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.J. G. Shepherd from R. J. Schlager
November 21, 1984

SAMPLING PROCEDURES

A standard test method for determining chromium emissions from stationary
sources has not as yet been written by either EPA or the State of California.
Both agencies have, however, sampled sources for chromium emissions based on
~modifying EPA Method 5 techniques. Contacts were made with the two agencies
(Mr. Joe Noll of EPA, and Mr. Dean Simeroth of the State of California Air
Resources Board) to discuss the sampling methods employed. The sampling method
used in the present study used suggestions of the two agencies in additiom to
incorporating the experiences of CFT in analyzing samples for chromium. The
method used in collecting the samples was basically EPA Method 5 with several
modifications. The probe liner was glass to avoid any contamination from metal
liners. Filter material was Teflon, manufactured by Membrana Inc. to avoid
possible blank levels of chromium in other filter media. The 1.0 um pore size
filters exceed the performance criteria for filters specified in EPA Method 5.

A nylon brush with Teflon tubing rod was used to clean the probe after each test.
Probe washes were made using pH 2 sulfuric acid, since laboratory testing at CFT
has shown this to preserve the oxidation state of chrome-containing particulate.
100-m1 of distilled water was used in each of the first two impingers instead of
the 200-ml amount specified in Method 5. This was done to improve the sensitivity
of measuring small amounts of Cr in these solutionms.

Except for the modifications noted above, EPA Method 5 procedures were
followed in isckinetically sampling the sources. EPA Method 1 (as modified in
Federal Register, V.48, no 191, p. 45034, 9/30/83) was followed to locate
traverse points. Fyrite test kits were used in the O, and CO; determinations.

ANALYTICAL PROCEDURE

Samples collected in each test were recovered from the sample train and placed
into four containers: probe and nozzle rinse, filter, first impinger catch, and
second impinger catch. Each of the four fractions were analyzed separately. All
impinger sampies were analyzed for Cr *2 and Cr*® content, while solids were
analyzed for gH 2 sulfuric acid soluble Cr*’ and Cr’®, and pH 2 sulfuric acid
insoluble Cr*®. The analytical methodology was a colorimetric diphenylcarbazide
‘procedure and is found in Appendix A.

TEST RESULTS

Source conditions for each of the four stacks tested are given on Tabie I.
Analytical results for the samples are shown on Table II. Chemical analysis of
the impinger samples are not shown since all samples showed less than quantifi-
able levels of chromium (less than 0.00001 mg Cr*?® or Cr*® per ml of impinger
solution). Cr*® in partzculate samples was also not found at guant1tat10n levels
(less than 0.005 mg cr'® per filter, and less than 0.001 mg Cr*" per 100-ml probe
and nozzle rinse). Table III shows calculated grain loadings and mass loadings
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- SUMMARY

Four sources were tested at the Moss Landing facility
for chromium air emissions. Chemical analysis of the sam-
ples show that no Cr*® was detected in any sample. Cr*3
emissions were quantified for the Magnesia Plant Kiln 5,
Brick Plant Kiln 2, and Brick Plant chrome drier. No de-
tectable amounts of chromium were being emitted from Kiln 2
at the Magnesia Plant. ‘

* % & Kk & * % * *

INTRODUCTION

Recent interest in toxic air poliutants at-the State and local levels

‘prompted a chromium emissions survey at Kaiser Aluminum § Chemical Corporations

{KACC) Moss Landing Magnesia and Brick Plant. Four sources were identified for
testing at the Moss Landing facility - kilns #2 and #5 at the Magnesia Plant,
and tunnel kiln #2 and the "chrome drier" at the Brick Plant. The sources were
tested on September 12, 13, 17, and 19, 1984. Each source was tested twice.

Regulatory agency visitors during portions of the testing were Mr. Kenneth

A. Kitts and Mr. Bob Nishimura of the Monterey Bay Unified Air Pollution Control

District, and Mr. Cliff Popejoy of the State of California Air Resources Board.

KACC's Ceﬁter-fbr Technology (CFT) and the Moss Landing Plant Technical
Department performed the source testing, and the CFT Analytical Department pro-
vided sample analysis.






