., i.m., or i.p. injection. The only 
differences in 90s r behavior related to route of injection were in the early plasma concentrations. 
Experimental protocol is shown in Table 1. 

The monkeys are housed in individual noncommunicating stock cages from which, with careful 
cleaning, we obtain complete excreta collections. Excreta were collected frequently during the first 
year and thereafter in two 7-d pools every 8 wk. In some cases urine and feces were collected separately 
for the first few weeks. Blood samples were drawn frequently in the first weeks and at least twice yearly 
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Table 1. Injection and retention data for 90Sr-injected monkeys 

Injection data 

Monkeya Age Weight 90Sr Injn. Days to 90Sr in Cause of death or reason 
no., sex (yr) (kg) (^Ci) date death body (%) for euthanasia 

Young monkeys (2.1 to 3 yr) 

37F 
36F 
52F 
53F 
29F 
51F 
20F 
50F 
34F 
35F( l )b 

28F 

2.6 
2.3 
2.3 
2.7 
3.0 
2.7 
2.7 
2.7 
2.9 
2.4 
2.6 

4.4 
3.1 
2.8 
2.6 
3.3 
2.8 
3.6 
3.1 
3.6 
4.0 
2.9 

12.8 
12.8 

130.5 
130.5 

41.6 
26.1 
49.8 
26.1 
56.2 
56.2 
41.6 

2/15/60 
2/15/60 

11/13/61 
11/13/61 

9/10/58 
11/13/61 

1/15/57 
11/13/61 

2/21/58 
2/21/58 
9/10/58 

1 
4 

21 
66 

280 
441 
707 

1211 
1921 
2037 
2087 

45.4 
56.2 
48.5 
69.3 
34.8 
26.6 
13.8 
24.8 
15.4 

- 1 0 
15.5 

Test animal 
Test animal 
Test animal 
Test animal 
Positive TB test 
Test animal 
Amoebic dysentery 
Test animal 
Accident 
Reinjected by mistakeb 
Accident 

Adolescent monkeys (3.1 to 5 yr) 

lOF 
64F 
33F 

9M 
31F 
27M 
65F 
63F 
32F 
21F 

3.3 
4.3 
3.2 
4.3 
4.1 
3.6 
4.4 
4.1 
4.2 

^3.2 

3.4 
4.2 
3.8 
9.1 
4.1 
3.2 
4.5 
5.4 
4.5 
4.2 

56.3 
33.1 
56.2 
38.0 
61.1 
41.6 
33.1 
46.9 
61.1 
49.8 

11/10/55 
3/27/67 
2/21/58 
4/21/54 

10/27/57 
9/10/58 
3/27/67 
1/ 9/67 

10/27/59 
1/15/57 

94 
427 

2247 
2520 
2639 
3159 

- - -
- - -
. . . 

45.1 
16.9 

7.3 
18.0 

5.6 
11.2 

5.1C 
5.8C 
7.1C 
5.7C 

Test animal 
Test animal 
Leptospirosis 
Cyst on neck 
Intussusception 
Cage paralysis 
Alive, 2242 days p.i. 
Alive, 2319 days p.i. 
Alive, 5360 days p.i. 
Alive, 6010 days p.i. 

Adult monkeys (>5 yr) 

GSM 
G U M 
98F 
40F 
35F(2)b 

7M 
23M 
38F 

8F 
39 F 
61M 
62M 

6.8 
~ 7 

9.3 
8.8 
7.9 

> 6 . 5 
> 7 

5.4 
~ 5 

5.5 
6.7 

12 

8.9 
7.0 
5.6 
8.5 
5.2 
4.2 
5.0 
3.2 
5.5 
3.2 
6.8 
9.4 

4.4 
5.0 
3.5 

70.4 
50.1 
37.5 
49.8 
50.1 
39.9 
50.1 

117.6 
168.3 

9/ 9/69 
6/24/70 

10/28/69 
1/ 9/67 
9/23/63 
3/16/54 
1/15/57 
9/23/63 
4/ 1/54 
9/23/63 
2/25/63 
2/25/63 

2 
16 
35 
98 

147 
181 

3183 
3411 
3507 

. . . 
— 

37.0 
50.7 
17.9 

7.0 
~ 8 
21.4 

7.8 
2.4 
2.9 
1.3C 

3.8^^ 
1.6C 

Test animal 
Test animal 
Test animal 
Pneumonia 
Test animalb 
Cage paralysis 
Accident 
Uterine tumor 
Leptospirosis 
Alive, 3599 days p.i. 
Alive, 3809 days p.i. 
Alive, 3809 days p.i. 

a In Ref. 4 monkeys 7M, 8F, 9M, and lOF were identified with pet names as follows: 7M, Tony; 8F, Rosy; 9M, 
Stupe; lOF, Pat. 
b Monkey 35F was reinjected (by mistake) with Sr 2037 d after her original injection. When she was killed 147 d 
after the second injection, the measured ^"Sr in excreta, bones, and tissues was compatible with the approximate 
" Sr body contents shown. 
c Body count 4 to 7 mo before the closing date of this report, Aug. 1, 1973. 
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after the first year. After 1968 whole-body bremsstrahlung were measured periodically. Tissues and 
bones of dead monkeys were analyzed for "'^Sr. 

Samples were dry-ashed, dissolved in acid, and analyzed for 90si- by one of the following methods: 
(a) samples of > 10'* dis/min—small aliquots were dried on glass planchets; (b) samples of lO^-lO^ 
dis/min—large aliquots were concentrated by coprecipitation with CaC204;12 and (c) samples of 
< 102 dis/min—large aliquots or entire samples were analyzed by a commercial laboratory using a 9 0 Y . 
extraction processf^^ 

RESULTS AND DISCUSSION 

We have chosen to describe plasma activity, P^, daily excretion rate, E^, cumulative excretion, E j * , 
and whole-body retention, R j , as sums of first-order exponentials, of the form 

i^i 
Aj = 2 Aj exp (-0.693t/Tai). (1) 

i=l 
Half-times, Taj, and time after injection, t, are in days. The data for P^ and Ej were plotted semi-
logjirithmically for each monkey. Curves were fitted by the method of least squares in 6 straight-line 
segments over the intervals shown in Table 2, and the coefficients of their exponential equations, Pj (%) 
and Ej (%/d), and the half-times, Tp; and Tej, were determined graphically. Cumulative excretion was 
calculated for each monkey by integration of its equation of Ej at the postinjection times shown by 
the data points in Fig. 1. Whole-body retention was calculated from the relationship 

Rj (%) = (100% - Ej*) = (100% - J^^Ej dt) . (2) 

Tabulations were made of the values of P(̂  and Ê ^ read from the individual monkey's curves and of 
their calculated values of R(̂  at the times shown by the data points in Figs. 1-3. Mean values of P^, E^, 
and R(- (the data points shown in the figures) were calculated for the 3 age groups. The individual 
values usually varied over a 2- to 4-fold range. The mean curves shown in the figures were also ana
lyzed into 6 exponential terms, and their coefficients and half-times are collected in Tables 2-4. 

Total excretory clearances of the 3 monkey groups (see curves of Pj and E^ in Figs. 2,3) ranged 
over 4.5-9 plasma volumes/d and tended to be lower in the younger monkeys. The best current 
estimate of excretory clearance of 90sr in adult man9 is 4.3 plasma volumes/d (13.6 liters/d for a 
70-kg man wdth an average daily intake of 1 g Ca, 0.014 g Ca/kg body weight). The greater clearance 
in the monkeys is probably related to their 2- to 10-fold greater Ca intake. 

The half-times of the comparable terms of the equations of P̂ ,̂ Eĵ , and R^ (Tables 2-4) were 
similar within the 3 age groups, which is to be expected, because retention, plasma activity, and ex
cretion rate are all dependent on bone metabolism. However, in the equations of Rj for the adolescent 
and adult monkeys, Tr5 was 4200 to 5600 d, while in their equations of P^ and Ej , Tp5 and Te5 were 
2400 to 3640 d. Although the data are insufficient to demonstrate a significant difference, such a 
finding is compatible with redeposition in the skeleton of some 90s r recirculated during bone resorp
tion. 

The coefficients, P ] .3 , E j . 3 , and R ] . 3 , representing 90si- uptake in bone, are smaller in the 
metabolic equations of the young monkeys than in those of the adults. The coefficients, P4.5, E4.g, 
and R4.5, representing turnover of 90S]--labeled bone, are greater in the equations of the young 
monkeys than in those of the adults. The relative magnitudes of the coefficients of the equations of 
P J , E J , and Rj- in the 3 age groups demonstrate again the dependence of 90sr uptake and retention on 
bone-growth status.^5"-^° 

The half-times of 6-term exponential equations of 90si- retention in young-adult beagles-*^ and a 
57-yr old woman ' were similar to those in the retention equations of the monkeys, when all retention 
curves were analyzed over the same postinjection intervals (Tables 2,4). The finding of common half-
times in exponential equations of 90Sr retention in monkeys with varying bone-growth status, young-
adult beagles, and a middle-aged woman supports the view that the dynamics of skeletal metabolism 
are qualitatively similar among mammals.l 5 

If age at injection is considered, "^Sr retention in our monkeys agrees with the retention of ^•'Sr 
or 90sr in young and adolescent rhesus monkeys studied elsewhere,19 young and adolescent monkeys 
of 3 species of Cercopithecus (West African monkeys of small body size),20,21 1.4- to 9-yr-old 
beagles,14,16,l8 and in adult human subjects during the first 1,00 d after injection. For example, 15 d 
after injection, retention or 85s r of 90si- yŷ g 27±9% and 34.3± 10.2%, respectively, in 8 adult rhesus 
monkeys and 9 human beings 27-61 years old.7, 22-24 By 350 d, retention of 85sr in 9 human adults 
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Fig. 1. Retention of a single 
injection of^^Srin rhesus 
monkeys, young-adult 
beagles,^'* and a 57-yr-old 
woman."^ Parameters of the 
exponential equations 
appear in Table 4. 

Fig. 2. Plasma content and 
excretion rate (urine and 
feces combined) after a 
single injection of°^Sr 
in rhesus monkeys. 
Parameters of the ex
ponential equations 
appear in Tables 2,3. 

Fig. 3. Expanded time scale of Fig 2. 
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Table 2. Plasma content : Coefficients (Pj) and half-times (Tpj) of the exponential equations that 
describe the 90Sr content of the plasma^ after a single injection in rhesus monkeys. 

Expo
nential 
term 

i c 
2 
3 
4 
5 
6 

Fitting 

titir '̂ 
0 
1 
5 

25 
250 

> 1 5 0 0 

t 2 ( d ) 

1 
5 

25 
250 

1500 

Youn 

t f= 1900 
Pi (Vo) 

1.0 
.88 
.026 
.0032 

? 
db 
Tpi(d) 

.65 
4.4 

60 
420 

Adolescent 

tf = 4600 db 
Pi(%) Tpi(d) 

1.2 1.1 
.28 5.8 
.019 51 
.0038 300 
.00024 3500 

Adult 

tf = 3450 db 
Pi (%) Tpi(d) 

1.7 .53 
1.8 3.3 

.007 40 

.0008 640 

.0002 2400 
a Total plasma ""Sr was calculated from ^Ogr in weighed samples of whole blood and the measured hematocrit, 
assuming a blood density of 1.056g/ml and a plasma volume of 36.4 ml/lig body weight in rhesus monkeys, 
b Time of last available measurement, 
c The earliest components of the blood curves have not yet been analyzed. 

Table 3. Excretion: Coefficients (Ej) and half-times (Tej) of the exponential equation of the rate of 
90sr excretion, and intercepts (Ei*) of the equations of cumulative excretion of 90sr after a single 
injection in rhesus monkeys. 

Exponential 
term 

] 

ia ,b 

2 
3 
4 
5 
6 

Ei (%/d) 

16 
5.9 
1.5 

.19 

.053 
-

Young 
tf = 1900d 
Tei(d) Ei*(%) 

.40 9.2 
1.7 14 
7.1 15 

80 22 
360 28 

- -

Adolesc ent 
t f = 5 2 5 0 d 

Ei(%/d) Tei (d) 

41 .46 
7.9 1.3 
2.0 6.5 

.094 41 

.058 300 

.0017 3640 

Ei* (%) 

27 
15 
19 

5.5 
25 

8.9 

Ei (%/d) 

31 
21 

4.1 
.091 
.0086 
.0011 

Adult 
t f = 3 3 0 0 d 

Tei (d) Ei* (%) 

.42 19 
1.2 36 
5.5 32 

88 12 
570 7.2 

2400 3.8 

a The parameters of the first terms of the equations of Ej were obtained from curves in which 0-1 d excretion was 
plotted at 0.5 d, and fecal lag was neglected. Such curves artificially depict constant renal excretion during the first 
24 h, and gastrointestinal excretion as both constant and instantaneous, 
b Same fitting intervals as in Table 2. 

Table 4. Retention: Coefficients (Ri) and half-times (Tri) of the exponential equations of whole-
body retention of 90Sr after a single injection in rhesus monkeys. Parameters of 90Sr retention curves 
of young-adult beagles and of a woman are shown for comparison.^ 

Exponen
tial term Young 

tf 
Ri(%) 

1 11 
2 10 
3 11 
4 20 
5 26 
6 21 

= 2 1 0 0 d 
Tri(d) 

.50 
2.1 

17 
66 

300 
5400 

Monkey 

Adolescent 

tf = 
Ri(%) 

23 
18 
17 
14 
17 
11 

5250 d 
Tri(d) 

.38 
2.0 

10 
100 
500 

5600 

Adult 

t f = 3 4 5 0 d 
Ri(%) Tri(d) 

28 .41 
24 2.2 
24 7.0 

9.2 22 
8.8 540 
6.0 4200 

Beagle 

tf = 4900 d 
Ri(%) 

19 
32 
18 
11 

6.7 
13 

Tri(d) 

.6 
2.7 

14 
120 
540 

5300 

Hun 
subj 

nan 
ect 

tf = 3 9 7 d 
Ri(%) 

22 
31 
22 

4.6 
22 
— 

Tri(d) 

.44 
2.5 

14 
130 

1000 
— 

a Data from LLOYD et alM for beagles injected wdth < 3 0 ^Ci/kg of 90sr, and data from COHN et al."^ for a 57-yr-
old woman patient MOS were replotted, and the retention curves were fitted over the same intervals (Table 2) used to 
analyze the monkey curves. 
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(some ill but with apparently normal skeletons) was 15.9±4.7%7.23..apparently greater than in 5 
adult monkeys, 11 ± 4.3%. However, by 350 d, decay and excretion of 85sr introduce large errors in 
whole-body 7-ray measurements, which, added to individual variability, render any difference in
significant. Thus, rhesus monkeys of varying ages seem to be a suitable model system in which to 
evaluate long-term metabolism of the alkaline earth elements. 
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Abstract 

85 
The translocation of Sr was followed by a 2 h external counting of the 

wound and homologous bone and by measurement of the blood radioactivity. Two 

types of wounds were simulated on Maccacus monkeys : puncture wounds and lace

rations . 

The same experimental procedure was applied in order to test therapy through 

Sr insolubilization by rhodizonate (K), Mg SO., alginate (Ca) and aluminium 

phosphate gel, on laceration wounds either 5 or 15 min after the contamination. 

It was verified that local or IV administration of DTPA did not result in an 

increased absorption of Sr. 

Introduction 

Wounds can be classified into three classes : abrasicMi, laceration and punc

ture. The first will not result in any significant absorption after contamina

tion ' ; the second one only can be treated by local insolubilization of the 

radionuclides. Most authors have studied wounds contaminated by tmtranslocable 

nuclides (Pu and Am), whereas our study was concerned with strontium, a trans-

locable fission product with a high radiotoxicity. Por safety purposes and ea

sier measurement, ̂ Sr was chosen. 

Material and methods 

Twenty eight Maccacus monkeys weighing 5 kg were used. Wounds were performed 

on the postero-external side of the thigh. Puncture wounds were simulated by 

IM injections ; lacerations were made by incision and ecrasement of the muscle 

2 cm long and 2.5 cm wide. A catheter was introduced into the arteria femora-

lis of the opposite leg for blood samples. Prom 10 to 100 W± of Sr (o.l cm5) 

were deposited on the wound and the radioactivity of the wound and the homolo

gous area on the other leg was measured by Nal (TI) detectors with the same 

1418 



counting efficiency. The radioactivity of the blood samples (1 cm3) was measu

red in a well-type crystal. The various treatments were applied 5 or 15 niin 

after exposure. 

Results 

Effect of the type of wound on absorption. 

100 
a -Counting rate of wound site (leg] 
b.Counting rate of homologous 

site (bone mainly) 
C-Absorption of Sr ( a -b ) from 

the wound 

Sr kinetics in wound site, 
skeleton and blood after 
puncture wounds (A) and 
lacerations (B) 

100 

Time in mm 

Following punctiire, all the Sr was absorbed within 40 min (fig. 1 A, average 

on 2 animalsy. Blood concentration was highest within 20 min, then slowly de

creased. Bone uptake seemed to stop after 50 min's time. Following laceration 

(fig. 1 B, average on 6 animals) these processes were slower and not so comple

te. 

Sr insolubilization tests on lacerations. (l7 animals). 

As shown by fig. 2, therapy must be early : when administered 5 min after 

exposure, all the insolubilizing reagents resulted in a more or lest significant 

Rhodizonol. (K) 

Fig 2 Effectiveness of local insolubilization 
of Sr on lacerations by different 
reagents after 5 and 15 mm 

50 100 0 
Time in mm 

50 100 
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decrease of absorption ; when administration occured 15 min later, only K rho

dizonate (powder) and Mg SO^ (saturated solution) had a significant effect. 

Counting of the wound showed rhodizonate to be more efficient (fig. 3)» which 

was verified by measurement of urinary excretion (table l). 

0 0 

9 0 

80 

Fig 3 Absorption of Sr from the wound oft«r treatment 
postponed for 15 mm 

V * 

1 
% v>\ 

1 % 

Tm. nmin 

~—;- UnlrtotMj 
_ 4 . _ _ So, M B 

I — 

Effect of DTPA on Sr absorption. (3 animals). 

In case of wounds contaminated by a mixture of fission products, DTPA (used 

as DTPA Ca Naj) can be used in order to chelate the lanthanons. Table 1 shows 

that Sr absorption was not enhanced by DTPA whether insolubilized or not. 

Treatment 
offer 15 mm 

Untreated 

M g SO4 

Rhodizonate 

DTPA 

Rhodizonate 

+ DTPA 

Rhodizonate 

^DTPA 

+ DTPA ( IV ) 

Absorption from 
the wound 

% of deposit 

2 2 

33 

10 

23 

10 

2 0 

Urinary excretion 
during 24 h 

% of deposit 

7 

2 ,5 

1,5 

5 

1 

2 ,5 

Table 1 Influence of treatment on absorption and 
urinary excretion of Sr deposited on laceration 
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Discussion and conclusion 

Lacerations are very difficult to standardize and result in widely dispersed 

data (slide number 5)-. 