J. G. Shepherd from R. J. Schlager
November 21, 1984

for the chromium emissions for the four sources. Samples identified as
"insoluble” Cr on the Tables result from the way the particulate samples were
prepared during analysis. In the analytical workup, Cr*® and soluble Cr*?
were extracted from the particulate matter using dilute sulfuric acid (pH 2).
The extract was analyzed for Cr'® and Cr*® content, and the residual particu-
late matter underwent additional analysis for insoluble cr*? determination.
The "insoluble™ values listed in the Tables are therefore the Cr'® content

of the particulate matter after dilute acid extraction to remove Cr*® and
soluble Cr*®, Results of the chemical analysis of the field blank samples

are shown in Table IV. Process data for the sourcés tested are given in
Table V.

Sample data sheets and calculations are given in Appendix B, Calibra-
tion data for the EPA Method 5 meter case and pitot tube is given in Appendix C.

RJS:dn






' ~
Table 1 - MOSS LANDING MAGNESIA AND BRICK PLANT STACK GAS PROPERTIES
Stack Gas Conditions

Test No. Date Source Temp,°F = Static bress.? AGFM  SCFM(dry) % H,0 % 0, % CO,
1 . 9/12/84  Magnesia-Kiln #2. 80 -29.0 16,300 13,900 ' 4.9 3.0 12.3
2  9/12/84  Magnesia-Kiln #2 87 -29.0 16,500 13,900 5.5 4,0  12.8
3 - 9/13/84  Magnesia-Kiln #5 146 +0.05 5330 3420 26.5 5.5 7.3
4 9/13/84  Magnesia-Kiln #5 148 +0.05 6020 3850 26.4 5.0 7.5
5 9/17/84  Brick-Kiln #2 792 +0.20 14,900 5620 10.4 2.5 5.0
6 9/17/84  Brick-Kiln #2 778 +0.,20., 15,400 5860 . 10.9 3.5 5.0

7 9/19/84 Brick-Cr Drier 113 +0.10 6980 5870 9,2 19.5 -

8 9/19/84  Brick-Cr Drier 110 5800 8.2  19.5 -

Note: 1. 1In inches of water

+0.i0

6800



Table I1 - ANALYTICAL RESULTS - MOSS LANDING MAGNESIA AND BRICK PLANT SAMPLES

Probe + Nozzle
Filter Catch-mg Cr Rinse-mg Cr
Test No. Source crt? Insoluble crt! Insoluble
1 Magnesia-Kiln #2 ND ND ND ND
2 Magnesia-Kiln #2 ND ND ND ND
3 ' Magnesia-Kiln #5 0.01 0.10 ND ND
4 Magnesia-Kiln #5 0.01 0.30 ND ND
5 Brick-Kiln #2 0.01 3.22 0.36 0.23
6 ' Brick-Kiin #2 0.06 + * 1.88 0.09 0.21
7 Brick-Cr Drier 0.01 0.65 0.22 4.60
8 Brick-Cr Drier 0.02 . 0.91 0.31 7.20

Note: ND - not detected at methog quantitation levels
- less than 0,005 mg Cr*? per filter
less than 0.01 mg insoluble Cr per filter

less than 0.001 mg Cr*"por 100-ml1 probe and nozzle rinse
less than 0.05 mg insoluble Cr per 100-ml probe and nozzle rinse




Table III - MOSS LANDING MAGNESIA AND BRICK PLANT TEST RESULTS

grains/scf 1b/hr

, %
Test No. Source Sample Volume (scf) cr'e Inscluble cr'? Insoluble Isokinetic.
1 Magnesia-Kiln #2 31.490 ND ND ND ND 97.8
2 Magnesia-Kiln #2 30.608 : ND “ND ND ND 95. 4
3 Magnesia-Kiln #5 20.963 7.3x10"%  7.3x10"%  2.2x10"" 2.2x10°3 96.4
4 Magnesia-Kiln #5 29.314 5.3x10°¢  1.6x10™*  1.7x107" 5.2x10°%  94.7
S  Brick-Kiln #2 20.671 2.8x107%  2.6x107%  1.3x1072  1.2x10°'  104.5
6 . Brick-Kiln #2 21.598 1.1x10™*  -1.5x10"%  5.4x107° 7.5x10°%  105.0
7 Brick-Cr Drier 20.125 . 1.8x107%  4.0x107%  8.9x10°? 2.0x107? 93.4
8 Brick-Cr Drier 37.322 1.4x10°  3.3x10"%  6.8x10 ° 1.7x10""  94.6