As a conclusion, laceration wounds contaminated by Sr can be treated by inso

lubilization whereas puncture wounds caimot, because of access and delay. 

Rhodizonate seemed to te the best insolubilizing reagent. DTPA did not act on 

Sr absorption. 
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Abstract 

A complex of instrumentation and techniques for dosimetric 
monitoring at industrial enterprises using unshielded beta-emit
ters of T and 140 is offered. Air-borae radionuclides are as
sayed by automatic monitors developed on the basis of gas coun
ters. A portable device for detection of radioactive contamina
tion of surfaces is worked out. Scintillation and gas counters 
have been used to measure 140 and T content in personnel. The 
sensitivity of the methods is sufficient for monitoring of all 
categories of exposure. 

Introduction 

The problems of protection from tritium and ^C radiation 
arise in the manufacture and application of tracer compounds, 
luminophores, tritium-titanium targets as well as in spheres in
volving the use of the energy of nuclear fission and fusion. 
Certain difficulties, as far as the dosimetry of these radionuc
lides is concerned, are due both to their specific radiation 
characteristics and insufficient knowledge of the radiotoxicity 
of their compounds'" »2. 

This paper does not deal with the biophysical aspects of the 
indirect dosimetry of T and 14C; it describes instrumentation 
and methods for detecting low-enrgy beta-emitters in the human 
body and environment. 

Monitoring of Radionuclides in Air 

Gas filling counters are employed as detecting devices in 
all the monitors developed. The instruments also incorporate de
vices for passive and active shielding of the counters from ex
ternal radiation, systems for intake, processing and regulation 
of the flows of assyaed air and filling gas, electronic registe
ring systems, control and signalling assemblies as well as high-
and low-voltage power supplies for the counters and transisto
rized circuits, respectively. The instruments are designed as 
portable double-tier columns with detecting device at the bot-
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tom and gas systems and electronic blocks at the top. 
A mixture of aerosol-free air (0.1 1/min) and methane (0.5 -

i_i/mxnj xs fed to the detectors of instruments A and B. The 
axr pxping and proportional counter bodies are made of Teflon. 
The operating volume of Counter A (Pig.la) of 0.15 1 is limited 
oy a cylxndrxcal cathode consisting of 22 metal wires.3 The de-

a 

COo 

Pig.1. Schematic constructions of gas-flow counters. 
X - anodes; . - cathodes; t - quartz tube. 

^!°^?? and pre-amplifier are surrounded by a 5 cmethick lead 
shield. Pulses are registered by an integral discriminator with 
a sensxtxvity of 0.5 mV. To calibrate counters A aad B, a flow 
of methane bubbler-saturated with T-ethanol vapours is passed 
in succession through the multi-wire counter and a calibration 
counter wxth knovm parametres. The counting efficiency is cal
culated wxth due regard to the ratio of the detector volumes 

mJ^®..^°^ effxcxency of the calibration counter. 
The detection efficiency for T and 14C beta-radiation for 

counter A operation in air-free methane is over 90%. A 500V -
„?S^„^S^i^^S Pl^^^^^'^as ^0 appreciable slope. Introduction of 
axr affects the countxng characteristics considerably. For a 5% 
admxxture of air, the plateau length is reduced to 250V and its 
slope xs 2%/100 V. The count curve for a mixture containing lo% 
? L /̂""-"̂ ^̂  regxon of 3.4 to 3-6 kV has a slope of 8%/100 V. 
? ? % w^''t®''oL°^mS®*^ particle detection in the working point 
U.5 kV; is 85%. The count curve becomes still less stable as 
tne axr portxon increases. The counter background of 150-180cDm 
remaxns fable up to 4.0 kV. The detector and gas system are 
cleaned from THO vapours and gaseous tritium exponentially (K = 
"̂ ĥ 1^^°"^ ^^f moment radioactivity intake has ceased. 

« Jril S;^ counter B wxth a multi-wire cathode is enclosed in 
?p?^ f̂ ^ Protectxon counters located in the same volume of gas 
cidfAce ulse^°~° ^"^ ^^^"^ selects coincidence and anticoin-

70 ̂ n^ ?̂ '̂ ;̂ '' ? anticoincidence background is 35 cpm in methane, 
70 cpm xn 10% axr mxxture and 85 cpm at 20% content of air, res
pectively. The count curves for T and 14c have a olatea^^i nnp 
of about 5%/100V at 10% and 20% air in tSe m!x?u?Jf ?he cJSSt-
xng effxcxency is aboi.̂ t 90%. ûuiii, 

•So K?® ^^^^^..u^ *^® ®^Sy composition of air-borne radioactivity 
^nM^?r? °?v,^® correlation between the number of coincidence 
counts m the measuring and protection counters and the path of 
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primary ionizing particles'+.Thus, the ratio of coincidence and 
anticoincidence counts for T is 0.1, whereas for "l̂ c - 1.6* The 
counter B measurement results may be used for estimating the 
ratio of nuclide concentrations in air. 

Counter C (Pig.2) is intended for a selective determination 

-, f 

• ' L 
12 

\ ^ 

d^ 
1^ 

M 

15 

-
'" 

17 

18 

i A 

Pig.2. Block-diagram of air-borne C monitor. 
1 - air intake; 2 - compressor; 3 - oven; 4 - bubbler; 
5 - vessel with KOH; 6 - reaction vessel; 7 - vessel with 
HpSO.; 8 - dessicator; 9 - bubbler with cyclohexan; 10 - COp-
counter; 11 - liquid seal; 12 - schielding counters; 13,14-
input blocks; 15 - high voltage block; 16 - recorder; 17 -
measuring block; 18 - electronic suppressor, 

of air-borne as carbon dioxide or carbonate aerosols. Air under 
assay is bubbled through a flow of a 10% solution of KOH to ab
sorb COp* The solution of KOH and KpCO- is passed to a reaction 
vessel With a 25% solution HpSO.. Carbon dioxide resulting from 
the reaction: KgCO^ + HgSO- -KgSO. + HgCO^; HgCO^ -»H20 + C02f 

is passed through a desiccator and a quenching agent (cyclohe
xan) bubbler to the counter. CO2 acta both as an operating gas 
in Geiger counter and a radiocarbon carrier. 

The cathode of the CO2 -counter is provided with a 0.3 mm-dia. 
platinum wire coil wound at a pitch of 5 mm inside the inner 
surface of a 18 mm-dia. quartz tube (Pig.1c). The counter volume 
is 30 cm3; the anode diameter 0.1 mm. 

The count curve in measuring crude COp is quite good due to 
the incorporation of an external suppressor assembly with a 
pulse height of 1.5 kV, duration 2 msec. The plateau length is 
400 V; the slope - 2%/100 V; the working point - 3600 V. The 
background of the counter surrounded by a 5 cm-thick lead shield 
at anticoincidence with a ring of shielding Geiger counters is 
4-5 cpm. The counter radiometric characteristics for air monitor
ing are given in the Table. The minimal detectable concentration 
(MDC) in the atmospheric air is defined as a level capable of 
inducing a count rate equal to that of the background. The 
simplest monitor A ensures a reliable detection of maximum 
permissible ^concentrations for personal of THO vapours 
(5.10-9 Ci/1 ) and '̂ c compounds (3.5 x 10-9 Ci/1). The model 
B is capable of detecting concentrations lower than the 
above by an order as well as differentiating beta - radiation 
with respect to energy. The provision for the chemical selec-
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Table of Parameters of Air-Borne Radioactivity Monitors 

Counter 

A 
B 
C 

Gas t o be 
assayed 

Air 
Ai r 
COg 

Sample 
volume, 
cm3 

1b 
100 
30 

Backgro 
cpm 

150 
55 

4 

UTXd. MDC,Ci/1 
of a i r 

5x1u-y 

4x10-1U 
2x10-14 

Response 
time 
min. 

1 
5 

30 
tion of CO2 makes counter C applicable for monitoring of air
borne 14c for all categories of exposure^. These instruments 
intended for operation under various conditions offer a still 
wider range of uses: 
(a) automatic recording and signalling of emergency situations; 
b) simultaneous sampling of air from several checking points; 
(c) differentiation of gaseous tritium and THO vapours by means 

of the desiccator assembly; 
(d) continuous catalytic combustion of '̂ C and tritium-labelled 
organic compounds in air to form COp and THO. 

Monitoring of Radioactive Contamination of Surfaces 

National standards treat of radioactive contamination of sur
faces in terms of particle output from a unit of area regardless 
of radiation energyS. To comply with this,the efficiency of our 
portable instrument hardly depends on radiation energy.Detecticn 
is effected by a four-section gas-flow proportional counter with 
an open window (Pig.3).Anode wires are designed to run parallel 
to the examined surface. The outside cathode made of 0.6x0.6mm 
mesh brass net is separated by a 2mm clearance from the surface. 

Pig.3. Surface contamination detector. 
1-anodes;2-insulators;3-net;47rubber ring;5-lead disk;6-gas con
nection pipe;7-plug connector' 8-grip. 

2 
The sensitivity area is 40 cm . The detector comprises a tran
sistor pre-amplifier of signals. The gas (methane) flow rate is 
less than 0.5 1/min. 

The measuring panel incorporates an integral discriminator, 
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a rate meter, a pointer indicator and a power supply. 
Solid sources of beta radiation of tritium, 14c and 137cs are 

used for calibration purposes. Plateaux of 200 to 300 V length 
with a slope of 5%/100 V have been obtained. The counting effi
ciencies at the point of operatioh are: 70% - for tritium, 80%-
for 14c and 90% - for 137Cs. The proximity of the above values 
is due to the peculiarity of open-window counter operation, 
which detect a great portion of ionization electrons released 
in the gas layer bounded by the examined surface and the cathode 
The counter background is 6 cps. The instrument reliably detects 
contamination under 0.01 of the maximum pepnissible levels for 
operation surfaces (2.000 particle/cm2 mino). 

Measurement of Tritium and ^C Content in Human Body 

The internal contamination of the human body induced by such 
beta-emitters as T and 14C may be determined only indirectly on 
the basis of the results of biological sample assays. 

T and 14c concentrations in the body liquid samples and ex
haled air were measured by scintillation and gas counters. 
Samples of urine,saliva, blood and exhaled vapour condensate 
were mixed with a liquid scintillator containing 8 g PPO + 0.2g 
POPOP + 100 g naphthalene per 1 1 dioxane. Different methods of 
preparation of tritium-containg samples with respect to the deg
ree of purification, such as distilled, activated coal-treated 
(urine only) and untreated samples, were tested. Precipitates 
were separated by filtration. 

The beta-radiometry of the samples was carried out on a scin
tillation coincidence counter with two Venetian-blind photomul-
tipliers ^^)/-&^A A 30 ml cuvette for samples is made of Teflon 
and provided with quartz windows. The electronic recording sys
tem selects time-coinciding (within 100 nsec) pulses fed from 
the two phomomultipliers and analyses them with respect to amp
litude by means of a differential discriminator with a threshold 
ratio of 10:1. The measurements were carried out under balance 
conditions. The instrument was calibrated with the aid of a solM 
emitter of X-rays simulating tritium radiation*^• 

The best sensitivity is ensured in measuring samples contain
ing 20% water or 8 to 10% urine, with the tritium counting effi
ciency being 12 to 15%5 the counter background is 50 cpm. The 
sensitivity threshold to tritium in water is 3.10-9 and in un
treated human urine - 7*10-9ci/l, respectively (measurement time 
-30 min; relative error -25%). 

An analysis of the instrument background shows that 65% is 
contributed by internal processes occurring in the photomulti-
pliers and generating light impulses; 30% - by radioactive and 
cosmic radiation, and 5% - by random coincidence of dark current 
pulses and the phosphorescence of samples. 

The minimal detectable concentration of tritium is four or
ders below the "initial levels of the examination" of personnel 
in contact with tritium oxide^.The scintillation counter sensiti 
vity to 14c concentation in urine or water samples is 10-9 Ci/1 
which is quite sufficient for the purposes of industrial dosimet
ry. 

Another modification of the indirect dosimetry method is pro
vided by the measurement of THO vapours and ^4co2 ^^ exhaled air 
by means of gas monitors of types B and C. The air to be assay
ed is continuously sampled from a through-flow vessel where ex
haled air comes. The CO? counter is capable of measuring 14c con 
centrations up to 2'10-T2 Ci/l in exhaled air (COpcontent -3%). 
This makes it possible for 14C excretion to be reliably monitor-
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ed during one week after one "initial level of the examination" 
of NaHl4C0'38 incorporation. During the first days after exposure 
l?his level can be detected by instrument B as well. Por a simi
lar THO incorporation the body fluids tritium concentration is 
35 ii Ci/1°, whereas this parameters for exhaled air is 1.5*10-9 
Ci/1 at the body temperature. However, when air is transferred 
to the detector, the air temperature is equalized to that of the 
device parts. This leads to the condensation of some vapours and 
the residual concentration of THO in the assayed air is deter
mined by the ambient temperature. Thus, 5'10-"0 Ci/1 of exhaled 
air corresponds to the "initial level of the examination" at 
20**C. This concentration is reliably detected by counter B. 

So, the above complex of instrumentation and techniques gua-
remtees an all-round monitoring of exposure conditions of opera
tion in contact with unshielded tritium and radiocarbon compounds 
Depending on the process used and scale of production of diffe
rent radioactive substances, the dosimetrical service may be 
supplied with some of the instruments of this complex or a sui
table combination of them. The counters have been tested for 
a long period of time at the works of manufacturers specializing 
in the large-scale production of various radionuclide items, 
such as labelled organic and inorganic substances, luminous 
compounds and devices, metallic targets with tritium, etc. The 
test results have shown the described equipment and methods to 
comply with the requirements of day-to-day dosimetry. 
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SAMPLING FOR TRITIATED WATER VAPOUR 

by 
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ABSTRACT 

Collection of tritiated water vapour (HTO)y from air by bubbhng the air through non-tritiated 
water and subsequent measurement of the accumulated activity by liquid scintillation counting is 
often used as a simple method of monitoring for (HTO)y in air. 

Expressions for the collection efficiency of a model collecting device of this kind are derived 
here in terms of the initial mass of water in the collector, the total air flow, the humidity in the air 
entering and leaving the collector, the intrinsic efficiency of the collector and the ratio of the 
relative isotopic concentration [T/H] in the vapour phase to that in the hquid phase at the effective 
operating temperature of the device. 

Predictions from the model are compared to the measured efficiencies of collectors with and 
without fritted glass air dispersers, for water masses from 50 g to 200 g, air volumes 0.1 to 20 m^, 
air flow rates up to 160 cm^/s and water temperatures in the range 5°C—35°C. Intrinsic efficiencies 
greater than 95% and agreement between predictions and results to within a few percent is 
demonstrated for a practicable range of the variables. 

Introduction 

A simple method of collecting a sample of tritiated water vapour (HTO)y from air is to bubble 
the air through water as shown in figure 1. This is, of course, a particular application of the general 
laboratory technique of gas washing. The comparative collection efficiencies of various kinds of gas 
washing bottles were investigated experimentally many years ago^ ̂  K 

The method has been widely applied for tritium monitoring since the collected activity may be 
easily measured in a liquid scintillation counter*^^ .̂ Collection efficiencies observed in particular 
sampling systems have been reported^^" ^ In the last reference a theoretical expression ignored the 
sampling conditions and was of very limited apphcability. 

Here, the influence of relevant variables upon the collection efficiency is investigated 
theoretically. The experimental determinations of some of the parameters are reported and the 
experimentally observed dependence of the collection efficiency on some of the parameters is 
compared to the theoretical predictions. 

Theory 

Suppose that in the model bubbler shown in figure 2, air containing water (H2O) at X g/m^ 
and (HTO)y at C fiCi/m^ is being bubbled through water. Let e be the fraction of the air from 
which the ingoing tritiated water is removed and assume that this fraction is saturated by water 
vapour from the bubbler. Suppose that the saturated vapour density at the bubbler water/air 
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X (g/m') 

Figure 1: Laboratory and field C (/iCi/m ) 
bubbler: Nominal volume is 250 

INTRINSIC 
EFFICIENCY^ 

Figure 2: Model bubbler. ^ 

cm^. 

Y(g/m') 

V(m») 

.ISOTOPE 
EFFECT a 

- M ( g ) 

^ A (/ iCi) 

interface is Y g/m' and that the ratio of specific activity of HTO in the vapour phase to that in the 
liquid phase at the water/air interface under the particular dynamic conditions is a, the isotope 
effect coefficient. 

Let the mass of water in the bubbler be M g and the activity of the tritium in it, A ^Ci. 

The rate of change of mass of water in the bubbler with air volume V m^ passed through is 
given by 

dM 

dV 
= e ( X - Y ) (i) 

and, assuming that the activity is uniformly distributed in the bubbler water, the rate of change of 
activity in the bubbler with air volume is given by 

O A Y ' 

Equation (i) may be integrated directly to give 

dA / OAYX 

M = MQ - e (Y-X)V 

(ii) 

(iii) 

where MQ is the initial mass of water in the bubbler. 

Assuming that a is independent of V and M, if X =/= Y the solution for A can be shown to be 
MC r / M \ W 1 / i u \ W + l 

A = -
(Y-X)W 

where AQ is the activity initially in the bubbler 

W 

[• -©']•*€)• 
(s) 

(iv) 

IfX = Ythen 

A = 
aX 

1 — exp (— 
/ e a X v \ , / eaXV\ 

In the trivial case of Y = 0, 

A = eCV + A. 

(V) 

(vi) 

while in the special Umiting case of X = 0 and a = 1, 

A = AQ -
CM / M \ 

(vii) 

The fraction of the sampled activity that is retained in the bubbler is the number of practical 
interest. This is the overall collection efficiency (E) and when, as is usually the case, AQ = 0, 
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E = A/CV. (viii) 

Figures 3—5 illustrate how variations in X, Y, e and a affect the variation of collection 
efficiency with air volume sampled. For convenience the inefficiency (1—E) is shown, expressed as a 
percentage. The initial mass of water MQ is lOOg in all these figures. However, since the variables X, 
Y and MQ could have been combined as (X/MQ) and (Y/MQ) in the model, the curves shown can be 
interpreted for other values of MQ by normalising the values of X and Y to the new MQ; i.e. by 
multiplying by ( M Q / 1 0 0 ) . 

When the mass of water introduced into the bubbler and the mass of water lost from the 
bubblers are both small compared to the mass of water in the bubbler, the efficiency may be 
approximated by the expression 

E = e-——- (ix) 
2MQ 

When W = 1, (i.e., X/Y = 1—(a/2)), (1-E), calculated from equations (iv) and (viii), is linearly 
dependent upon volume V and is identical to the value calculated from equation (ix). A convenient 
set of conditions that produce a value of unity for W (X = lOg/m^, Y = 20g/m^, a = 1) is repeated 
on figures 3—5. Hence in figure 3, the linear relation (X = 10) is also the approximation for all 
values of X as given by equation (ix). In figure 4, W = 1 for the three cases where a = 1 so that 
equation (ix) predicts (1—E) identical to the value from equations (iv) and (viii). In the other case 
(of?^l) and in figure 5, Unear approximations from equation (ix) are shown by the dashed lines. 

Note from figures 3—5 that the inefficiency is most sensitive to the values of Y/MQ and e for 
the ranges of variables shown. Clearly, equation (ix) is adequate for predicting bubbler performance 
over a wide range of sampling conditions and values of c. Determination of values of e, a and the 
effects of the sampling conditions upon the overall collection efficiency of a particular bubbler are 
considered separately in the following sections. 

Intrinsic efficiency (e) of a bubbler 

In general, e will depend upon the extent of the dispersion of the two phases and their time of 
interaction, the air flow rate and the temperature. A high value for e is desirable, from the point of 
view of overall collection efficiency. 

Values of e are difficult to predict ab initio. However the measured value of E is the lower 
limit of e which might be expected to be the dominant Umiting parameter determining E when 

aYV 
< l - e a n d « l (x) 

2MQ 

The intrinsic efficiency, e, may be estimated therefore from the measured E without the estimate's 
being very dependent upon the a. and Y which are difficult to measure accurately. 

To determine experimentally when e decreases below, say, 0.98, the sampling conditions 
should be chosen so that aYV < .04 MQ. For the conditions MQ > 50 g, a = 1 and Y = 20 g/m^, V 
should therefore be less than 0.1 m^. Figure 6 shows the method used to measure e for various 
kinds of bubblers, masses of water, temperatures and air flow rates. In these experiments input 
humidity X was 3 g/m' and the ambient air temperature was ~ 23°C. 

Figures 7 and 8 summarize the results of the measurements. The efficiencies predicted from 
the sampling conditions, using equation (ix), with Y (taken from psychometric tables) 
corresponding to the temperature of the bulk of the bubbler water and values for a and e of unity 
are also shown. Because this represents a lower limit to the efficiency that could be attributed to 
the sampUng conditions, where the experimental points drop below this curve, the intrinsic 
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Figure 3: Calculated vanations of collection ineffi
ciencies with air volume for different values of sample 
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Figure 4: Calculated variations of collection effi
ciencies with air volume for different values of 
intrmsic efficiency e and isotope effect coefficient a 
Fixed parameters are X = 10 g/m^, Y = 20 g/m^,M = 
lOOg. Values of the intrinsic efficiency e and isotope 
effect coefficient a are given on the appropriate 
curves. The dashed linear extension when a # 1 is 
calculated from equation (ix). 
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Figure 5: Calculated variations of collection effi
ciencies with air volume for different values of 
effluent air humidity Fixed parameters are X = 10 
%lw?, M = lOOg, a = 1, e = 1 Values of effluent air 
humidity (Y g/m^) are given on the appropriate 
curves. The solid lines are calculated from equations 
(iv), (v) or (vu) with (vm). The hnear dashed 
extensions are from the approximate equation (ix) 

Figure 6' Outlme of experimental arrangement for measuring properties of vanous bubblers Tritiated water vapour 
was introduced into an air stream by passage through a series of bubblers (Bl) filled with tritiated water then diluted 
with dry air to give the requisite relative humidity. A metered flow was passed firstly, through the bubbler (E .̂) 
under test and secondly, through a series of bubblers (B3) to collect the activity escaping from the test bubbler A 
measured volume of 0.096 m ' was used throughout. The valves (FV) and rotameters (FI) were used for setting up 
the flow rates and for maintaining steady conditions. The wet-test meter (WTM) was used to measure the total 
volume of air passed by the test bubbler. During set up of the flows and aftet completion of a particular sample, the 
tritiated flow was diverted by valves (SV) through the second series of bubblers (B2) The water temperature (T) in 
the last Inflated source bubbler and the test bubbler were measured durmg each sample. The activity in the test 
bubbler and the activities in the series of bubblers collecting the escaped activity were determined by diluting the 
water in each bubbler to a known volume and measuring the activity m an ahquot with a liquid scintillation counter 
The expenmental efficiency was then A / / A ^ V B3V Sufficient members of the B3 senes were included in the 
measurement to ensure that the activity not accounted for was less than 1% of the total lost Generally, 2 were 
suffiaent. 
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Figure 8: Measured efficiencies of bubblers at various 
water temperatures. 

A — Bubbler with fritted glass disperser and M = 
200g. 

0 - Laboratory bubbler as in figure 1 with M^ = 50g. 
The solid and dashed curves are the lower limits to 
the respective efficiencies calculated assuming that e 
= 1 and a is the equilibrium value for the measured 
temperature. 

ith the smaller water masses and at the higher 
flow rates with the standard bubbler as might be expected. Nevertheless, even with only 25g of 
water e was greater than 0.93. In all cases with 200g of water as collector, the intrinsic efficiency 
was greater than 0.99. With the fritted bubblers which more finely dispersed the air in the water a 
reduction in e with decreasing MQ was not observed at the flow rate used. Indeed, the total 
efficiency was better than predicted from the sampling conditions alone. In this case and at the 
lowest flow rate in the standard bubbler, agitation and mixing of the water in the bubbler was 
noticeably less than in the other cases. The effective temperature of the water at the air/water 
interfaces may therefore have been lower than that of the bulk of the water, resulting in a lower 
effective value for Y, and accounting, in part, for the high collection efficiency observed. 

Clearly, the intrinsic efficiencies of even simple bubblers are high enough and are sufficiently 
independent of mass of water and flow rate for most practical purposes when used with air flow 
rates below lOC/min and water masses above 50g in these types of bubbler. 

Isotope effect coefficient (a) 

The specific activity of (HTO)y is known to be less than that of the water phase with which it 
is in equilibrium. The coefficient ranges from 0.86 at 0°C through 0.91 at 20°C to 0.94 at 
50°c(6,7)_ However equiUbrium conditions are not necessarily attained in a bubbler; the high 
efficiencies observed above (figure 7) are not completely explained by a's having equilibrium values. 
Appropriate values of a can be estimated for particular conditions from the initial rate of change of 
efficiency (E) with air volume (V) since, from equation ix, 

a= — 
This is demonstrated m the next section. 

Variation of collection efficiency with sampled air volume 

Figure 9 shows the results of two experiments in which the efficiencies of two bubblers were 
measured for various sampled air volumes under different conditions using the apparatus outlined in 
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Figure 7: Measured efficiencies with different quan
tities of sampling water for various bubblers at a fixed 
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minimum efficiencies calculated from equation (be) for 
all conditions used assuming an intrinsic efficiency e = 
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Figure 9: Measured inefficiencies of bubblers with M = 
200g, sampling at 6 fi/min for various total air volumes. 
Series A = X ~ 18 g/m^, Y ~ 2 3 g/m'. 
Series B = X ~ 3.4 g/m\ Y ~ 15 g/m'. 
Solid lines are calculated variations using values for a 
determined from the initial values of (dE/dV). For series 
A, a = 0.85, for series B, a = 0.71. Dashed lines are 
calculated from equation (ix) using the same conditions. 
The dotted lines are calculated using the ambient 
temperature (23°C) to determine Y and equilibrium a in 

oi o2 0.5 1.0 2 5̂ " 10 20 cquatlon (ix). 
AIR VOLUME m' 

figure 6 with the samples B3 being replaced periodically. The appropriate values of a were 
determined using equation (xi) from the initial slopes established by the experimental points. The 
curves for the complete experiment were calculated from equation (iv) and are drawn in figure 9. 
Note that linear approximations also on figure 9, using the ambient temperatures from which to 
estimate Y and the equihbrium values of a predict the efficiencies to within a few percent anyway. 
Of practical note here is that although carried out under similar ambient conditions, the evaporative 
self cooling of the series B with the drier input air results in a reduced loss rate and higher 
collection efficiency than in the A series. The actual bubbler bulk water temperature was about 3°C 
below the laboratory air temperature. 

Conclusion 

The most important parameters determining the overall collection efficiency for (HTO)^ of a 
bubbler are the intrinsic efficiency and the humidity of the effluent air. Deviation of the former 
from unity may be disregarded for a practicable range of air fiow rates, temperatures and bubbler 
types. The dependence of the efficiency upon the humidity lost in the effluent air may be linearly 
related to the total air flow with a precision adequate for most monitoring purposes. 
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A RUGGEDIZED ULTRASENSITIVE FIELD AIR SAMPLER 
FOR DIFFERENTIALLY DETERMINING TRITIUM OXIDE 

AND GAS IN AMBIENT AIR ATMOSPHERE 

R. Brown, H, Meyer, B. Robinson and 
Mound Laboratory* 
Miamisburg, Ohio 

W. E, Sheehan 

Abstract 

The instrument described is an operational, practical, rugged-
ized, ultrasensitive, tritium field air sampler assembled for the 
simultaneous, differential sampling of the environmental air for 
tritium oxide and elemental tritium. The system uses hardware 
assembled and packaged in such manner as to facilitate use in the 
field as well as in the laboratory. The sampling system occupies 
relatively small space and is simple to operate. The detection 
sensitivity approaches tritium background levels and is achieved by 
high volume sampling, efficient removal of tritium oxide and ele
mental tritium ("tritium gas"), and counting the recovered fractions 
by liquid scintillation spectrometry. 

Introduction 

The AEG standard for the maximum permissible concentration of 
tritium gas in uncontrolled areas is 200 times greater than for 
tritiated water vapor. Because of this difference, monitoring for 
tritium in the past at Mound, as well as at other locations, was 
for tritium as the oxide with the assumption that if the levels did 
not exceed the standard for the oxide, then the gas would be well 
within the standard. 

When tritium in the environment or releases of tritium to the 
environment are measured, a measurement of oxide or even total 
tritium would not be sufficient to determine whether concentration 
guides have been exceeded; measurement of both tritium gas and tri
tiated water are necessary. Numerous methods for monitoring tritium 
oxide have been reported, but the literature is scant concerning 
tritium gas measurements. Mound Laboratory's goal is to determine 
background levels of tritium oxide and gas, both from natural and 
artificial sources, and to establish a baseline to provide a means 
of measuring any tritium that might be inadvertently added from op
erations at Mound. 

General Description 

The Mound Laboratory total system designed by MRC, Dayton Lab
oratory, consists of a tritium field sampler and a separate labora
tory sample recovery system. 

Collection System A picture of the collection system is shown 
in Fig. 1. The collection system with sample inlet, sample outlet, 
and hydrogen inlet connections, mounted controls, and indicators 
occupies a space 44 in. wide, 16 in. deep, and 38 in. high. The' 

*Mound Laboratory is operated by Monsanto Research Corporation for 
the U. S. Atomic Energy Commission under Contract No, AT-33-1-GEN-53 
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Fig. 1 - Tritium sample collection system, 

sample collection/concentration bottles with protective wire-coated 
grid encasement are 3.88 in. in diameter and 17.55 in. overall length, 
The weight of the collection system, less bottles, is approximately 
135 lb. 
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Fig. Two-Station tritium sample recovery system. 

recovery system provides a laboratory facility for dry gas displace
ment or low pressure desorption of a collected sample at selected 
temperature and pressure into two cold traps in series. 

Results and Discussion 

Experience to date with the system at Mound Laboratory indi
cates that the silica gel used in the sample collection bottles must 
be thoroughly dehydrated prior to use. Typical air flow rate used 
in sampling has been 50 liters/min. At this flow rate, 750 g of 
silica gel in the collection bottles is adequate for a large volume 
grab sample in the range of 1500 to 3000 liters even under unfavor
able ambient conditions of high relative humidity and temperature. 
Preliminary results in calibration of the system indicate 97-99% of 
the water vapor in the sampled air is recovered using one oxide 
collection bottle. 

Seven hundred fifty grams of silica gel is also placed in the 
elemental tritium or gas collection bottles. The silica gel is 
coated with palladium black by adding 2 g of palladium powder to the 
750-g charge of silica gel and agitating the mixture thoroughly 
until the palladium powder is completely coated on the surfaces of 
the silica gel particles. As the ambient air stream passes through 
this collection bottle, hydrogen gaseous isotopes are reacted with 
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the palladium to form oxides. The reaction is: 

Pd 
2H2 + 02-^ 2H2O + A 

The resulting water is collected by the silica gel just as in the 
primary oxide collection bottles. 

The cryogenic moisture recovery traps employed in the recovery 
system use liquid nitrogen. Essentially all of the water driven off 
the catalytic collector is captured in the first cold trap. No 
visible moisture has occurred in the second cold trap. Moisture is 
recovered in the system in a simple reverse of the method of col
lection. Recovery is completed in 30 min with the collection bottle 
at a temperature at 300°C. The heating mantle and its associated 
control variac are used to obtain the desired temperature. When the 
moisture has been driven off the sample, the exit temperature de
creases. This temperature change can be monitored as the signal for 
desorption completion. 

The use of palladium black is preferable to copper oxide since 
palladium reacts with hydrogen at ambient temperatures, whereas 
copper oxide must be"heated before it'will react; Since silica gel 
was found to be satisfactory, no other desiccant was evaluated. 

Silica gel, as received from the manufacturer, contains resi
dual moisture, so it must be thoroughly baked out before using at a 
temperature high enough to condition the silica gel for use in a 
reasonable period of time but not at a temperature high enough to 
destroy its sorption properties. Tests performed in the development 
of this monitoring system showed that a one-hour bakeout at 300°C 
adequately removed the moisture without affecting sorption prop
erties. Normal residual moisture ranges from 0.03 to 0.07 g of water 
per gram of new silica gel . ̂  To date, silica gel has been reused 
since there has been no indication that the bakeout reduced the col
lection efficiency in subsequent runs using known aqueous solutions 
of tritium oxide.^ 

The efficiency of the procedure for the determination of tri
tium oxide was tested using the set-up shown in Fig. 3. Known solu
tions of varying tritium oxide content, assayed by liquid scintil
lation counting and calibrated against a National Bureau of Standards 
(NBS) tritium oxide standard, were placed in the container marked 
"tritium oxide". Air was pulled through the drying trap at a flow 
rate of 50 liters/min, during which time the standardized tritium 
oxide was evaporated into the air stream and collected in the oxide 
collection bottle. Results indicate an overall recovery of 97-99%. 

The efficiency of the procedure for the determination of ele
mental tritium was tested using the setup shown in Fig. 4. The flow 
rate of the calibration system was adjusted to 50 liters/min with 
valve #1 open and valves #2 and #3 closed. Hydrogen flow was ad
justed to 150 cc/min. The system was operated in this configuration 
for 20 min after which time valves #2 and #3 were opened and valve 
#1 was closed. The tritium gas sample standard flask was flushed 
for 10 min. Gas samples used in calibration were standardized 
against an NBS gas standard prepared from the NBS tritium oxide 
standard.^ At the end of 30 min the set-up was shut down, the 
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Flow Meter 

Air Intoke i^v—To Vacuum 
Pump 

Tritium 
Oxide 
Collection 
Bottle 

750 g Plain 
Silica Gel 

750 g Plain 
Silica Gel 

Fig. 3 - Setup used to test efficiency of tritium oxide collection. 

Flow Meter 

Air Intake 

750 g 750 g 
Plain Palladium 
Silica Gel Coated 

Silica Gel 
Hydrogen Palladium Coated 

Silica Gel 

Fig. 4 - Setup used to test efficiency of elemental tritum collection, 

collection flask containing the palladium-coated silica gel was re
moved, and the water was removed using the standard recovery pro
cedure. 

Two grams of palladium powder coated on the 750 g of silica gel 
are required to achieve recoveries in excess of 90% in the collec
tion bottle. One gram of palladium powder achieved only 53 to 80.5% 
overall recovery in the collection bottle. 
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Florida** and is adequate for an effective environmental oxide 
monitoring program. 

A sensitivity of 0.6 x IQ-^^ yCi/cc of air is attainable for 
all samples containing elemental tritium since the total water in 
the collected gas sample can be controlled to a volume of 10 ml, all 
of which can be counted. The carrier hydrogen must be used to ob
tain sufficient water for analysis. Theoretically, 600 cc of hydro
gen carrier gas produce 0.5 cc of water. 

The use of silica gel, or other desiccants, for air sampling 
presents a "memory effect" that must be taken into consideration. 
The memory effect results from the fact that complete moisture 
desorption of silica gel is not attainable. The tritium content of 
the residual moisture will affect the results of each air sample 
collected. This factor has not been completely investigated with 
this sampling system, but based on limited data obtained to date, 
it appears that about 1% of the moisture from tritium oxide samples 
and from 3 to 10% of the moisture from tritium gas samples is not 
removed. In accurate sampling the memory effect can be corrected 
for by passing vapor of known tritium concentration through the 
sample collection bottle while it is being baked out under vacuum. 
Sufficient moisture is passed on to the silica gel to assure that 
all residual moisture is "pushed out" and replaced. When the sample 
collection bottle is used, the sample data are corrected to account 
for the controlled, known residual or background moisture and its 
tritium content. 
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COMPARISON OF ALBEDO DOSIMETERS AND NUCLEAR 
TRACK DETECTORS FOR NEUTRON MONITORING 

E. Piesch, and B. Burgkhardt 
Health Physics Division 

Karlsruhe Nuclear Research Center, Fed. Rep. Germany 

1. Abstract 

The albedo neutron dosimeters so far used in personal dosimetry provided 
oversensitive indications of intermediate and thermal neutrons. Therefore, 
correction factors dependent on the location had to be used to assess the dose 
equivalent (Harveyi, Hoy^). An albedo dosimeter tested at the Karlsruhe Nuclear 
Research Center showed promising results in measuring the dose equivalent of 
fast neutrons^ "*. Intercomparison measurements with nuclear track detectors were 
performed to indicate the dosimeter response, influence of the energy dependence 
and of the direction of the radiation incidence on the dosimeter reading. 

2. Dosimeter and Radiation Sources 

In a LiF-albedo dosimeter the thermal neutrons moderated and backscattered 
in the body of the wearer are detected by the *Li (n,a)-reaction. If a pair of 
dosimeters Is used, the neutron fraction of the reading is obtained from the 
difference in readings between a TLD-600 dosimeter (neutron + ydose reading) 
and a TLD-700 dosimeter (y-dose reading). 

Albedo dosimeters so far have been used preferably for the detection of 
intermediate and thermal neutrons. The detection response to fast neutrons is 
approximately 5 ^ of the response to thermal neutrons, but still 5o % of the 
y-response. In this way, a LiF-albedo dosimeter is capable of detecting the 
dose equivalent of neutrons and of gamma rays over a dose range between 2o mrem 
and more than looo rem. 

The following dosimeters were used for intercomparison measurements (cf. 
Table 1): 
- Albedo neutron dosimeter according to Harvey: Absorption of incident thermal 

neutrons by means of a boron capsule^. A pair of Harshaw ribbons of 
3 x 3 x 1 mm^ size were used. 