Note: ND - Not detected at method quantitation levels given in Table II.



Table IV - FIELD BLANK ANALYTICAL RESULTS

Total Found - mg

Sample cr*? cr*s Insoluble mg/ml
Distilled Water - 9/10/84 <0.002% <0.0022 - <0.00001
Distilled Water - 9/19/84 <0.002% <0.002% - <0.00001
4" Teflon Filter- 9/11/84  <0.005 <0.005 <0.01 -
4" Teflon Filter- 9/19/84  <0.005 <0.005 <0.01 ' -
Probe Rinse - 9/10/84 <0.0012 <0.0012 - <0.00001
_Probe Rinse - 9/19/84 <0.0012 <0.0012 - <0.00001

1. Using 200-ml as an average volume of impinger sciuticn
plus rinses.

2. Using 100-ml as an éverage volume of probe rinsings.




1.

2.

3.

Table V - MOSS LANDING PLANT PROCESS DATA

Process Weight Rate (tons/hour)
Fuel Type

Fuel Rate (108 BTU/hour)

Magnesia Plant ‘

Kiln 2 Kiln 5
1374 .2'5
0il1 Gas
60 17.9

Brick Plant

Kiln 2

1.6

Gas

10.2

Cr Drier

8.0

Gas

2.6






Appendix A (Analytical Procedures for Chromium Analysis) and
Appendix B (Data Sheets and Calculations) to the report "Moss Landing Magnesia
and Brick Plants-Chromium Air Emissions Survey" were provided to the
Scientific Review Panel, and are available upon request from the Toxic
Pollutants Branch of the California Air Resources Board.*

* See note on page ifi.
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The report entitled "Evaluation of the Potential Health Effects of
Trivalent Chromium Compounds in the Refractories Industry" was provided to the
Scientific Review Panel, and is available upon request from the Toxic
Poliutants Branch of the California Air Resources Board.*

Only the Table of Contents and Executive Summary of the Report are
reproduced here. - '

* See note on page if.
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DISCLAIMER

This report was prepared by Battelle Columbus Laboratories, Columbus, Chio.
The statements contained herein are based upon general information available
from a random examination of the refractories industry, certain testing of raw
materials and products, and from other data sources. Neither The Refractories
Inetitute, any member of The Refractories Institute, Battelle Columbus
Laboratories, nor any person acting on behalf of any of them assume any
liability with respect to the use of or for possible or actual damage
resulting from the use of any information disclosed in this report.

All kights Reserved. No part of this publication may be reproduced, stored in

a retrieval system, or transmitted in any form or by any means: electronic,
electrostatic, magnetic tape, mechanical, photocopying, recording, or
otherwise, without permission from The Refractories Institute.






EXECUTIVE SUMMARY

_The Refractories Institute commissioned Battelle Columbus

Labof;tories in the summer of 1981 to conduct an independent investigation to

determine the effects of exposure to chromlum compounds on human health and

the environment. Battelle's study included a critical review of selected

publications relating to chromium toxicity, a comprehensive survey of all 30

refractory plant locations in the United States, site visits to a representa-

tive group of manufacturing plants, and an analytical assessment to determine

if trivalent chromium compounds used in manufacturing refractories were con-

verted to hexavalent materials during the mamufacturing process. The key

findings are summarized below:

(1) The priancipal forms of chromium used in making refractory brick

(2)

do not appear to be linked with cancer. This group of mate-~
rials, identified es trivalent chromium compounds from their
chemical strucﬁurés, have been used for decades to strengthen
the heat resistance of furnace brick'produced for extremely
high temperature applications. The chromium content of these
chrome~bearing refractories ranges from 30 to 90 percent of
their total volume. The conclusion that exposure to trivalent
chrome compounds does not cause cancer is'suppor:ed by negative
findings drawn from a variety of sources. These include in
vivo and in vitro bioassays, laboratory studies into the
effects of trivalent chromium on animals, and epidemiologic
studies on human exposures. _

A second type of chromdum'compounﬂ, chromic‘acid, is used in

1imited quantities for specific products at several refractory-

making plants. It is also known as hexavalent chromium, and it
is sometimes used as an additive by the refractories industry.
Leas than 550 of the 4,300 refractory workers in chrome-using
facilities are potehtially exposed to hexavalent compounds (325
of these exposed to trivalent and hexavalent, and 225 more to
hexavalent alone). Hexavalent compounds have been consistently

linked to an increased risk of lung cancer in exposed workers.

i1



Additional support for this relationship has been provided by
similar findings in laboratory animal experiments.
(3) Active programs of occupational health have been established in
most of the plants surveyed. Their concerns vary, but typi-
cally include: 1instruction in special work safety practices,
the use of peraonal.protectivé equipment to limit exposure to
particulates, monitoring of chromium concentrations in the
uorkpiace, and ingtallation of equipment to coatrol dust levels
in their plants. 1In addiﬁion, most plants require pre-employ~-
ment physical exams as periodic medical check-ups. _
(4) Those refractories plants using chrome are usually well within
'0SHA's exposure limits for chromium compounds, according to
wonitoring data retrieved during site visits. These limits,
which concern dust levels, are based on total chromium com=-
pounds present, but do distinguish between hexavalent and total
chrome content. Of the 4,300 workers employed at the plants
using chrome, no more than 1,725 are potentially exposed to Q )
trivalent cowpounds, fewer than 325 work with trivalent and .

hexavalent compounds, and less than 225 work exclusively with
hexavalent compounds. In those plants where employees do work
with hexavalent chrome, adequate exposure control measures
appear to be in place.

(5) Trivalent chromium is not transformed into significant quanti-
ties of hexavalent chrome during the manufacture of chrome-
bearing refractory products. These refractory products, when
they are shipped from the plant, usually contain trivalent
¢hrome only. This conclusion, which confirms a long~standing
-impression among industry mdneralogists, was substantiated by
analytical laboratory studies using both raw materials and
finished products from various plants.

(6) The analyses of raw materials and finished refractory products
revealed-:hat the trivaleni chromium raw materials, such as
chromite, are not subjected to conditions which favor the

formation of hexavalent chrome compounds during the production

of refractories. .x"

iii
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Asbestos Mining

TABLE 3-6

Sources and Estizates of United States
Atzospheric Chromiun Emissions in 1970°%

Source

' GCA- Estimates
Uncontrolled

Controlled

Chromium Emisaicné; metrie toﬁﬁ/zggg,. o

- Goldberg -
Controlled

Industrial Sources:
refining
steel and alloy
saterial handliing
chenical processing
refractory

Inadvertent Sources:
coal comdustion
oll conbustion
cenent production
incineration

18,700
2,407
1,100

835
k,784

7,900

336
NR
¥R

9

3,900 L

1.3 3?715.5§b e

-
L . .
B .
- -
. - .
- ]

. urce: GCA Corporaticm, 1973;
.. ER = Not reported o

‘Galdverg, 1973 . -

3-1%
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ks ‘ TATES ENVIRONMENTAL PROTECTION AGENCY
%,- UNITED sof{'.ce of Air Quality Planning and Standards
5' : Research Triangle Park, North Carolina 27711

et DEC 1 2 1984

Dr. Robert Drake
2721 0ak Valley Orive
Vienna, Virginia 2218Q

Dear Dr. Orake:

' As you may know, the United States Environmental Protection Agency-
{(EPA} 1s considering adding chromium to the list of hazardous air
pollutants under Section 112 of the Clean Air Act, as amended, August
1977. A preliminary assessment has {dentified 11 categories of stationary

sources as potential emitters of significant quantities of chromium to the
atmosphere, '