- Single albedo dosimeter: 
Separate measurement of incident 
neutrons (D2) outside the boron 
capsule and neutrons back-
scattered from the body (Di) 
within the boron capsule by 
means of one pair of dosi
meters each"*. 

- Albedo dosimeter system: 
Reduction of the influence of 
the body by wearing a dosi
meter belt with one single 
albedo dosimeter each on the 
front and back of the body^ **. Tab.l: Neutron detector characteristic 
A functional relationship found 

Detector 

Kodak NTA Film 
*"Np+Makrofol E 
Cto yg/cm') 
*'*Th+Makrofol E 
(o.o5 mm foil) 
Albedo Dosimeter 

Harvey 
Single Albedo 
DosImeter 
Albedo Dosimeter 

System 

Energy 

> 0.7 MeV 
> 0.75 MeV 

> 1.2 MeV 

"th' "1 
and 

> loo keV 

-111 MeV 

response 

2 M o * tracks/cm*-rem*) 
k tracks/cm*•rem *) 

37 tracks/cm*»rem *) 

< I0 R/rem 

0.5 R/rem 

0.5^ R/rem 

) Fluence-Dose conversion factor for track detectors 
2.86 • I0' n/cm' • rem 
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Pos11 ion 

No. 

7 
8 

9 
1o 
11 
12 
13 

111 
'5 
16 
17 

1 
2 
3 
i| 
5 
6 

1 
2 
3 
k 
5 
6 
7 

Source 

' " C f In air 
+ 5 cm Pb 
+ 5 cm Al 
+ 5 cm Fe 
+ 16 cm Fe 
+ 5 cm PVC 
+ 11 cm PVC 
+ 5 cm Concrete 

» " C f in air 
8 cm wal1 d i stance 
1 m 
2 m 
3 m 
l4 m 

* " C f behind water layers of 
li cm 

12.5 cm 
43 cm 
51 cm 

" • P u - B e in air 

1n a sma11 room; 

\k MeV In ai r 

behind concrete {ko cm) 

D i stance 
source-
detector 

' 2 m 

1 m 

' 2 m 

1 m 
2 m 
1 m 
2.3 m 
2.2 m 
3.6 m 

2o cm 
3o cm 
ik cm 
1 m 
1.5 m 
2 m 
3 m 

Tab.2: Sources and exposure positions 

experimentally between Di and 
D2/D1 is used for correction: 
D = 1< x Di 

- Kodai< NTA Type A nuclear emulsion 
welded in aluminium-plastic foil 
for the detection of fast neutrons 
> 0.7 MeV. 

- ^"Np + Makrofol for the detection 
of fast neutrons > 0.75 MeV 
and 

- ^^^Th + Mal<rofol for the detection 
of fast neutrons > 1.2 MeV by 
counting of fission fragment 
tracl<s. 

The exposures were performed 
with a human phantom (water bottles 
of 2o cm diameter, ^o cm height) at 
l.'t m above ground with radiation 
incidence from the front, the sides 
and the back (0°, 90°, 180°, 270°). 
The respective dose equivalent were 
measured with an Anderson-Braun type 
rem-counter at the point of exposure 
of the phantom. In the case of 
14 MeV neutrons also activation and 
threshold detectors were used. The 
rem-counter and the nuclear track 
detectors were calibrated in free 
air with an Am-Be-source of known 
source intensity. 

Table 2 contains further details about the exposure positions. Irradiation 
with a ^^^Cf-source of 1 mg was performed in free air and behind shieldings of 
PVC, concrete, aluminium, iron and lead. The source was set up at distances 
between 8 cm and k m from a concrete wall (wall effect), the distance of the 
detector remaining constant, or was suspended into a water tank of 6o cm dia
meter directly opposite the detector to generate water layers of different thick
nesses ranging between h and 51 cm. 

Irradiations with ^^^Pu-Be neutrons were performed in free air and in a 
small chamber of 2 x 3 m^, the source being located in one corner of the room. 
]k MeV neutrons were used for irradiation in free air and behind a wall, 
respectively. Exposures in a heavy water moderated power reactor (Obrigheim 
Nuclear Power Station) were performed directly on top of the reactor core out
side the biological shield. Exposures in the FR 2 research reactor were per
formed in accessible places between the concrete and paraffin shields for in-
pi le experiments in horizontal beamholes. 

3. Measured Results for Fast Neutrons 

3.1 Nuclear Track Detectors 

Figure 1 is a diagram of the reading of nuclear track detectors referred to 
the reading of the rem-counter for various exposure conditions. Due to fading 
within two weeks, the results obtained with the nuclear track emulsion are 
below of 6o %. An iron shield of 16 cm reduces the average neutron energy of the 
fission spectrum from 1.9 MeV to 0.88 MeV^. Here the NTA-film had higher fading 
and lower response, thus indicating only 25 % of the free air exposure. Because 
of the fading, the energy threshold of the NTA film is higher than in the ^^^Th-
detector. The reading of the ̂ '^Th-detector for fission neutrons is lower by a 
factor of 2, while for ]k MeV neutrons it is only slightly higher than for Pu-Be 
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Fig.2: Relative dosimeter reading of albedo neutron dosimeters after 
phantom irradiations with ^^^Cf-, ^^®Pu-Be and 14 MeV neutrons 
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neutrons despite the high (n,f)-cross section, due to the fluence-dose conver
sion factor. 

The deviation of the ̂ ^^Np reading from the reading of the rem-counter is 
between +50 % and -3o ̂ . For 14 MeV neutrons, the deviations are larger because 
of the fluence-dose conversion factor. For radiation incidence under 90° nuclear 
track detectors in most cases indicate between 75 % and 45 % of the reading ob
tained by incidence upon the front. 

3.2 Albedo Neutron Dosimeter (see Figure 2) 

Because of its oversensitivity to thermal and intermediate neutrons, the 
albedo dosimeter according to Harvey indicates up to a factor of 6 more than the 
rem-counter. However, a modification of the fission neutron spectrum by 5 cm of 
shielding results in deviations only within ± 30 %. In single albedo dosimeters 
the energy dependence and the influence of scattered thermal neutrons from the 
environment are reduced. For front incidence a deviation in readings for fission 
neutrons is found to be within ± 40 %. For 14 MeV neutrons different correction 
factors were used'*. As in nuclear track detectors, dosimeter readings between 
75 ^ and 45 % of the reading obtained in free air were found for radiation in
cidence under 90 . The albedo dosimeter system reduces the influence of the 
direction dependence to approximately ± 15 ̂  for radiation incidences under 0 , 
90°, 270° and 180°. The total influence of the error due to energy and direction 
dependence of the dosimeter reading accordingly is ± 30 % for a dosimeter belt 
with two albedo dosimeters. 
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4. Results Measured at Reactor Sites (see Figure 3) 

Chiefly thermal and intermediate neutrons are encountered near reactors, 
which requires correction factors to be applied in the evaluation of albedo 
dosimeters which depend on the location^ .̂ The dosimeter reading varies by 
up to a factor of 2 in the case of incidence on the front near a power reactor 
and by a factor of up to 4 when measured near a research reactor. Harvey dosi
meters have maximum sensitivities of 5 and 9 R/rem, respectively. In single 
albedo dosimeters this value is reduced to 2 and 5 R/rem, respectively. In 
albedo dosimeter systems the dosimeter reading shows a maximum variation of a 
factor of 2.5 except for the first two irradiation positions in the FR 2 rese
arch reactor. The maximum sensitivity is 2.5 R/rem. The albedo dosimeter system 
has the advantage of a non-directional dose reading for all radiation incidences 
between 0° and 180°. However the more .unfavorable conditions existing near beam-
holes of research reactors are in no way representative for a personnel moni
toring at reactors. 

5. Summary 

Because of the sometimes relatively high dose fraction of intermediate 
neutrons, location dependent correction factors must be taken into account in 
personnel monitoring at reactors by means of albedo dosimeters (corrections by 
up to a factor of 5)• Because of the energy threshold, nuclear track detectors 
cannot be used for this purpose. In extreme cases, corrections by up to a factor 
of 10 are required near beamholes. This must be anticipated also in the energy 
range of intermediate neutrons from the calculated response of the dosimeter 
reading (see"*, including results f rom^). 

Albedo neutron dosimeters can be applied preferably to personnel monitoring 
near neutron sources in the range of energy between some 100 keV and 14 MeV. 
The readings are comparable to those obtained from a ^^^Np detector with respect 
to energy and direction dependence, while ^^^Th and the NTA-film show more un
favorable results because of the energy dependence and the energy dependence 
plus fading, respectively. For 14 MeV neutrons, ^^^Pu-Be neutrons and ^^^Cf-
neutrons, a maximum deviation of ± 30 ^ was ascertained for the albedo dosimeter 
system, which is due to influences of scattered radiation, the neutron spectrum, 
and differences in the direction of radiation incidence between 0° and 180°. 
Compared with nuclear track detectors, albedo dosimeters have the advantage of 
a broader range of measurement (between 20 mrem and in excess of 1,000 rem), 
higher measuring accuracy (± 3 ^ ) . no energy threshold (with a detection of the 
correct dose > 100 keV), simple evaluation and simultaneous indication of the 
gamma dose. 

Acknowledgments 

We wish to thank Mr. J. Vaane for giving us the opportunity to performe 
irradiations In the laboratories of the European Institute for Transuranium 
Elements at Karlsruhe. We gratefully acknowledge the assistance of Mrs. B. Baur 
and Mrs. I. Hofmann in the careful evaluation of the detectors. 

References 

Harvey, J.R.: Report RD/B/N 827, 1967, Report RD/B/N 1547, 1970 
Hoy, J.E.: Health Physics 23, 385, 1972, Report DP-1277, 1972 
Piesch, E., Burgkhardt, B., Vaane, J.: Report KFK 1666, 1972 
Piesch, E., Burgkhardt, B.: IAEA-Symposium on Neutron Monitoring 1972 
Makra, S.: Private communication 
Alsmiller, R.G., Barish, J.: ORNL-4800, p. 67-69, 1972 

1445 



HEHOTDPhlE nEPCnEHTMBbI nPMMEHEHM/l HPEriHHEBblX 
AETEHTnPQB H0[̂ H3MPy,:3^HX H3JiyMEHHn B HCC;1EA0-

BAHMFIX no PAAHAUHnHHn'̂  3AUHTE 

A . A . n B T y u j K O B , B . A . M a H M y K 

MHCTMTyT rMTMBHU T p y f l a M npoc|)3a6o.nBBaHMM AMH CCCP. 
M o c H B a . CCCP. 

The possibility oi' application of pulse rate measurements 
for X- and gaiana - ray dosimetry with silicon radiation detec
tors was investigated. It was shown that this mode of operation 
ensures the sensitivity of 10~" r.min"'' for the detectors used 
in this work, andit is possible to decrease the energy dependence 
of sensitivity, for use in many radiation protection inves
tigations by increasing the discrimination threshold. The gene
ral expression which can be used for rough estimates of sensiti
vity for these detectors was determined. 

The background count rate of surface barrier detectors with 
different sensitive area from 0.2 to 6o cm^ in alpha particles 
energy interval 3-9 MeV was determined. It was suggested for 
health physics and radiation protection monitoring of alpha-
particles and simultaneous spectrometry to use the raozaic probe 
with large sensitive area {'^ 60 cm^) which consists of many 
parallel united detectors one of which could be eliminated for 
speetrometric measurements. 

Tanapb ywe xopoiuo M 3 B B C T H O , HTQ Heo^HopoflHUB npenHMBBbiB fls-
TBHTopbi nflBpHhix M3.nyHBHMM BO MHOTMX cnyHaHX oSecnBHMBaKiT npsMMy-
m e C T B a npM MCnO/ lbaOaaHMM M X fl.nH fl03MM8TpMM M p a f l M O ^ B T p M H B M c c / i e -
floaaHHFix no paf lMaqMOHHOM a a i u M T e . T B M H B I ^ B H B B , p a f l H a n p a a / i s H M M 
BOSMOWHOrO MX npMMBHBHMH M3yHBH 8LI48 H BflO CT aTO H HO, HTO M f lBM/lOCb 
OCHOBaHMBM fl/lH HaCT0FIU4SH p a S O T b l . 

i],03MMETPMR PEHTrEHQBCHOrO H rAMMA-M3;iyHEHHfl 
c Hcnn;ib3n3AHHEM HnnyjibCHnro PEVHMMA PABOTU 

HPEMHMEBhIX J],ETEHTnPOB. 

C/ i ymda paf lMaMMOHHof i S s a o n a c H o c T M fljin K O H T p o / i n paf lMauMOHHOM 
o d c T a H O B H M H y w f l a B T C f i B M a ; i o r a 6 a p M T H O M floani^BTpB p B H T r e H O B C H o r o 
M r a i ^ M a MSJ i ynaHMH, odecnsHMBaramBM MSMapsHMfi a lUMpoHOfi flMana30He 
I-^OIUHOCTBM 3HCn03MHM0HHblX fl03 . O f lHaHO, M HT B T p a / l bHbIM pBmM(-l p a d O T N 
TaHMX flSTBKTOpOB, HOf lpodHO M3yH8HHb>IM pHflOM aSTOpOB ( 1 , 2 , 3 M flp . ) , 
o d . n a f l a 8 T H M 3 H O M s y B C T S M T B / i b H o c T b i o , orpaHMHMBaramBM M C n o ; i b 3 0 B a H M 8 
MX fl;iFl OI48HHM paf lMaHMOHHOH O d C T a H O B H H . C 14B/lbra MSyHSHMH B 0 3 M 0 m -
H O C T M C03flaHMFI fl03MM8Tpa C d0 .n88 BblCOHOM Hy B CT B M TB/ l b HO CTbKD , B U -
n o ; i H 8 H b i M C c n e f l o a a H M H C H B T H O T O pamMMa p a d o T y 3 0 / i o T o - H p 8 M H M 8 B b i x 
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M Hp8MHMM-/ lMTMBBblX flBTBKTOpOB. MSMBpn / i aCb MX My B CT BM TB / l b HOCT b 
( BbipamBHHaH B CKOpOCTM CHSTa Ha ef lHHMLiy 3HCn03MUM0HH0M flOBbi) M 
aasMCMMOcTb B B O T a M n ; i M T y f l H o r o n o p o r a p s r M C T p a q M M M M n y / i b c o B , a 
TaHWe O d c y W f l a B T C n CnOCOd O L J B H H M ae/lMHMHbl HyBCTBMTB/ lbHOCTM p a c H B T -
HbiM n y T e n . 

CnOpOCTb CHSTa n a SflMHHUy 3HCn03MI4M0HH0M flOBbI MOmST dblTb 
BbipamBHa C O O T H O U J B H M B M : _ / i „~/^Si" 

Jk- r ' ~^ * ( I ) 
PS ^^M*<">B03R. ' 

r f l s H o - C K o p o c T b CHSTa npM y p o s H s flHCHpMriMHauMM, paBHOM Hy; iK j ; 
P - MOOlHOCTb 3HCn03Ml4MOHHOM flOBbI} E0 - S H S p r H H 0OTOHOB; ^$1 - /I M-
HBMHblM H03(t)l|)MqMBHT OC/ iad/ lBHMH B Kp BMH M M jyU KfTI g 3 3 ^ , - MaCCOBbIM K 0 3 $ -
(IJMUMSHT n s p S f l a H M SHSprMM B B O S f l y X B ; d - lUMpMHa HyBCTBMTB/ lbHOM 
o d . n a c T H , S - n / i o i u a f l b H y s c T S M T B / i b H O M n o a s p x H o c T M flBTSKTopa. f i p a f l -
C T a e / i H B T M H T B p s c B ; I M H H M B BS/iMHMHbi H o p o r a p e r M C T p a n M M ( y p O B H H 
ann / lMTy f lHOM flMCHpMi^MHaL(MM ) MMny; ibCOB Ha HyBCTBMTe / l bHOCTb M " x o f l 
c macTHOCTbra", 

D603HaHMM HBpBS Tl|-, CHOpOCTb CHBTa npM HOpOTB pSTMCTpaLlMM Ep,. 
3 H H T s p a a / i s a n a p r M H ^ O T O H O B £(»,= ( 0 , 1 + 3 ) M 3 B B K P B M H M M n p s o d / i a f l a s T 
HOnnTOHOBCHMM at^S^BHT B3 aM MOflSM CT B H fl . T o T f l a , B c j i y H a s Of lHOKpaTHOrO 
p a c c a n H M f i M n p n To.nu4MHB H y s c T S M T e / i b H o r o C / I O F I , n p a s o c x o f l f i i n e H M B H -
CMMa.nbHbm n p o d s r B T O P M H H B I X S / I B H T P O H O B , MHTBrpa ; ibHb iM c n s K T p M M n y ; i b -
c o B B n a p a o M npMd/ iMwsHMM n o w s T dbiTb n p s f l C T a a / i s H npHMOM / I H H M B H , n s -
pscsKarau^BM s H s p r s T M H s c H y i o o c b B TQHHs-MaHCMMa/ ibHOH s H s p r M M H o n n -
TOHOBCKMX S/ lBKTpOHOB E|v,aj<, 3 OCb CKOpOCTM CHBTa - B T0HH8 
AHa.nMTMHBCHM TaHaO /IMHMH Hp Bf lCT a B Jl H 6T C H BbipamBHM BM S n | - ] = n r ) ( 1 ~ 
T o r f l a SaBMCMMOCTb HyBCTBMTe; ibHOCTM OT ypOBHFl flMCHpMMMHai^MM 
MomHO Bb ipasMTb cooTHOLueHMsr i ! „ ^ ^MsA r 

P n - - l - g ^ M tn ) . 
P S E<pJJiKm^o3a EmAX^ ' ( 2 ) 

CoOTBBTCTByraU^MS SHCnepMMBHTa/ lbHb lS MCC;ief lOBaHMH BbinO/IHeHbl c 
30 ; i 0T0 -HpBMHMBBb lMM M HpSM H M M - ;i M T M 8 BhlMM flBTBHTOpaMM, OT/I M H SKIÛ M MM C Fl 
TO;iLL(MHOM Hy B CT B M T 8/1 b HOTO C/ IOH. 

H3MBpn/1MCb flM(t)(|)Sp8H14Ma;ibHblB CnSHTpb l BTOpMHHblX 3 / l B K T p o H O B , nO 
HOTOpbIM CTpOM/lMCb HpMBblB BaBMCMMOCTM HyBCTBMTB/ lbHOCTM OT ypOBHH 
flMCHpMMMHaHMM fl/lR LU8CTM pa3/ lMHHblX BHaHBHMM TO/llHMHbl Hy B CT B MT S/1 b -
HOM o d / i a c T M B M H T a p a a / i B ( 0 , 0 4 + 0 , 2 ) C M . 

Ha p M C . 1 npMBBf lBHbi S H c n a p M M e H T a / i b H b i B p a a y / i b T a T b i fl/in To/iinMHbi 
0 , 0 8 M 0 , 2 CM B CpaBHBHMM C flaHHbIMM, p a C C H M Ta H HbIMM HO l})OpMy/lB ( 2 ) . 

SnaHSHMR H y B C T B M T B / l b H O C T M , nO/ iyHBHHbl8 B 3HCnBpMMSHTe fl/lfl BC8X 
MCnO/lbSQBaHHblX TO/lLi^MH Hy B CT B M TB/I b HOTO C/ lOB, OT/lMHaKDTCfl OT p a C H S T " 
HblX Ha CfiaHTOp 2 M MBHbUJB, a CaMO OTH/IOHBHMS HQCMT CM CT BMaTM H 8 CHM M 
x a p a K T B p . T a n o s p a c x o w f l S H M S o n p s f l e / i R S T C F i , n o - S M f l M M O M y , cMBmeHMsn 
U B H T p a TFiwecTH p s a / i b H o r o c n s H T p a M M n y / i b c o B no O T H O I U S H M H ] H M f l s a / i M -
s M p o a a H H O M y B o d / i a c T b H M S K M X s H s p r M M B T O P M H H U X 3 / i s H T 4 3 0 H a B . r io 
3TOM W8 npMHMHB paCXOWflBHMB n p 0 f l B / l H 8 T TBHflBHUMIO H yMSHbUjaHMK) npM 
cHMmeHMM n o D o r a p e r M C T p a u M M , a sHaHSHMH H y s c T B H T B / i b H o c T H npM n o 
p o r a , paBHOM Hy/ i ra , n o / i y H B H H b i e s H C T p a n o / i a q M B H s H c n e p M M S H T a / i b H b i x 
HpMBblX, OT/lMHaWTCR OT paCHBTHblX HS d O / 1 8 8 , HBM Ha 3 0 + 4 0 % , HTO 
Haxo f lMTCR B npefl^enax a H c n a p M M B H T a / i b H O M oujMdHM M S M B P S H M R M n o r p s m -
HOCTM B OnpSf lS/ lSHMM Be/lMHMHbl TO/lLL(MHbl Hy B CT B MT 8/1 b HO TO C / lO f l . 

C / i B f l o a a T B / i b H O , c|)opMy/iy ( 2 ) Momno M c n o / i b s o a a T b fl/iR r p y d o M 
OI48HKM HyBCTBMTB/ lbHOCTM C H B T H O r o pSWMMa padOThI KpeMHMBBblX flSTBH-
TOpOB ( c TO/lLL(MHOM Hy B CT B M T B/1 b HO TO C/IOR 0 , 0 4 C M ) B HaHBCTBS flO" 
3 M M e T p O B . 

C i4e/ihra Mcc / ie f lOBaHMR n o p o r a pBrMCTpa i4MM M M n y / i b c o a Ha " x o f l c 
m S C T K O C T b r a " , n o tpOpMy/ ie ( 2 ) CTpOM/lMCb KpMBUe aaSMCMMOCTM H y S C T B M -
T8/1bH0CTM OT BHepPMM (flOTOHOB npM pa3/ lMHHblX ypOBHRX flM CHpM MM H ai4 M M 
(pMC. 2 ) . Kan noHaaano na pMcyHHe, "xofl c wecTHOcTbra" cymscTssHHo 
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aaBHCMT OT ypOBHH flHCKpHMMHai4HM, HTO flaST BOSMOWHOCTb nOHHmaTb 
s r o B M 3 B s c T H b i x n p s f l B / i a x ( f l / iR M H T s p a a / i a s H s n r M M 0 , 3 + 3 . r i 3 B e n / i o T b 
flO ± 2 5 % ) , n p a S f l a , s a C H B T H S K O T O p o r O yMBHbUJBHMR HyBCTBMTS/ lbHOCTM , 
M npMMBHRTb HpBMHMeBHS flBTBHTOpbl B fl03MM8TpMM nO/IBM C HSdO/lbLUMM 
r p a f l M B H T O M H a H B C T B a . Ha p M C . 2 . n p H a a f l s H b i s H c n a p M M S H T a / i b H b i e s H a -
HSHHH flOSOBOM HyBCTBMTB/ lbHOCTM fl/IR SHBprMM (JJOTOHOB 0 , 6 6 1 M 
1,25 MsB. Ms pMcyHHa BMAHO, HTO npM nspsxofle OT sHsprHM 0,661 HSB 
H 1,25 MSB C noporoM perMCTpanMH 0,15 MSB nyacTBHTB/ibHocTb yMSHb-
masTCFi B (2,0 + 0,4) pasa no cpaaHeHHia c 1,9, no/iyneHHUM a pacHSTs, 
a npH nopors 0,3 Mas - B (1,4i0,3) pasa npoTMB pacHSTHoro 1,3. 

OflHMM M3 H p M T S p M B B , Onp Bf lB/ l RH3LUM X O d / i a C T b npMMBHBHMR fl03MM8T-
p a , RB/ iRBTCR MHTSDoa/ i MOU4HOCT8H fl03, flocTynHbix MSMspsHMra. M a n c M -
Ma/lbHblH y p O B S H b pSTMCTpHpyeMb lX HpBMHHBBbIM flSTBHTOpOB B CHSTHOM 
PSIMMMS MOU4HOCT8M fl03 OrpaHMHMBaSTCR p 3 3 0 eiljaiOU4H M BpBMBHBM M C n O / l b -
SySMblX MMny/ lbCHblX 3/1SKTpOHHblX CXBM H COCTaB/ lRBT OKO/10 ( 0 , 1 - 0 , 0 1 ) p ' 
M M H " ' ' . H M W H H H n p S f l S / l HyBCTBMTB/ lbHOCTM O n p B f l S / l R BT CR H a p R f l y C T B O -
MBTpMHBCHMMM n a p a M B T p a M M flSTBHTOpa (n/ lOLUaf lb M TO/llUMHa H y B C T B M T 8 / l b -
HOM O d / l a C T M ) , s r o ftlOHOBOH CHOpOCTbH] C H B T a . MMHMMa/lbHaR MOLUHOCTb 
3HCn03Ml4MOHHOM fl03H, flOCTVnHaR MBMSpeHMfO H CnO/1 b 3 O B a H HblMH B flaHHOM 
p a d O T B flSTSKTOpaMM, CDCTae / lRBT 1 0 ~ B P ' M M H " ' . 

Do / iyHBHHblB flaHHblB COr / i aCymTCR C T B M H OTpbieOHHUMH CBBflBHMRMM 
OTHOCMTB/lbHO Hy B CT BH TB/ lbHOCTH , KOTOpbIB Ony d/IM KO B 3 Hb! B p a d O T a X 4 , 5 . 

P a s y / i b T a T b i HacTORu^SM p a d o T W n o n a s a / i M , H T O c o H S T a H M S M H T e r p a / i b -
HOrO M CHBTHOrO PSWMMOB flaST BOBMOmHOCTb BbinO/IHRTb MBMSpSHMR B 
flHanasoHS M O I U H O C T B H S H c n o s M U M O H H u x fl03 ( 1 0 ~ 6 + 1 0 2 ) p . M M H ~ ' c n o -
Mou4bKi Q f l H o r o M TOTo MB flBTBHTopa ( s B C b M a Ma/ibix p a s M s p o a ) , a B b i d o -
poM n o p o r a p s r H C T p a q H H y c T a H O B M T b " x o f l c w B C T H o c T b r a " , H B n p s B u u j a i o -
mSM 1 2 5 % OT C p S f l H S r O SHansHMH HyBCTBMTS/ lbHOCTM B H H T B p B a / l B S H S p -
PMM ( 0 , 3 + 3 ) M 3 B . 

PAAHOMETPHH c nnfiniijb'o nn;iynpnBO.T,HHHnBbix 
30;i0T0-HPEMHHEBblX AETEHTOPOB B HCC;iE,0,Q-

BAHMFIX PAAHAU'K10HHD'.~1 OBCTAHnSHM. 

HSMBPSHHR Ma/lblX aKTMBHOCTSM H MflSHTH (J5M Hai4M fl MX MSOTOnHOrO 
c o c T a s a CBRsaHbi c H c n o / i b s o B a H M S M a n n a p a T y p b i , od/ ia f lara i f lSM xopou jMM 
S H e p r S T H H e C H H M paSpBLUeHMBM M BblCOHOM Hy B CT BH TB/1 b HO CTblO H K O H -
KpSTHOMy BMfly M 3 / i y H S H H R . HaK H 3 B 8 C T H 0 , Hy B CT BH TB/1 bHO CT b p a f l M Q -
MBTpHHBCKOH a n n a p a T y p b i OnpSf lS / IRBTCR raOMBTpMHaCHOM H (l)M3HHBCKOM 
3(t)(J)8HTMBHOCTbK3 p S T H C T p a q M H MS/ iyHBHMfl H (|)OHOBOM CHOpoCTbKl C H B T a , 
HOTOpaR y nO/ iynpOBOf lHMKOBblX flSTSHTOpOS, OHBBMf lHO, B OnpS f lS / I BH HOM 
CTBnSHH SaBHCHT OT yC/lOBHM MX M3 POTOB/ISHM fl M p af lH 314 H 0 HH OH H a C T O " 
Tbl HOHCTpyKl4MOHHblX M a T S p H a / l O B . 

npOBBf lSHO HCC/ lB f lOaaHHS (l)OHOBOM CKOpOCTM CHSTa OT B HB CT B 8 H HblX 
n O B S p X H O C T H O - f i a p b a p H b l X SO/ lOTO-KpSMHMeBUX flBTBKTOpOB C n/10U4aflbia 
padOHBH nOBSpXHOCTM ( S ) OT 0 , 2 flO 9 C M 2 M MOSaHHHUX c T p y K T y p Ha 
MX 0 C H 0 B 8 c n/iOLJ4aflbK) flo 6 0 C M 2 , a T a n m s flM(t)(t3y3MOHHO-flpBM(})OBbix 
HpBMHHH- / lHTH8Bb lX flBTSKTOpOB C S = 0 , 3 + 3 CM^ H TO/llflHHQM Hy B CT BMTB/1 b -
HOM Od/ iaCTH OT 0 , 4 flO 2 MM. 3 H 8 p r 8 T H H 8 C K O B paBpBUJSHMB OTf lS/ lbHblX 
flSTBKTOpOB npM KOMHaTHOH T B M n S p a T y p S ( + 2 0 O C ) COCTaB/ ia /10 OT 3 0 flO 
160 H3B. 

O d H a p y m s H o , H T O B o d / t a c T M s H s p r n M 3 + 9 M S B , flB/iflrau4BMCfl p a d o -
H8M Od/ iaCTb ia fl/IR a / l b ^ a - C n S H T p O M S T p M M paf lHOaHTMBHblX H 3 0 T 0 n 0 B , 
M H T s r p a / i b H a H ( t ioHoaaf l c K o p o c T b C H S T B nan o T f l B / i b H b i x S O / I O T O - K O B M H M B -
Bbix flSTSKTopoB c n/ ioi i4af lbio p a d o H B M n o a e p x H o c T H O T 1 flo 9 C M ^ , r a n 
H r p y n n u n a p a / i / i s / i b H O c o e f l M H S H H u x flsTSHTopoe c odu4BM n/iou4aflbra flo 
6 0 C M 2 , n p o n o p u M o H a / i b H a B S / I M H M H B S M c o c T a e / i R S T ( 0 , 2 2 i 0 , 0 2 ) H a c " ' ' c M i 
npMMBpHO 1 / 3 3TOH BB/lMHMHhl Ody C/l O B/I BHa 3MaHai4MflMH M a 3 p 0 3 0 / ! R M H , 
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M HpeMHHM-/ lHTHBBblX flBTBHTOpOB. HsMSpf l / iaCfa MX Hy B CT BH TB/I b HOCT b 
(Bb ipamSHHaf l B CHOpOCTH CHBTa Ha 8flMHML4y 3KCn03Ml4MOHHOH flOSbl) M 
BaBMCHMocTb BB OT a M n / i M T y f l H o T O n o p o T a p s r H C T p a q M H H M n y / i b c o B , a 
T a n m s o d c y m f l a s T C R c n o c o d O L 4 B H K M BB/iMHMHy n y a c T B H T s / i b H o c T M p a c n e T -
HbiM n y T S M . 

CnOpOCTb CHBTa Ha BflMHHUy 3HCn03MLlM0HH0H flOBbI MOW8T dblTb 
BbipawBHa C O O T H O L U B H M B M : _ /i rT^sfl 

JJa.- JLz^ • ( I ) 
PS E<)jAiKmBo3jj_ ' 

Tf lB H o - CHOpOCTb CHBTa npM y p O B H B flM CHpMMH H ai4M M , pasHOM Hy/ iH j ; 
P - MOlMHOCTb 3HCn03M14M0HH0M flOSbi; E (|, - S H S p r M f l 0OTOHOB; ^si ~ ^^~ 
HBMHblM KO3(])0M14MBHT OC/ iad / lBHHf l B HpBMHH M ; ^ KITJ 0 9 3 ^ , - MaCCOBbIM H03(!) -
fHUMBHT n a p S f l a H H SHSprMM B B O S f l y X e ; d - lUMpMHa SyBCTBHTB/ lbHOH 
o d / i a c T H , S - n / i o i f l a f l b H y a c T B H T e / i b H O M n o s s p x H o c T M flSTBKTopa. f l p s f l -
C T a B / l R 8 T MHTSpaC B/IMRHHB BB/lMHHHbl n o p O P a pBTMCTpaHMM ( y p O B H R 
aMn/ lMTyf lHOM flMCHpHMMHaqMM ) MMny/ lbCOB Ha Hy BCTBMTB/ lbHOCTb M " x O f l 
C WBCTHOCTblo" . 

OdoBHaHMM H s p s s Tin C K o p o c T b CHBTa npM n o p o r e p s r M C T p a u M H Ep,. 
B H H T s p s a / i B s H B p r M M (fiOTOHOB E(jj = ( 0 , 1 + 3 ) M s B B HpBMHMH n p s o d / i a f l a s T 
HOMnTOHOBCHHH 3(!)t!)8HT B 3 BH MOflS M CT B H fl . T o T f l a , B C / i yHaS Of lHOHpaTHOTO 
paCCBRHHf l H npM TO/III4MHS H y B C T B M T B / l b H O r O C/ IOf l , n p 8 BOCXOflfll i lSM M a H " 
cHMa/ ibHbiM n p o d e r B T o p n H H b i x B / I S K T P O H O B , H H T a r p a / i b H U M c n s H T p M M n y / i b -
c o B B n s p a o M npMd/ iHwsHMM MomsT dbiTb n p s f l C T a a / i B H npRMOM /IMHMBM, n e -
peCBKaiOLLlBH BHBprBTHHBCHy iQ OCb B TO H HB - Ma KCM Ma/I b HOM BHSprMM HOMn-
TOHOBCHHX 3 / 1 8 H T p 0 H 0 B Ef^^y^, a OCb CHOpOCTM CHBTa - B T0HH8 n^ 
AHa/lMTMHBCHM T a H a f l /IMHMfl n p e f l C T a S / l AST CR BbipaWBHH8M! TI = ! ! „ ( 1 -
T o r f l a SaBMCMMOCTb HyaCTBHTS/ lbHOCTM OT ypOBHR flMCHpHMMHai4MH 
MOWHO BbipaSMTb COOT H0LU8 HH 8 M : „ ^ g^MSi^ r 

On - l - g ^ /-̂  fcn ) . 
PS E<J)/lKmB03Jl EfTlAX^ ' (2) 

C00TBBTCTByraL4HB 3 H C n s p M MB HT a/1 b HbIB M CC/1 BflO B a H M R BbinO/lHBHbl C 
SO/lOTO-HpBMHMBBblMH H Hp BMH M M - / I MTM 8 BbIMM flSTBKTOpaMM, OT/I M H aHDOlM MM C H 
TO/llflMHOH H y B C T B M T B / l b H O r O C / l O f l . 

MaMBpf l / lMCb flM(t)r|)8pBHL4Ha/lbHbl8 CnsHTpb l BTOpHHHblX 3 / lBHTpOHOB, nO 
HOTOpbIM CTpOH/lMCb KpMBblB BaBMCMMOCTM HyBCTBMTB/ lbHOCTM OT ypOBHf l 
flMCHpMMHHanHM fl/lfl LUBCTM paS/lMHHblX 3HaHSHMH TO/lLUMHbl Hy B CT BHT S/1 b -
HOM o d / i a c T M B M H T s p a a / i B ( 0 , 0 4 + 0 , 2 ) C M . 

Ha p H C . 1 npMBSf lBHbl BHCnspHMBHTa / l bHb lB p B 3 y / l b T a T b l fl/lfl Ta/lLI4MHbl 
0 , 0 8 H 0 , 2 CM a CpaBHBHMM c flaHHbIMM, paccHMTaHHbiMM n o (f iopMy/iB ( 2 ) . 

3HaHBHMR H y B C T B M T B / l b H O C T H , nO/ iyHBHHblB B SKCnspHMBHTS fl/lfl BC8X 
MCnO/ lb30BaHHblX T0/1LI4MH Hy B CT B H T 8 / I b HO TO C / l O f l , 0T/lHHaH3TCfl OT p a C H B T -
HblX Ha iJiaHTOp 2 M MSHblUS, a CaMO O T K / I O H B H M B H O C M T CHCTBMaTMHBCHHM 
X a p a H T B p . TaHOB paCXOmflSHMS O n p S f l B / l R S T C f l , nO-BMf lMMOMy, CMSlneHMSM 
L4BHTpa TflWBCTM p S a / l b H O T O C n S H T p a MMny/ lbCOB n o OTHOlUSHMfO H H f l S a / l M -
3HpOBaHHOMy B O d / i a C T b HM3KMX 3 H B p r M M BTOpMHHblX 3/I B HT^^O H O B . f l o 
3TOM mS npMHMHS paCXOWflBHHB n p O R B / l f l S T TSHflSHUMK] K yM8HbUJBHMH3 npM 
CHHW8HMM n o p o p a p a r H C T p a u M M , a BHansHHR n y B C T B M T s / i b H o c T M npM n o 
p o r a , p a s H O M Hy / i ra , no / i yHSHHb ia s H C T p a n o / i f l U M B M s K c n s p M M B H T a / i b H b i x 
KpMBblX, OT/lMHaraTCfl OT paCHBTHblX HS dO/18S , HBM Ha 3 0 + 4 0 % , HTO 
H a x o f l M T C f l B n p s f l B / i a x s H c n s p M M B H T a / i b H O H oujHdKM MBMspeHMR M n o r p s u j -
HOCTH B OnpBf lS / lBHMH BB/lHHMHbl T0/lU4MHbl Hy B CT B MT 6/1 b HO TO C/IOR. 

C / i B f l O B a T B / i b H O , ( l )opMy/ iy ( 2 ) M O W H O M c n o / i b s o a a T b fl/iR r p y d o H 
0L4BHHM HyBCTBMTB/ lbHOCTM CHBTHOTO pSWMMa p a d o T h I HpSMHMBBblX flSTBH-
TOpOB ( c TO/IU4HHOH Hy B C T B H T S / l b H O r O C/lOfl 0 , 0 4 C M ) B HaHBCTBB flO" 
3 M M S T p O B . 