In addition to the previously identified 11 sour&e categories, EPA
is attempting to gather {nformation on other sources of chromium emissions

to determine {f they may require further study as separate source categories.
Included among these other sources are glass melting furnaces,

Because there are limited data and available information, especially
with respect to the quantities and forms of chromium actually emitted, EPA
has undertaken a program to develop additional background information on
each source category. A major element of the program consists of locating
and visiting a number of representative plants within each source category.
From these visits, one or more plants may be selected as candidates for
emission testing. The tests will be performed to quantify the amount and
form (trivalent or hexavalent) of chromium discharged from chromium
emitting facilities and ajr pollution control devices.

As we have discussed previously on the telephone, I have contacted
the State of Californfa Air Resources Board and requested available
information on the use of chromium additives in Gallo Glass Company's
glass melting furnaces in Modesto, California. I am enclosing a copy of
that request in this letter for your information, aleng with a copy of the
questionnaire that was sent to the State detailing the type of information
we are interested {n obtaining.



2
Any similar information of this type which the members of the Glass
Packaging Institute may be able to provide to EPA would greatly help in

determining the need to include glass melting furnaces as a saparate sgurce
category in this study. - _

' If you have any questions regarding this request, please contact me
at (919} 541-5801.

Sincerely,

Peter J. Schindier
Industrial Studies Branch
Emission Standards and
Engineering Division

Enclosure




TABLE 1.. Chromium Sgurces. Emissions and Risk

Source Category

-

'Emfssions

No. of Max. Risk Annual
Sources Mg/yr Lifetinme Incidence
»Chrome Plating 9,750 50 6.5X10-5 20
~>Refractory Prod. 35 90 1.6X10-1 100
~ »Chemicals Prod. 3 450-900 2.0%X10-2 12
—~tSteel Prod. | 112 2,870 9.0X10-4 11
«Municipal Incin. 129 25 2.8X10-4 3.5
¢Sewage Sludge Incin. 141 K 4] 1.0%10-3 0.8
¢Ferrochrome Prod.” X Z 43- 2.8X10-4 0.05
. "qument Production~ 163 15 ,-S.GXIU-4 - 0.4
7 "0re Refining .  x3 3 3.8X10-5 0.006
(: ~Coal & 0i1 Combustion
‘ Power Plants . 1,100 560 4.1X10-5 3
Industrial 165,000 840 - 8.0X10-4 200
Boilers o :
Comm. & Res. - - 16,800,000 - x3 | N.Ax= 70
Heating )
+Looling Towers Many 296-527

R.Aee™ “NLA.

*For 16 of 35 plants onIy
==}ot avaflable, but 1ikely to be lower than other combustion sources.
«**Not avaflable; dispersion model for aerosols being qeve1oped. -

(; Note--Al1 emissions are assumed to be 2s potent as Cr+6. Thfs will 1ikely

overest{imate risk., See text.
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Comnany in Modesto, California, as requested by Mr.

.zarlisst conveniencas would be crzatly appraciated.

UKITED 3TATES ENVIRONMEINTAL PROTECTION -GEHC?

HOV 1 9 1334

up Al Jenkins :
Srate of Californfa A{r Resgurces Board
Post Office Box 2815

Sacramanto, California 95812

Jear Mr. Jankins:

I wauld like to thank you for providing the emission testing regcrts
and related information on the glass melting furnaces at the Gallo Glass
Ron Myers in Jectober.
After raviewing the contents of the test reperis, we have determined that
thare is need for some of the information that has been omitted from tne
test raports cue to Sallo's proprietary concerns.