C 148/ibH: M c c / i B f l o a a H M R n o p o r a pBrHCTpa i4MM M M n y / i b c o s Ha " x o f l c 
WBCTKOCTblo" , n o 0OpMy/1B ( 2 ) CTpOH/ lMCb HpMBblB SaBMCHMOCTM H y B C T B M 
TS/ lbHOCTM OT S H e p r M M (])OTOHOB npM pa3/ lHHHblX ypOBHHX flMCKpMMMHai4MM 
( p M C . 2 ) . HaH n o H a s a H O na p M c y H H S , " x o f l c m e c T K O c T b r a " c y i n e c T a e H H o 
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SaBHCHT OT ypOBHf l flM CKpH MM H ai4H M , HTO flaST BOBMOWHOCTb nOHMmaTb 
a r o B MSBBCTHbix n p s f l s / i a x ( f l / i f l H H T s p s a / i a s H s o r M M 0 , 3 + 3 , M 3 B e n / i o T b 
flO t 2 5 % ) , n p a S f l a , s a C H B T H S H O T O p o r O yMBHbUJSHMR HyaCTBHTB/ l bHOCTH , 
M npMMBHHTb HpSMHMSBbie flBTBHTOpb! B flOBHMBTpHH nO/lBM C HBdo/lbUJHM 
r p a f l M B H T O M H a H B C T B a . Ha p M C . 2 . npMBSf lSHbl S H C n s p M M B H T a / l b H U B 3 H a -
HBHHR flOBOBOM HyBCTBMTB/ lbHOCTH fl/lfl SHapTHM (flOTOHOB 0 , 6 6 1 M 
1 , 2 5 M s B . Ms p M c y H K a B H f l H o , H T O npH n s p e x o f l s O T S H S P T H M 0 , 6 6 1 Mas 
H 1 , 2 5 MsB c n o p o r o M p e r n c T p a u H M 0 , 1 5 M B B H y a c T B H T B / i b H o c T b y M S H b -
a iasTCf l B ( 2 , 0 + 0 , 4 ) p a a a no cpaaHSHMia c 1 , 9 , n o / i y n a n H b i M a p a c H S T s , 
a npM n o p o r s 0 , 3 M S B - a ( 1 , 4 i 0 , 3 ) p a s a n p o T H S p a c H S T H o r o 1 , 3 . 

QflHHM M3 K p H T S p H S B , Onp BflB/1 flULUHX O d / i a C T b npHMBHBHHf l flOBMMBT-
p a , flB/lflSTCR MHTSDBa/ l MOLI4HOCTBM fl03, flOCTynHblX HBMSpSHHlO. M a K C H " 
Ma/lbHblH y p O B S H b p BTH CTp Mpy S MblX HpBMHMBBblM flSTBHTODOB B CHSTHOM 
PBIHMMB MOII4HOCTBH fl03 O r p a H H H H B a B T C f l p 3 3 0 8UjamU4M M BpSMSHBM H C n O / l b -
SySMblX HMny/ lbCHblX S / I B H T P O H H U X C X S M H COCTaB/ l f lST OKO/10 ( 0 , 1 - 0 , 0 1 ) p » 
M n H " " ! . H H W H H H n p s f l B / i H y B C T B M T s / i b H o c T M o n p B f l s / i f l B T C R H a p f l f l y c r s o -
MSTpMHBCKHMM n a p a M B T p a M M flSTBKTOpa (n/10U4aflb M TO/lL14MHa H y a C T B H T S / l b -
HOM o d / i a c T n ) , a r o tboHOBOw C K o p o c T b i o C H B T B . MnHMMa/ ibHaR M o m n o c T b 
SHCnOSMUHOHHOM flOBbI, flOCTynHafl HSMSpSHHKI M CnO/1 b 3 OB a H HblMH B flaHHOM 
p a d O T B flSTBKTOpaMM, COCTaB/ lRBT 1 0 ~ 6 p ' M M H " ' ' . 

r i o / i yHBHHblB flaHHblB COT/ iacyK lT CR C T8MH OTpblBOHHUMH CBBflBHMHMH 
OTHOCHTe / i bHo Hy B CT BH T 8/1 bHOCTH , KOTopbiB o n y d/iH HO B aHbl B p a d o T a x 4 , 5 . 

P a a y / i b T a T b i nacTOf l iuBM p a d o T U n o n a s a / i M , H T O c o H S T a H H B H H T a r p a / i b -
HOrO M CHBTHOrO pBlHMMOB flaST BOBMOmHOCTb BbinO/IHRTb HSMSpeHMH B 
flnanasoHB M O U 4 H O C T B M s H c n o a H U H O H H u x flos ( 1 0 ~ B + 1 0 2 ) p . M H H " ' c n o -
MOLi4bHD o f l H o r o H TOTO wB flBTSKTOpa ( B B C b M a Ma/ibix p a s M s p o a ) , a B u d o -
poM n o p o r a p e r M C T p a u M H y c T a n o B H T b " x o f l c w s c T H o c T b r a " , H B npsBb ia ia ra -
IflSM 1 2 5 % OT C p S f l H S r O SHaHeHHR HyBCTBMTB/ lbHOCTH B M H T 8 p B a / l S 3 H 8 p -
PMM ( 0 , 3 + 3 ) r i 3 B . 

PAAHOMETPHfl C nnilOnJlb'O nOiiynPOBO.IHHHGBblX 
30.nOTn-HPEnHHEBhlX AETEHTOPOB B HCCJIEAO-

BAHHFIX PAAHAHHOHHOa OBCTAHnBHH. 

HSMSpSHMfl Ma/lblX aHTMBHOCTBH H MflBHTH $H Hai4M R MX HSOTOnHOTO 
c o c T a s a c B f l s a n y c H c n o / i b s o a a H H S M a n n a p a T y p b i , od / ia f lami f lBM xopou iMM 
SHSprSTMHSCKHM p aspBUJB HH BM M BblCOKOH Hy B CT BM TB/1 b HO CTblO K K O H " 
KpSTHOMy BMfly H 3 / i y H B H M f l . HaK M 3 B B C T H 0 , Hy B CT BHTB/1 bHO CTb p a f l M O " 
MBTpMHBCKOM a n n a p a T y p W O n p S f l S / l R e T C H rSOMBTpMHSCKOM H (t)H3HH8CH0M 
30(l)BKTHBHOCTbra p S T H C T p a U H H H 3 / i y H 8 H H H M (})OHOBOH CHOpOCTblO C H B T a , 
HOTOpaf l y nO/ iynpOBOf lHHKOBblX flSTSHTOpOB, OHBBHf lHO, B O n p S f l S / I BH HOM 
CTSnSHM SaSHCHT OT yC/lOBMM HX M 3 TOT O B/1 B HH fl M p aflM 314 H OHH OH H a C T O -
Tbl K0HCTpyKl4M0HHblX M a T B p H a / l O B . 

npOBSf lBHO HCC/ lB f lOaaHHB ({lOHOBOM CKOpOCTH CHSTa 0TB HB CT B 8 H HblX 
n O B B p X H O C T H O - d a p b a p H b l X 3 0 / 1 0 T 0 - K P S M H M 8 B N X flSTBKTOpOB C n/lOLLiaflblQ 
p a d o H B M n o B s p x H o c T M ( s ) OT 0 , 2 flo 9 CM^ H MOsaHHHux C T p y K T y p Ha 
HX ocHOBS c n / iomaf lb io flo 60 C M 2 , a T a K w s flM^^ysMOHHO-flpaMiJioBbix 
KpSMHMH-.nHTHBBblX flBTBKTOpOB C S = 0 , 3 + 3 C M 2 H TO/IU4MHOM Hy B CT B M T 8 / l b -
HOH Od/ iaCTM OT 0 , 4 flO 2 MM. B H e p r S T M H S C H O B paSpBIXlSHMB OTf lB/ lbHblX 
flBTBKTopoB npH KOMHaTHOH T S M n s p a T y p s ( + 20OC) COCTaa/ l f l / lO OT 3 0 flO 
160 H3B. 

O d H a p y w B H O , H T O B o d / i a c T H s H s p r n M 3 + 9 M S B , flB/ifliaLi4BHCfl p a d o 
HBM Od/ iaCTbra fl/lR a / l b $ a - C n B ' K T p O M B T p H H paf lHOaKTHBHblX MSOTOnOB, 
M H T S r p S / l b H a f l (})OHOBaR CKOpOCTb CHSTa KaK OTf lB/ lbHblX 3 0 / l O T O - K P B M H H B -
Bbix flSTSHTopoB c n / io i f la f lb to p a d o H B M n o B s p x H o c T H OT 1 flo 9 C M 2 . T a n 
H r p y n n b i n a p a / i / i s / i b H o coBf lHHBHHb ix A B T B H T O P O B C odtusM n/iou4aflbio flo 
6 0 C M 2 , n p o n o p u M O H a / i b H a B B / I M H H H B S H c o c T a B / i f l S T ( G , 2 2 i 0 , 0 2 ) n a c " ' ' C M -
npHMSpHO 1 / 3 3TOH B8/lHHHHbl Ody C/10 B/I S H 3 SMaHaqHf lMM H aSpOSO/ l f lMM, 
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coflBpwaiflHMMCfl a Bos f l y xs / l a d o p a T o p n o r o noMSLUSHHfl. 
ripM ySB/lHHBHHH n/lOlflSflM padOHSM nOBSpXHOCTH 3 O/lOTO-KpBMHH 8 BblX 

flBTBKTOpOB flO 8 - 1 0 C M 2 HX rSOMBTpM H BCKa R 3 (S $8 KTH BHO CT b BOSpaCTaST 
flo 3G-S35% fl/lfl MCTOHHMKOB c n/ioiJ4aflbra aKTMBHoro nflTHa OKOJIO 6 C M ^ . 
PaspsiiiammaR c n o c o d n o c T b flSTSKTopoa T B K H X pasMspoa HB xyws 2 f3% 
Ha /IHHHH 5 , 1 5 M B B , HTO OdSCnSHHBaBT BOBMOWHOCTb MflBHTM (flM Kai4M M H 
HSMSpSHMR npaKTMHBCKH BC8X SCTB CT B B H HblX a/I b (jia-p BflH O 3 HTM B HblX H 3 0 -
T o n o B , HaxoflflU4HxcR B CMBCH B Ma/iyx HO/iHHBCTBax (nop f l f lKa 10~ ' '4 
KwpH B n p o d s ) . 

B 014SHKB paflMaqMOHHOM odcTanosHM npn H B M B P B H M M aarpRSHSHHOc-
TH padOHHX nOBSpXHOCTSM HBOdXOflHMbI flaTHHKH C OTHOCMTB/lbHO dOJlb-
lilHM S ( ~ ' 1 0 0 C M 2 ) , npHTOflHUB fl/lR CnBKTpOMBTpHHBCHOrO aHa/lHSB HBOTOn-
Horo cocTaaa BarpasHBHHOCTH HenocpsflCTasHHo Ha MBCTB KOHTpo/in. 
A/I f 3TOM 148/lH HB npnrof lHbl HM OTflB/lbHbIB 30/10TO-Hp8MHH BBbIB flSTBK-
Topbi c do/ibii ioH n/iou4aflbio, HM MosanHHUB cTpyKTypbi Ha O C H O B B flSTSK-
TQpOB cepHMHoro npoH3BOflCTBa, nocKO/ibKy paspsLuaramafl c n o c o d n o c T b 
TaKHX CHCTBM npM KOMHaTHOH TSMnSpaTypS C/IMUJKOM Ma/ia, H HB MOmST 
dblTb nOBblUJBHa flo yflOB/lSTBOpMTS/lbHOM BB/lMHHHbl (2 ' i 3%)B CH/iy o p p a -
HHHBHHH npH HI4H nM 3/1 b HOTO CBOHCTBa. 

B flaHHOH padoTB npa f l / i a rasTCR H c n o / i b s o s a T b fl/ifl H S M S P S H H R n o -
BBpXHOCTHOM 3 a rpH3 HSHHOCTM a/lb(t)a-paflH 03KTH BHblMH BSU4eCTB3MH H HX 
HflBHTHlt)MKai4HM MOSaHHHblH flaTHHK C dO/lbUJOM n/lOlHaflblQ, COCTORlflMM M3 
HBCKO/lbKMX napa/l/18/lbHO COSflHHSHHblX nO/iy npO B OflHH KO BblX flBTSKTOpOB, 
OflHH H3 HOTOpUX OT K/llO HaST CH OT OCTa/lbHblX fl/lR BbinO/lHSHHfl CnSKTpO-
MSTPMHBCKHX HSMSpSHMH. flpSfl/lOWBH HhlM npMHI4Hn COHBTaST flOCTOMHCTBa 
MOBaHHHOH CTpyKTypbi , OdSCna HH Barau48H BOBMOmnoCTb COBflaHHfl flaTHHKa 
c TpedysMoM n/ioiflaflbto HyscTBHTe/ibHOH noaepxHocTM ( f l o 100 C M 2 H 
BbllJJB), C BblCOHMMM CnSKTpOMBTpH HBCKM MM CBOHCTBaMH OTflB/lbHOTO flS
TBKTOpa, n/iou4aflb KOTOporo (5 - }8 C M 2 ) H B ss/ iHKa no cpasHSHMio c 
n/iou4aflbra MoaaHKH. 

5 / ioK-cxBMa npMdopa npHBBflSHa na p n c . 3 , MoaannHhiM flaTHMH, 
MCnblTBHHbIM B HaCTORU48H padOTB, COCTOfl/1 H3 12 nO BBp XHOCT HO-dap bBp-
HblX BO/lOTO-KpSMHHBBblX flBTBKTOpOB, C n/10lH3flbH] psdOHBM nOBBpXHOCTM 
paBHOM 5 C M 2 H SHeprSTHHBCKHM paSpBIUBHMSM d/lM3K0M K 70 K3 B, 
np0M3B0flCTB0 KOTOpblX OCBOBHO 0T8 HBCT B8H HOM npOMblLU/lSH HOCT blQ . 

3apflflOHyBCTBMTa/lbHblH npSflyCH/lHTB/lb C dO/lbUlOM BXOflHOM flMHa-
MMHSCKOM BMHOCTblO CMOHTHpOBaH B d/lOKB flBT B KTH p 0 B 3 HM R BMBCTS C 
flSTBKTOpaMM. SHBp TBTH HS CKO B paBpBUJSHMB npMdopa B CnSHTpOMSTpM HB C-
KOM paWMMB padOTbl COCTaBH/10 140 H3B npH H3M8PBHMH CnBHTpa M3/ iy -
HBHHfl HCTOHHHKa n/iyTOHH fl-2 39 B BOSflyXB. tboHOBan CKOpOCTb CHBTa 
BCSfi MOSaMKH COCT3BM/ia 15 M M n ' H a c " ' ' . 

OTdop flBTSKTOpOB npOBOflH/lCfl, B OCHOBHOM, nO BS/IMHHHS MaMCH" 
Ma/ibHO flonycTHMoro HanpflwsHHfl CMsmsHMfl. A p y r o H K P H T B P H M - T p s d o -
BaHHB HflBHTHHHOCTH BB/lMHMHbl OnTH Ma/lb HOTO padOHBTO CMBlfleHHR fl/lfl 
BC8X flBTSKTOpOB MOSaMKH OKaSa/lCR MBHS8 KpMTMHHbIM, nOCKO/lbKy SaBM" 
CHMOCTb SHSprBTHHSCKOrO paspSliJBHHfl OT HanpflmBHHfl CMeU4BHHn, KaH 
npaSH/ lO, y TaKMX flSTBHTOpOa H B M M B B T OCTporo MMHMMyMa. rOflHblMH 
fl/lR HCnO/lbBOBaHHfl B MOSaMKS OKaSa/lMCb 70% flBTBKTOpOB OflHOH K/iaCCM" 
ct)HKai4HOHHOM Tpynnb i , HTO roaopMT o flocTynnocTH Mcno/ ibBOsaHHoro 
npMHunna M BOBMOWHOCTH e r o uiMpoHoro npHMSHBHHfl. 
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HIG-H ENERGY PHOTON DETECTION 
BY 

FISSION TRACK REGISTRATION 

H i r o y o s h i l i d a and Tokusaburo K o s h i j i m a 
N a t i o n a l I n s t i t u t e of f l a d i o l o g i c a l S c i e n c e s 

G h i b a - s h i , J a p a n 

A b s t r a c t 

An attempt is made in this report to detect high energy 
photons above 5 MeV by photo fission reaction. A solid state 
fission track detector, in which one face of a solid block was 
coated with fissionable material, was used as a high energy 
photon detector. 

Typical results obtained with bremsstrahlung at maximum 
energy of 29 MV are as follows. Eission track density per 
100 R was found to be about 1,000 tracks/cm^. The number of 
high energy photons over 5 MeV per 100 R from the total brems
strahlung was estimated to be 4 x 10'/cm^, assuming that the 
effective cross section of natural uranium is approximately 
0.05 barn for the bremsstrahlung. 

The track detector presented in this report may provide a 
useful means to detect high energy photons even in the presence 
of otĥ er radiations except neutrons, and is expected to be 
utilized for the monitoring of high energy photons. 

Introduction 

For the measurement of high energy X- or gamma-rays above 
several MV or MeV, nuclear reactions of high energy photons have 
been applied in some instances in addition to usual measurement 
by ionizing process. The measurement by means of photo fission 
has an advantage in that the high energy photons can be distin
guished from a mixed radiation field except neutrons. 

In the present report, a method was examined for high energy 
photon detection by solid state fission track detector register
ing the tracks of fission fragments produced by photo fission 
reaction. A solid state fission track detector which had been 
previously developed by us for neutron detection was used to 
detect the high energy photonsr 

Experiment 

The track detector consists of a solid for registration of 
fission fragment track and fissionable material. There are 
several ways of combination, e.g., U-doped glass or a glass block 
in contact with an uranium foil. The method adopted in the 
present study was to bring a solid in contact with a fissionable 
material. Silver activated phosphate glass of Toshiba PD-P8-3> 
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a commercially available dosimetric glass, was employed as the 
solid because of its easiness for etching and optically almost 
perfect surface. Uranylacetate, UO^C CHjCOO)^. • 2H2O, an easily 
available reagent, was used as a fissionable material. A 
saturated solution of uranylacetate was made at 30 - 40*C, then 
0.1 - 0.2 ml of the solution was applied dropwise and dried on 
a glass block which was throughly pre-rinsed with distilled 
water, forming a layer of 1 5 - 3 0 mg/cm^ thickness tightly 
attached on the surface of the glass block (Fig. I). The layer 
is thicker than the maximum range of fission fragments, so that 
there is no effect of thickness on the track density. 