This latter is to request a copy of Table 1 on paga 3 of Test Resert
wg. C-Ra-Gle, "Ceissions from Glass Helting Furnaces at Galle Glass
Zamaany," “atad fugust 1924, which contains process waignt rites. and cther
siepzring congitions for the furnacas. tnclosure 1 eatails 2 further
r=quest for infarmation which may Ra available on all five glass ralting
:.peaens at Galle in 24¢iticn te that data provided {n Tanle 1. This
irformation would halp yreatly in EPA's investigation of this source
cztegory ror chromium emissions,

Znelosure 2 summarizes Ageacy and Emissfon Standards and Eagineering
Zivieizn policies and procedures for handling nrivileged information and

Lagepines EPA contractor commitments and proceduras far use cf confidential
~:tarials. SPA has contrizted with Midwest Research Institute {12 ] Vi

‘anmract He. AS=02-3817% to chtain information 2ertinent to staticnary
categorias whieh emit cnromium. Thus, MRI nas seen designatzd hy SPA

35 an 2uthorized repressntative of the Ageacy. It is EPA's moligy thaz
eamaliance hy an authorized rearasantative with the requiremants dataii=q
.» incicsure ¢ provides sufficient protecticn rar ine rignis of 3
~f zrivilepsd informatinm,

PR ILR L IPEl

Your affores to proviae TFA with this rejusstad infar—2zicn at yuor

S If you rave any cuesiion
recarding this request, please contact Hr. Peter Schindier 2t (51%) 53i-5%CL

Sincurely,

Stanlny T, Cuffa, Thiaef

©
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ENCLOSURE 1

Please provide al] of the information which may be available concerning
these top1cs

- Average feed rate and average product pull rate at each furnace

during a melt cycle.

Feed rate of NasCr207 or other chromium-containing additive
(1b/ton of virgin feed).

Cullet ratio-percent recycled from product.

Percent chromium in finished product.

Individual furnace stack parameters

diameter .
temperature
gas flow rate
height

haight of tallest bujlding within one stack height

Any other emission test results on -chromium from class furnaces at
Galio or other plants.

o
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SACRAMENTO, CA 95812

June 18, 1985

Ms. B, J., Kirwan

McClintock, Kirwan, Benshoof,
Rochefort, and Weston

611 West Sixth Street, Suite 2100

Los Angeles, Ca 90017 ‘

Dear Ms, Kirwan:

comments on Draft Chromium Report

Thank you for the comments and suggestions of the Ad

floc Environmental Group of the glass industry on the Draft

- Chromium Report. We have referred their comments on Part<B to

(_ the Department of Health Services (DHS) for response. Their
comments, the DHS response, and this letter will be included in
Part C of the Report to the Scientific Review Panel on Chromium.
You will received a copy of that report. I am responding to
their comments in the same sequence in which they appear in your
letter. : ‘

Page 4, paragraph 2: Several people commented, as you
did, that estimation of excess cancer burden based on the
assumption that all ambient chromium is hexavalent is confusing
or inappropriate. Conseguently, to reduce the possibility of
confusion, we have, in revising the report: 1. removed the table
entitled "EXxcess Cancer Burden . . ." (overview, page 9); 2.
deleted discussions of excess cancer risk presented which are
based on the assumption that all ambient chromium is hexavzlent;
and 3. provided an estimate of a range of excess cancer risk from
ambient hexavalent chromium based on measured chromium(VI)
concentrations.

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship,. and that the
ranges of excess cancer risk presented in the overview have been
changed accordingly.
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Page 5, paragraph 2 and 3: We understand your
sensitivity to possible public perception that &ll chromium may
be "toxic."™ We have endeavored throughout the draft report to
maintain a distinction between chromium(VI) ana other forms of
chromium, whenever technical data allowed such a distinction to
be made. In cases where a lack of adegquate data on the form or
state of chromium in a particular usage or emission precludes its
classificaton as chromium(IV) or chromium({(III), we have so
indicated, and used the more general term "chromium* or "total
chromium.” .