The detectors were exposed -in the range of 100 to 200 R to 
X-rays from the NIRS betatron (Toshiba) without any flattening 
filter at maximum bremsstrahlung energies of 15 to 29 MV. 
Exposure was measured by the Victoreen thimble ionization 
chamber, but the chamber could not be irradiated simultaneously 
with the detector owing to narrow X-ray beam. 

To investigate the effect of exposure rate on track density, 
irradiation was made at variable exposure rate from 25 to 60 
R/min at maximum energy of 29 MV. 

After irradiation, detectors were cleaned throughly by use 
of an ultrasonic washer to remove the uranylacetate layer, and 
then radiophotoluminescence of the glass block was measured with 
a photoluminescence reader. Because of the high energy of X-
rays in excess of the applicable range for the glass dosimeter, 
the reading does not correspond to the absolute exposure but 
rather its relative value. Finally, the glass blocks were 
etched by a 30 56 solution of sodium hydroxide at 80"C for 10 min 
to make visible tracks which were counted under a microscope 
(Fig. 2). Track density was estimated by counting the number of 
tracks in 4 to 5 fields of 2.5 mm^ on each glass block. Back
ground was estimated from the opposite side of the glass block. 

Experiments were carried out in the same way on thorium-
chloride. 

Result 

Hereinafter, the value of radiophotoluminescence in roentgen 
obtained with the reader is expressed by (RPl). 

The track density per 100 R of X-ray at maximum energies of 
15, 20, 25 and 29 MV is shown in Fig. 3. The sensitivity of 
the detector for X-ray at maximum energy of 29 MV is about 
1,000 tracks/cm^ per 100 R, which is the average from several 
independent experiments. Effect of exposure rate on the track 
density is small as shown in Fig. 5, 

In the case of thoriumchloride, significant result could not 
be drawn due to the insufficient number of fission tracks. 

Discussion 

Because of fluctuation in X-ray intensity during irradiation 
especially at low energy range and of the irradiation process of 
detector which was not made simultaneously with the ionization 
chamber, the relative exposure dosimetry with the glass block 
(RPL) is considered to be more reliable than that with the 
chamber. Fig. 4 shows the energy characteristic of the detector. 
The track density per (RPL) tends downward with decreasing 
energy. 

Fig. 6 shows photo fission cross section of uranium and 
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thorium. Maximum cross section for photons was found to be 
about 15 MeV for both uranium and thorium. The higher the 
maximum energy of X-ray, the higher efficiency of detection was 
observed on the fission track detector as shown in Fig. 4. This 
seem to be due to the fact that the X-ray spectrum is continuous 
and that for the same exposure the photons of over 5 MeV is fewer 
at low maximum energy than at high maximum energy. In mono-
energy photon flux such as gamma-rays, the highest efficiency of 
detection may be obtained at about 15 MeV. In either case, the 
detection of photons of below 5 MeV is impossible, since the 
cross section for them is practically zero. 

The number of high energy photons contained ii; 100 R of X-
rays at maximum energy of 29 MV are calculated as below. The 
relation between track density p and photon flux S is given by 

P = ^'Cr-N'f 

where <T is the photo fission cross section of uranium, N, the 
number of uranium atoms in 1 mg of uranylacetate, and f, the 
ratio of track density to the number of fissions occurred in 1 mg 
of uranylacetate layer which has a thickness larger than the 
range of fission fragments. • From the experimental data on 
neutron irradiation, the value of f is estimated at 10/3(track-
cm~Vfission-mg"^) . The number of high energy photons over 5-MeV 
per 100 R of X-ray was calculated to be approximately 4 x 10 /cm̂ , 
assuming that the effective fission cross section of uranium is 
0.05 barn for the X-ray. 

The tracks on a glass block indicate only the existence of 
high energy photons over' 5 MeV in radiation field except 
neutrons. Therefore, the exposure of X-ray which has continuous 
energy spectrum of photons can not be determined from the track 
density. In such a case as to investigate the primary effect 
of high energy photons, the fission track detector may provide 
a useful means for the counting of high energy photons even in 
the presence of other type of radiations except neutron, and is 
expected to be utilized in the monitoring of high energy photons. 
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AN INEXPENSIVE LIGHTWEIGHT ENVIRONMENTAL SURVEY INSTRUMENT 

^ I. M. G. Thompson and H. C. Orchard 
Central Electricity Generating Board, Berkeley Nuclear Laboratories 

, Berkeley, Gloucestershire, U.K. 
Central Electricity Generating Board, Nuclear Health & Safety Department, 

London, U.K. 

Abstract 

The operation of power producing nuclear reactors in the U.K. involves 
a statutory requirement to measure radiation levels in the area surrounding 
each nuclear site. The natural radiation background is measured at specified 
locations prior to operation.of the reactor and afterwards routinely every 
three months. A survey instrument used for such measurements must therefore 
measure exposure levels from background (typically a few viR.h"̂  in the U.K.) 
upwards. Other requirements for the instrument are that it should be very 
portable, be capable of being read accurately at low exposure rates, and should 
maintain its calibration. 

The instrument described in this report weighs only 10 lbs, has a good 
energy response, + 15% over the range 50 keV to 6 MeV, and measures exposure 
levels from a few uR-h"^ to 100 mR.h"-̂ . Ambiguities resulting from reading 
a fluctuating meter needle at low exposure rates are overcome by integrating 
the count over a preselected time, digital readout being provided. The report 
describes a comprehensive evaluation of the instrument and its comparison with 
other commercially used instruments. The instrument price is considerably 
cheaper than that of comparable instruments. 

Introduction 

Measurement of gamma radiation in the environment, natural prior to 
the operation of a power reactor and afterwards natural plus that due to 
the reactor, requires an instrument that records levels from a few pR.h"-̂  
upwards. As the spectral content of this radiation may be unknoxm the 
exposure rate response of the instrument should be as flat as possible over a 
wide energy range, say 30 keV to 7 MeV. 

Portable survey instruments used by the C.E.G.B. for this work indicate 
the measured exposure rate by means of a moving coil meter display.^ The readin 
of such meters at low exposure rates involves problems of interpretation where 
a needle is fluctuating over a significant range of readings. 

Recent advances in electronics have made it possible to produce small 
portable scalers with digital readout. In addition energy compensating filters 
are now commonly used to improve the poor energy characteristics of G.M. 
counters. To keep the total cost low, the instrument described in this report 
makes use of a commercially available portable scaler, G.M. circuitry and energy 
compensated G.M. counters. 
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Instrument Description 

Four energy compensated G.M. counters, 20th Century type B6T's, are 
mounted radially on a tripod (Fig.i) to give the best directional response 
and to enable measurements to be made at 1 metre above ground. A short 
co-axial cable connects the detectors to the input of the electronics. 

The electronics consist of the amplifier and E.H.T. unit of a Mini 
Monitor Mark V, and a Mini Instruments portable scaler type MS6.10. Both 
these units are housed in a small metal case, 20 cm x 14 cm x 12i cm. Although 
the instrument is intended for outdoor use no special seals were fitted to the 
prototype to make it waterproof. During field trials a large polythene bag was 
slipped over the detectors and electronics and the measurements on Trawsfynydd 
Lake during a wet day and on rough water showed this to be adequate protection. 
Power supplies to the G.M. amplifier and E.H.T. unit are from two 9 volt 
batteries type PP6. The scaler unit is powered by four 6 ampere-hour Nickel-
Cadmium rechargeable batteries and will run up to 10 hours continuously on a 
single charge. 

Each G.M. counter was connected separately and its operating voltage 
plateau determined. The plateau was also measured with all four counters 
connected to verify that the same voltage range was obtained and the operating 
voltage for the counters was set at 680 volts. 

Evaluation of Instrument 

Laboratory Tests 

Energy Response 

The photon energy spectrum of a measured radiation field is frequently 
unknown and therefore an environmental survey instrument is required to have 
a 'flat' response over a wide energy range. Many reactors produce significant 
amounts of 6 MeV gamma radiation, and in gas cooled reactors thLs arises from 
the ^^0 excited state which is formed by the fast neutron capture in •'̂ O of the 
C0„ cooling gas and the subsequent beta decay of •'̂ N to ^^0 . 

Tests were made at 29, 47, 59, 85, 107, 147, 183 and 210 keV using an 
improved low exposure-rate, filtered. X-ray series whose spectra have 
resolutions of 20%. 

Radionuclide sources were used to measure the response above 200 keV up 
to 1.33 MeV. 

The 335 keV resonance of the •̂ F̂(p,aY)̂ 0̂ reaction was used to determine 
the 6 MeV response, the radiation field being standardised by associated particle 
counting of the alpha particles with cross-checks by ionization measurements. 

Fig.2 shows the energy response obtained. The response expressed as 
instrument reading divided by standardised exposure-rate is plotted against 
photon energy and has been normalised at 0.8 MeV. 

Linearity of Response 

Linearity was tested with standard ^^^Ra sources and ^^Co sources. 
Results are given in Fig.3 and show that the instrument has a linear response 
up to 10 mR.h" . Although the response is non-linear above this exposure rate 
no fall-back effects are observed until about 4 R.h"-̂  and at approximately 
100 R.h"-̂  the reading has reduced by 20% compared to that at 4 R.h~^. The 
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meter reading, however, still remains greater than full scale for exposure 
rates up to 100 R.h"-̂  . The apparent non-linearity below 20 yR.h"-' is 
discussed later on. 

Temperature Tests 

As the instrument will be used outdoors throughout the year it is 
important that its response should not change significantly with expected 
variations in temperature. 

The instrument was placed in an environmental cabinet and irradiated in 
a constant field from a ^"Co source, the temperature was varied over the range 
-20 C to +50 C. Before commencing these tests new 9 volt batteries were fitted 
and the Ni-Cd batteries were re-charged. The readings remained constant within 
109.0 cps ±7 cps over this temperature range except at +50 C where a reading of 
136 cps was obtained. 

Variations in Instrument Readings with Supply Voltage 

Tests were made to measure the variation in instrument reading ̂ ^̂.th change 
in supply voltage for both battery supplies, the instrimient being irradiated in 
a constant field. The lower limit markings for both battery tests were perfectly 
adequate. 

Field Tests 

Measurements were„made at normal 'district survey' locations at two 
nuclear power stations. Exposure rates were measured with the instrument and 
with other commonly used low exposure-rate instruments. The other instruments 
used in the comparison were the BNL 1 which has a plastic phosphor detector and 
a bottom range of 0-30 yR.h"^, and the A.E.R.E. type 1368A which has 4 G.M. 
counters, 3 used in parallel for the lower ranges, and a bottom range of 0-50 
yR.h"^. For two of the locations measurements were also made with the Nuclear 
Enterprises N2601, which has an energy compensated G.M. counter and a single 
log range of 0 - 10 mR.h"-'̂ , and with the General Radiological 1597A which uses 
a Nal detector and has a bottom range of 0 - 30 yR.h"-̂ . All the instruments had 
been previously calibrated against ^26]^^ sources and the readings taken were all 
corrected for any non-linearities. 

The first measurements were made at Trawsfynydd Lake, close to the Nuclear 
Power Station which was not operating at the time. Four sets of measurements 
were made above water depths between 20 to 30 feet and the following averaged 
results were obtained. Prototype background monitor 4 pR.h~ , BNL 1 
instrument 5 jjR.h"-̂  and 1368A instrument 7.5 yR.h~^. 

A second series of measurements were made at another station, x-jith the 
reactors on load. Two different one mile locations were selected at which the 
results in Table 1 were obtained. Each reading for the meter display instru
ments was obtained by observing the needle for approximately one minute and 
taking the average reading, the figures in brackets show the range of fluctuations 
of the instantaneous reading. 
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Table 1 

Instrument Type 

Prototype background 
monitor 

BNL 1 
1368A 
1597A 
2601 

Corrected Instrument Reading for 
1 mile locations in uR.h"-̂  

Location 1 

11 

9(7 to 11.3) 
11.5(10 to 12) 

13(10.7 to 15.3) 
12(9.5 to 17.3) 

Location 2 

10.2 

8(6.5 to 10.2) 
11(10 to 11.7) 
10(8.5 to 11.5) 
11.5(6.5 to 19.5) 

The following conclusions have been made from these comparisons. Accurate 
assessment of very low exposure rate levels is difficult and differences of only 
1 yR.h between different instruments must be considered good. Measurements on 
Trawsfynydd Lake were made at lower exposure rate levels than the background 
radiation level of the room used for instrument calibration and corrections for 
non-linearity have therefore been obtained_from extrapolation. No standard 
instrument will measure levels in the yR.h~^ region and hence no accurate 
measurement can be made of the calibration room background level. The assumed 
value of 6.5 yR.h ^ is an averaged extrapolated result of measurements made in 
this room with a large number of different instruments of several types. 
Uncertainty in the absolute value of the room background may contrilDute to 
non-linearity of the prototype below 20 yR.h~l(Fig. 3). 

For the Lake measurements the radiation field is principally due to 
cosmic radiation with a small contribution from any radioactive content in the 
Lake. Levels of about 3.5 \sRAi ^ are normally reported for cosmic radiation 
and so the readings of 4 yR.h ^ for the prototype and 5 yR.h"^ for the BNL 1 
instrument appear realistic values.-^ The reading of the 1368A is iust over 
double the cosmic radiation level and may be due in part to the built-in 
radioactive content of the detectors. This built-in activity would be allowed 
for in setting the instrument up at 6.5 yR.h"^ but would cause it to read 
high if it were placed in a lower level radiation field. 

Looking at the results for the other station it is interesting to see 
the large variations in readings obtained. For the one mile locations the BNL 1 
instrument gave lower results than_for all the other types. The 2601 instrument 
readings were approximately 1 yR.h ^ higher than the prototype results, this 
good agreement is not too surprising since the 2601 uses a single G.M. tube which 
is identical to the 4 detectors used in the prototype. The large fluctuations in 
the 2601 readings are due to the poor statistics obtained by using a single small 
detector. At these 1 mile locations the prototype and the 1368A are in good 
agreement and apart from location 1, so is the 1597A. 

Conclusions 

The tests on the prototype environmental survey monitor have shoxm that 
it compares favourably with other commercial loT̂ r-level instruments whilst not 
having the interpretation problems associated with a meter display. The 
instrument has a good energy response (± 15% for 34 keV to 6 MeV), is simple 
and easy to use, and will, cost approximately £280 (•v $670). 

The environmental monitor described is only a prototype and a number of 
changes will be introduced in the operational instrument, for example the 
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controls will be simplified and the meter markings altered to pP.h"^. 

Ilany of the differences in readings observed when using different types 
of instruments arise from the problems of calibrating instruments at a few 
yR.h"^ and farther investigations are required on the calibration techniques 
and standardisation at these radiation levels. 
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A NEW TECHNIQUE IN 
ENVIRONMENTAL NEUTRON SPECTROSCOPY 

Miguel Awschalom and Larry Coulson 
National Accelerator Laboratory 

Batavia, Illinois 

Abstract 

A new phoswich has been 
developed that permits the meas
urement of the environmental 
neutron spectrum using Bonner 
spheres. The new phoswich con
sists of an 8 mm diameter, 8 mm 
long ^Lil(Eu) crystal surrounded 
by plastic scintillator. The use 
of the fast signals from the 
plastic scintillator in anticoin
cidence with the slow signals 
from the ^Lil(Eu) gives a nearly 
background free ®Li(n,a) ^He peak. 
Thus, the signal to noise ratio in 
the vicinity of the peak is very 
high (20-35 to 1). An adequate 
number of counts is obtainable in 
one day for most of the spheres. 

Typical counting rates for 
polyethylene spheres of the diam
eters given below are: 

2 
3 
5 
87 
8 
10 
12 
18 

inch 
inch 
inch 
inch 
inch 
inch 
inch 
inch 

2, 
13, 
14, 
12, 
9, 
6. 
5, 
3, 

.69 

.9 

.0 

.4 

.07 
,91 
.96 
.77 

c/hr 
c/hr 
c/hr 
c/hr 
c/hr 
c/hr 
c/hr 
c/hr 

Details of circuitry, phos
wich geometry, pulse height ana
lyzer spectra and synthesized 
spectra will be given. 

This paper is an elabora
tion of the preliminary result̂ s 
presented at an earlier time 2 

The measurement of the 
neutron energy spectrum of envi
ronmental neutrons is besieged by 
difficulties caused by the gamma 
rays, muons, protons and other 
charged particles which are simul
taneously present. 

The commonly used neutron 
detection technique which is also 
applicable to environmental neu
tron studies is that of a ^"BFa 
counter moderated with a hydrog
enous material such as polyethy
lene or paraffin. The use of 
various thicknesses of moderator 
produces a family of different 
neutron detection efficiencies 
which are functions of the inci
dent neutron energies. These re
sponses have been studied by some 
authors,-^ mostly in a direction 
perpendicular to the axis of the 
BF3 counter. Responses versus 
energy for other polar angles 
have not been studied in detail 
to the best of our knowledge. As 
it is to be expected, there is a 
significant polar angle depend
ence in these counters. The 
popularity of the BF3 counter is 
due to the ease with which 
charged particle events (either 
gamma ejected electrons or cosmic 
ray charged particles) are sepa
rated from neutron capture 
events by the exoergic reaction 

n + 5̂B->lLi + 2He + 2.8 MeV. 

The separation is made electron
ically with a simple integral 
discriminator. The other envi
ronmental events deposit typ
ically a few KeV. 

Another type of neutron 
detector is the Bonner Sphere. 
This is a spherical hydrogenous 
(polyethylene) moderator with a 
point like thermal neutron de
tector at its center. Hence, to 
a first approximation it has 
isotropically uniform energy 
responses. The energy dependence 
of its detection efficiency has 
been rather well studied. The 
most common point like detector 
is a ^Li(Eu) crystal. Here in 
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diameter spheres, 10 inches or 
greater, but it is questionable if 
it is meaningful in smaller ones. 
A second way to reject the charged 
particle background is to use a 
phoswich. 

The phoswich used in the ex
periment described in this paper 
is shown in Figure 3. The pulses 
from the ^Lil(Eu) have a long de
cay time (1.4 ysec). The pulses 
from the plastic scintillator 
have a very short decay time 
(2-3 nsec). Due to the monochro-
maticity of the slow pulses, a 
very simple passive network was 
tried. This circuit permitted the 
separation of the slow and fast 
components after suitable passive 
shaping. Figure 4 shows a simpli
fied diagram of the electronics 
used. 

The values first tried and 
not necessarily optimum are 

L = 102 yH, C = 3 3 p F . 

Smm 

K 

5" 
8 ~ 

/ / , Li I (Z\iV//, 

Plastic Scintillator 

Gloss 

I mm A Seal 

Figure 3. Cross-section of an 
8 mm X 8 mm phoswich. 

+ 1900V 

Photo-
Multiplier 

6655A 

C 4 

Pulse 
Height 
Analyzer 

Analog 
® Input 

Figure 4. Electronics block diagram. 
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principle at least, the back
ground charged particles are sep
arated from the neutron capture 
events by choosing the size of 
the crystal such that most charged 
particles traversing it lose less 
energy than the 4.2 MeV of the 
reaction 

n + |Li-̂ 2He + ?H + 4.2 MeV, 

Then again, the two types of 
events should be simply separable 
by an integral discriminator. In 
practice when measuring the 
extremely low environmental 
neutron flux the separation be
tween neutron captures and other 
events is not good. 

"T" -r 

s^ 
4MMx4MM XTAL 
2 INCH MODERATOR 
RUN TIME ' 56 DAYS 

C v̂ 
H\\ 

p 
1 
o 

f2 z 

8 

40 60 80 100 
CHANNEL NUMBER 

Figure 1. Upper curve is 
spectrum of all slow pulses. 
Lower curve is spectrum of slow 
pulses not accompanied by fast 
pulses, e.g., "neutrons". 

Figure 1, upper curve, is a 
spectrum of pulses from a 4 mm x 
4 mm ^LiI(Eu) crystal in the 
center of a 2 inch polyethylene 
spherical moderator while re
cording environmental neutrons 
for 56 days. The signal to 
noise ratio (peak to valley) is 
not as good as that obtainable 
while calibrating the system 
with a PuBe neutron source as 
shown in Figure 2, for two sizes 
of crystals. 

• eMMxSMM XTAL 

• 4MMx4MM XTAL 

40 60 80 100 
CHANNEL NUMBER 

Figure 2. Spectra due to PuBe 
neutrons from two size ^Lil(Eu) 
crystals. 

There are two ways to im
prove the rejection of unwanted 
counts. One is to use small 
proportional counters." This 
method almost works for larger 
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8mm xSmm XTAL 
SincI) MODERATOR 
RUN TIME = 951 MRS 
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CHANNEL NUMBER 

Figure 5. Pulse height 
spectra, from an 8 mm x 8 mm 
phoswich in a 5 inch polyethy
lene spherical moderator 
exposed to environmental 
radiation for 9 5.1 hours. 

Figure 5 shows the results 
of an environmental neutron meas
urement using an 8 mm x 8 mm ^Lil 
crystal in a 5 inch moderator. 
This run is 9 5,1 hours long. The 
solid curve shows the spectrum of 
slow pulses not accompanied by 
fast pulses (S x F). These event 
signatures are likely to be due to 
neutrons. The dashed curve shows 
the spectrum of slow pulses accom
panied by fast pulses (S x F). 

These events are very likely 
"noise" or charged particles 
from the environment. The dotted 
curve_shows all slow pulses 
(S X F + S x F). The peak-to-
valley ratio for the (S x F + 
S X F) spectrum is about 2.8, 
while for the "neutron" pulse 
only spectrum (S x F) it is 
about 22. Therefore, the phos
wich has improved the peak-to-
valley ratios for neutron de
tection in environmental meas
urements by a factor of about 
five to six. 

Figure 1, lower curve, 
shows the result of using the 
4 mm X 4 mm crystal in a phos
wich arrangement with background 
rejection. Another example of 
the improvement that is obtain
able using this technique may be 
seen from the curve in Figure 5. 
Consider the neutron data as 
being in channels 90 to 125. 
Then we could derive two figures 
for the number of "neutron 
events". Case A, use the curve 
for "all" events. This gives 
(Signal + Noise)-Noise ~ 3157 -
1440 = 1717 counts + 68. Case B, 
use the curve for (S x F) type 
events. The corresponding dif
ference is 1480 - 52 = 1438 
+ 39. The fact that two stand
ard deviations do not produce an 
overlap of the data is a measure 
of the errors committed in back
ground subtraction in case A. 

The dashed line also shows 
some feed through of neutron 
events. Hence, improvement in 
the rejection of the (S x F) 
events is still possible. 

The signal-to-noise ratio 
is now good enough that a set of 
Bonner spheres may be used for 
environmental neutron measure-
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ments using a simple integral 
discriminator for noise rejec
tion. Counting periods of about 
two days per sphere would be 
adequate. 

Environmental Neutron Flux 
Measurement 

flux-to-dose 
conversion _ _ 
factor = 4.9 X 10 ^ rad n ^ cm^ 

flux-to-D. E. conversion 
factor 2.7 X 10 

Conclusions 

rem n ^ cm^ 

A series of measurements was 
made inside a light frame house 
at the NAL site which is at an 
elevation of 740 feet above mean 
sea level. The corresponding 
count rates per hour are given 
below in Table I. 

A new technique has been 
developed which permits rapid 
low resolution environmental 
neutron spectroscopy using 
simple electronics. 

References 

Detector 
Size 

2 inch 

3 inch 

5 inch 

6.87 inch 

Table 

Counts 
Day 

64 

334 

336 

297 

I 

Detector 
Size 

8 inch 

10 inch 

12 inch 

18 inch 

Count 
Day 

218 

165 

143 

90 

To interpret these results, 
the spectrum was unfolded using 
an iterative process.^ 

The absolute detection effi
ciency of the actual ^Lil(Eu) 
crystal used was calculated by 
measuring the neutron flux from 
a ^^®PuEe which had been cali
brated by the National Bureau of 
Standards. The correction factor 
to the data in HZiSL-26 7, thus 
found, was l.Se. 

Using this value, the cosmic 
ray neutron flux was calculated as 
well IS the dose and dose equiva
lent per neutron/cm^. These 
quantities are 

cosmic ray 
neutron flux = 63 n cm hr 
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CONDUCT I METRIC PROPERTIES OF SOME SOLID TRACK DETECTORS 
AND HYPOTHESIS ON THE TRACK FORMATION MECHANISM 

IN THESE IRRADIATED AND ETCHED DETECTORS 

by Y. MARTIN-BORRET, M. BOURDEAUX, F. ROUX and C. BR I AND 

Laboratoire de Biophysique, Faculte de Pharmacia, 27 Bd Jean Moulin 
MARSEILLE FRANCE. 

Abstrat 
The purpose of this work is to study the conductivity variations of solid 

track detectors with ester function after etching and irradiation. The different 
conductimetric behaviour of these detectors allows to assume the chemical etching 
mechanism. This hypothesis seems to be confirmed by IR and RMN studies. 

AI I the papers about latent track 
formation in solid track detectors point 
out the following condition : detectors 
must have electrical resistivity above 
2 000 n/cm to record any track (1). So 
it is interesting to study the conducti-
metric properties of these insulators 
and especially the variation of their 
resistivity as a function of irradiation 
dose, etching time and concentration of 
etching reagent. For this purpose, we 
have studied cellulosic esters and poly
carbonate fiIms. 

CONDUCT I METRIC MEASUREMENTS 
Experimental procedure 

First of all, we studied a 40 ym 
thick film of cellulose dinitrate. Ana-

gave a nitrogen quantity of 12 ? 
camphre quantity (plasticizer) of 
.0 %. This material had been pro-
by Kodak Pathe Society (France). 

lysis 
and a 
about 
•ided 

CMKriva* dinltrata I R-OH ar ONO, I 

Then, we used a 40 ym thick fi Im of 
cellulose triacetate without any plasti
cizer, purchased from Bayer chimie 
(France) (Triafol TN). 
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These samples were irradiated with 
the fission fragments from 252Qf 
(10° fissions/cm2/hours). a particles 
from 241/\ni were also used after being 
reduced to an energy in the range 0 
to 2.27 Mev for a better recording. 

Etching reagents were aqueous so
dium hydroxyde solutions of 5N, 6,5N 
and 8N in a constant temperature 
bath (60° C ) . 

Then etched samples were carefully 
washed by distiMated water. At last 
they were kept in vacuum. No detec
table variation in conductivity 
measurement of a particular sample 
was observed after a sufficient drying 
time (about 10 days). The electrical 
conductivity was measured with Wayne 
Kerr impedance bridge. 

The measurement cell (fig. n°1) 
had been made in our laboratory. The 
electrodes were held by a insulating 
material in coaxial position inside 
two brass tubes, one of which was 
free of movement. This device was 
mounted in a rigid frame. The mova
ble electrode was connected with the 
other by the mean of a screw. A tor
que wrench enabled a constant pres-
sion (45 Kg/cm^) on the electrodes. 

At last, Makrofol film (44' dioxydi-
phenyl 22 propane polycarbonate) was 
chosen. 
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fig. 1 
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RESULTS AND INTERPRETATION 

It is well known that ionizing par
ticles produce breaking points in the 
macromolecular chain of organic polymer 
detectors. 

The experiments were initiated in an 
effort to display clearly the existence 
of these defects by a conductimetric 
method. No conductimetric difference 
appeared when samples were irradiated 
but not etched even for large irradia
tion doses. 

fig, 

The following values were 
- cellulose acetate : 700 
- cellulose nitrate : 310 
- Polycarbonate : 60 

It also appears on fig. n 
cellulose acetate and Makrofo 
conductivity augmentation rep 
by a monotonous increasing fu 
but this variation is very di 
according to the detector. In 
of Makrofol indeed, it is nea 
gible. 

For cellulose nitrate, th 
destruction etched one hour a 
minutes irradiation constrain 
reduce the etching time to 35 
(fig. n° 3) ; so we obtained 

The etching process of tracks, making compound a linear increasing 
channels more or less wide, more or less 
deep and so substituting bulk material 
by air should have decreased the con
ductivity of the film (because air is 
a better insulator than cellulosic es
ters) . 

Besides, samples measured in vacuum 
showed a conductivity lower than in 
atmospheric conditions. 

In fact, we observed that conducti
vity was increasing more or less with 
irradiating time, this leads to the 
idea that an another phenomenon may be 
invoked, this phenomenon would increase 
the heterogeneity of material and con
sequently its conductivity. Fig. n° 2 
summarises the results obtained with 
three detectors etched with sodium 
hydroxyde 6,5 N up to one hour. First 
of all we notice the different conduc
tivity of these three esters etched but 
non irradiated. 
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These conductivity augmentations can 
be naturraly used to know the irradia
tion dose ; in a recent work, (2, 3) 
we perfected a method based on this 
observation in order to evaluate the 
track density. It is of interest to 
compare the behaviour of the three 
compounds (i.e. cellulose acetate, 
cellulose nitrate and polycarbonate) 
at short irradiation times (below 30 
minutes) , the conductivity of cellulo
se nitrate (and only this polymer) is 
decreasing with irradiation dose. It is 
assumed that a different etcHng mecha
nism may be invoked for this detector ; 
this mechanism will be drawn later. 
Fig. n° 3 also shows the conductivity 
for a same irradiation time and a same 
etching time as a function of etching 
agent concentration. Of course, the 
augmentation of conductivity with con
centration is greater, the irradiation 
dose is more important. In the case of 
irradiation by a particules, similar 
results have been obtained but the 
conductivity variations observed are 
not so important. 
We tried to explain these conducti

vity variations. 
It is very important to notice that 

conductivity increase is not due to 
sodium hydroxyde itself remaining in 
tracks because the samples were washed 
up as long as necessary to have no more 
change in conductivity measurement. Of 
course, the thickness of the film fell 
off after etching but the chemical 
attack was lasting the same time for a 
line of samples so that the thickness 
could be modified in the same manner 
at the etching step. 

However, if track density is very 
important it is possible the chanels 
become edge to edge ; so, the decrease 
of thickness would be a function of the 
irradiation dose. It seems likely this 
effect would take a part in the conduc
timetric decrease. But that is not 
enough to explain the results ; com
putation show indeed that the observed 
variations would be correlated with a 
thickness decrease greater than the 
undammaged film thickness itself. So, 
in all probability, another phenomenon 
would take place. 

To be precise, we used a chemical 
reagent and we assume the conductime
tric variation is the result of a che
mical dammage in polymer. It is there
fore possible to invoque a saponifica

tion reaction. In the case of non ir
radiated etched samples, the above 
reaction is limited to a thin layer 
at the surface of material. When 
irradiated, the chemical attack would 
occur deeply along the latent tracks 
that allow sodium hydroxyde diffu
sion. Then chemical change, espe
cial ly formation of new hydroxyl 
groups should induce a conductivity 
enhancement. 

It would seem this saponification 
reaction would be slightly efficient 
in the case of Makrofol, For cellu
lose nitrate, (4) sodium hydroxyde 
reacts i n two ways : on one hand 
saponification (with a low rate), on 
the other hand oxydation degradation 
(with a fast rate) which would enlar
ge the tracks. So in case of short 
irradiation times, oxydation degra
dation would play a leading part. 
Perhaps that would explain the spe
cific conductivity decreasing above 
mentionned for this polymer, because 
the presence of air, a better insu
lator, in tracks. When track density 
was important, reagent diffusion in 
bulk material became easier, so that 
hydroxyl group number would be suf
ficient to increase conductivity. 

Furthermore oxydation degradation 
would be liable for nitrate sample 
destruction by 45 minutes etching 
whereas acetate film can suffer that 
etching time without being broken 
up. 

CHEMICAL TRACK FORMATION MECHANISM 
AFTER ETCHING 

The purpose of the following sec
tion is to test the above mention
ned hypothesis, drawn from observa
tions of conductimetric properties 
of samples exposed to different ir
radiation doses and then etched. 

First, in order to prove the 
existence of oxydative degradation 
reaction, we changed etching condi
tion. For cellulose nitrate we used 
a sodium hydroxyde solution in re
ducing condition (saturated by so
dium nitrate). As a result (fig. 
n° 4) a general conductivity decrea
se was observed for each irradiation 
dose. This fact could be explain be
cause hydroxyde sodium diffusion was 
more difficult, oxydative degrada
tion reaction would not be so impor
tant, so film thickness is not so 
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reduced. The inverse phenomenon that 
is to say general conductivity increase 
was observed for an nitrate sodium oxy
dative bath. 

[G 

• \ 
\ 

• 

\ 
\ 

1 i H 
\ 

i 

J 
\ 

1 

1 

1 
1 
^ A 
/ 
f 

f ' 

J 
/ 

fig. 4 

A similar behaviour is observed for 
cellulose nitrate. In the case of 
Makrofol fig. n° 6) this peak is very 
small and practically does not increa
se with etching and irradiation. Me
thyl groups and carbonates groups 
absorb at about 3 000 cm"^ and 1800 
cm respectively. The absence of 
OH groups is related first with the 
chemical forrtiula of this polymer and 
secondly with the fact that a chain 
breaking is necessary for this reac
tion. 

=\-, 

4 
COO 

On the other hand, we tried to point 
out the important enhancement of sapo
nification reaction with the irradia
tion dose and for a constant etching 
time. Two powerful tools, i.e. NMR and 
IR spectroscopies were used for such 
i nvestigations. 

First IR spectra of cellulose ace
tate are shown on fig. n° 5. It can 
be seen that the peak corresponding to 
OH groups (3500 cm 
creased 

) is clearly in-

3600 3000 2500 < 

fig. 5 
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NMR studies confirmed the above 
observations : unfortunately, solu
bility problems appeared in the case 
of cellulose acetate samples. If in
tact films are soluble in chloro
form and tnethylene chloride (NMR 
study of this polymer has been done 
by Gagnaire and Vincendon (5, 6) 
etched especially when irradiated 
films are only partly soluble in 
any solvent. This is an additional 
argument to support the hypothesis of 
the important chemical change due to 
irradiation and etching. One could 
suggest the following explanation : 
the result of the saponification is, 
in fact, to decrease the degree of 
acetyl at ion. This reaction is only 
effective in irradiation damaged zones; 
consequently polymer solubility is 
affected. 

Cellulose nitrate, probably due to 
the oxydation degradation process, is 
always soluble in acetone. NMR spectra 
of various cellulose nitrate films in 
deuterated acetone were recorded with 
a Varian HA 100 Spectrometer, On fig. 
7, 8, 9, we can see spectra of intact 
film, of 35 minutes etched with 6,5N 
sodium hydroxyde film and 35 minutes 
etched film after irradiation. The 
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peak corresponding to oxydrile groups 
appears at 6 = 3 ppm (from TMS internal 
Standard) it must be noticed that any 
water trace would give a contribution 
to this peak. However it is possible to 
compare different film spectra because 
all the samples were dryed in the same 
conditions. The area of this peak is 
slightly increased when the polymer film 
is etched but a considerable area enhan
cement is observed when irradiated and 
etched. At hight field, it can be obser
ved camphre peaks (plasticizer). Broad 
absorption lines in the range 3,5 to 6 
p.p.m are connected with the seven cy
clic protons. 

fig. 7 
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fig. 8 

fig. 9 

son C.S.F,) This high field Spectrometer 
was needed in order to detect any slight 
variation that could have occured. On 
fig, n° 10, a Makrofol film spectrum is 
shown, A typical para substitued aromatic 
signal is founded at about 7 p,p,m (8 
phenyl protons). The methyl groups 
(6 protons) appear at 6 = 1,35 p,p,m, 
A small peak at 6 = 1,25 p,p,m is at
tributed to hydroxyl groups (probably 
the ends of macromolecular chains). 
This observation fit with the conclu
sions drawn from IR Spectra, The irra
diation and etching effect is not clear 
because it is difficult to evaluate the 
hydroxyl peak importance at 6=1,25 ppm 
which is closed by methyl group peak. 
Nevertheless, in order to obtain a bet
ter information we used TFA (trifluora-
cetic acid) to shift out the OH group. 
We calculated the ratio of peak areas 
at 7 p.p.m and 1,3 p.p.m with and wi
thout TFA for each film (intact, etched, 
and irradiated etched). For instance, 
for the intact film the above ratio 
is 1,45 before TFA addition and 1,45 
after. 

JL 

NMR Spectra of Makrofol films in deu
terated chloroform were recorded with a 
250 MHz Spectrometer from Cameca (Thomp-
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fig, 10 
In the case of etched sample as ir

radiated etched samples the ratio is 
equal to 1,25 before TFA addition and 
1,45 after TFA addition (fig, 11 and 
12) (it can be observed on fig. 12 the 
shifted OH TFA peak at about 6 = 10 p. 
p.m) So it appears there is a weak aug
mentation of hydroxy] peak area for an 
etched sample compared with an intact 
film ; increase is no more important in 
the case of an irradiated etched sample. 
That is in good agreement with IR Spec
tra for Makrofol, In fact, it would 
seem likely thafreagent diffusion is 
allowed even in non irradiated sample 
by flexibility of molecules, so that 
irradiation would not matter a good deal 
for saponification reaction. 
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In conclusion, we have noticed corre
lation between conductimetric properties 
and saponification reaction for all stu
died detectors. That reaction is easier 
for cellulosic esters ; in the case of 
polycarbonate, it is more difficult. 

At last it can be note that the sen
sitiveness of these detectors, charac
terized by the critical rate of energy 

loss dx c for the lightest recorded 

particle, rate which is 0,86 and 1,41 
for nitrate and acetate (in the case of 
a particles) and which is 5.5 for poly
carbonate (in the case of 0 ) , was also 
correlated. 

Thus we have been able to approach 
chemical track etching process by the 
mean of conductivity study i.e. by the 
mean of physical property study. 
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