In the draft Report, we present the required estimates
of usage and emissions of chromium {differentiated as to its-
oxidation state, wherever possible). Estimation of cancer risk
due to chromium(Vl) is based directly on measured ambient air
concentrations of total and hexavalent chromium and subsequent
exposure assessment. The fact that current limited knowledge of
certain sources does not permit the classification of chromium
emissions as hexavalent or otnerwise, does not affect the
estimation of cancer risk from measured ambient chromium
exposure, nor does it ®"increase it... beyond the facts,"™ as you
state, In the Draft report, the emission estimates and the
exposure assessment used to estimate excess cancer risk are
independent. : : =

We believe the information presented in the draft
report on usage and emissions of chromium, and specifically on
chromium(VI), is adequate along with the exposure assessment and
DHS health effects information, to justify listing chromium(VI}
as a toxic air contaminant. A major part of any control effort
for chromium(VI} will be a refinement of the emissions inventory,
including direct measurement of emissions to detect and measure
mass emissions of chromium(VI) from various source types.

Page 6, paragraph 3: Thank you for .the information
that there are six green glass manufacturers in California. Wwe
will change our report to reflect this fact. Your statement
that, "At this time, all green glass colorant used is iron
chromate or trivalent chrome,” is unclear. Typically, iron
chromite, which contains chromium in the trivalent state, or
hexavalent chromium, are used as green-glass colorants., If iron
chromate is being used in California, we would appreciate further
information on its usage, because ARB source tests indicate that
processes using chromate colorants have a greater potential for
hexavalent chromium emissions.

Page 7, paragraph l: The data conceraing chromium({Vl)
emissions from & large green glass manufacturer and cited in the
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report are from a final ARB report (given as ref. 1-19 in the
Draft Chromium Report) which received public review and which was
modified to address the comments received. Further testing of
that large green glass manufacturer is scheduled because
formulation changes have occurred which may affect chromium({vI)
emissions. Based on information supplied by industry, the
information gathered in 2pril, 1964 on chromium(Vl) emissions
from that large green glass manufacturer may not represent
‘current emissions; however, we believe that the 1984 test data
are technically supportable, and are representative of emissions
from the plant at the time of the tests. .

Page 7,.paragraph 2: The ARB's interest in potential
chromium(VI) emissions from clear glass plants is supported by
EPA or EPA-sponsored reports indicating that greater than trace
levels of chromium({Vvl) had been measured in the enissions of
clear glass plants; these were cited as references 20 and 21 of
Section I of Part A of the Draft Report on Chromium.

Subsequent to the issuance of the draft chromium
report, data became available on chromium (hexavalent and total)
emissions from a clear glass plant in California. As you
indicated, emissions of chromium(VIi) were very low in this test,
We will indicate this in the revised report. BAny decisicns on
the source types to be evaluated for controls will be made during
the control development phase. We expect addaitional data from
ARB and industry emissions testing of glass plants will be
available if we do proceed to a control development phase for
hexavalent chromium .

Page 7, paragraph 3: The emissions listed in Table I-1
for refractory production were trivalent chromium, We have
estimated maximum chromium(VI) emissions based on the detection
limits of the source test performed for chromium(VI) at Kaiser
plant, and will indicate in the Report that emissions of
chromium(VI) are less than that amount.

Page 8, paragraph 2: Estimates of chromium(VI)

- emissions from glass manufacturing were not included in Table I-1
0of the Draft Report because there is insufficient evidence
available to make an accurate estimate of statewide emissions,
not because the source category is believed to be insignificant,
We bhave clarified this in the report.

We note that in the letter from Peter J. Schindler of
the U.S. EPA to Mr. Robert Drake (dated December 12, 1984) which
you attached to your comments as exhibit 6, Mr. Schindler states:
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*In addition to tr previously identified 11 source
cateqories, EPA is attempting to gather information on
other sources of caromium emissions to determine if
they may regquire further study as separate source
categories, 1Included among these other sources are
glass melting furnaces.” .

We believe the omission of the glass industry in Table
3-6 0f the "Health Assessment Document for Chromium®™ reflected a
lack of information by EPA on emissions from the industry and is
not an implicit statement that glass plants do not have the
potentizl to emit chromium, or that these emissions are, or are
not, significant.

Page 9, paragqraph 2: An EPA sponsored test, cited as
reference 20 in Part I, indicates that chromium was emitted from
a green glass furnace in which chromium(VI) colorants were used:
the oxidation state of the chromium was not specified. Because
the information is not specific to chromium(VI), and because ARB
testing of a California green glass plant using chromium(VI)
colorants showed significant chromium{VI) emissions, reference to
the EPA sponsored work in regard to this point has been removed
from the report. _ -

Page 9, 10 {conclusion): The best available emission
data and usage information on chromium(VvI) have been used in the
report. Where data were insufficient to permit c¢lassification of
chromium emissions as hexavalent, tocal chromium was reported,
and deficiencies or uncertainties in the data identified in the
reporc. Any contreol decisions will be made during a control
aevelopment phase, if chromium(VI) is iacentified as a Toxic Air
Contaminant by the Air Resources Board.

Again, thank you for your comments. You may contact
Cliff Popejoy at (916) 323-8503 if you have further guestions.

Sincerely,

! 0 -
JC’W«»W be,é;z/
William V. Lo toff, Chi

Toxic Pollutants Branch
i Stationary Socurce Division

cc: Peter D. Ven;urini
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May |4, 1985
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COMMENTS ON ARB/DHS
DRAFT REPORTS ON CHROMIUM

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

P.O. Box 2815

Sacramento, CA

Dear Sir:

Chevron has reviewed the- draft reports on Chromium ond we appreciate the
opportunity to comment prior to submitting the reports to the Scientific Review

" Panel. The following summarizes our major observations on both "Part A - A Review

of Chromium Uses, Emissions and Public Exposure” and "Part B - Health Effects of
Chromium." More detailed comments prepared by our experts at Chevron Research
Company and the Chevron Environmental Health Center are included as attachments.

PART A

The overly concervative assumptions made in the selection and handling of exposure
data result in on estimated exposure level of hexavalent chromium that may be as
much as a factor of six too high, When this overly concervative exposure estimate is
coupled with the Department of Health Service's dose response data, the result is an
estimated population risk that is also a factor of six foo high (See items | and 2 on

Attachment 1),

PART B

The epidemiology studies used as a basis for the Department of Health Service's risk
assessment may be adequate for a qualitative evaluation of health risk, but each of the

- studies sited has at least one major defect which seriously limits its use as a basis for

quontitative risk assessment (See Attachment i), Therefore, we believe:

)] It is premature to produce statistical estimates of risk based on current
data, and : _

2)  Risk management decisions should not be made until sufficient data is
available to make a quantitative risk assessment, '

We hope these comments will be of valve in revising your draft documents. If you
have any questions, please contact Mark Nordhiem ot (415) 894-6107.

Sincerely,

W T. Dam lm/

, - :f"_, e
HWA £
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ATTACHMENT |

CHEVRON COMMENTS ON
THE AIR RESOURCES BOARD DRAFT "PART A® REPORT ON CHROMIUM

The Ailr Resources Board Staff report recommends that only hexavalent
chromium be listed as a Toxic Air Confaminant since there is insufficient
evidence that trivalent chromium causes cancer. However, annual ambient
concentration estimates used to predict excess cancer rates are based on
measurements of total chromium. At the same time, the Part A report states
that recent ambient data show hexavalent chromium represents up to one-third
of the total chromium present in the agir. Therefore, the estimated ambient
concentrations of hexavalent chromium and the resulting predicted cancer rates
are unrealistically high by ot least a factor of three.

The ARB measured chromium in nine cities during 1982-1983. However their
program did not cover a full year. For ‘this reason, the annual ambient
concentration estimates for chromivm are based on 1977 monitoring data from
EPA's National Aerometric Data Bank. These measurements were originally
obtained from wvarious public agencies, which probably used a variety of
collection and analysis methods. For the three cities included in both data bases,
average chromium ‘levels measured by CARB are a factor of two lower.
Therefore, using the EPA data results in predicted cancer rates that may be a
factor of two high. When this effect is combined with the effects of item one
above, the result is a cancer risk estimate that may be a factor of six too high.

The relative magnitude of hexavalent chromium emissions from various sources
needs to be better defined before an effective control program can be devised.
. Cooling tower emissions illustrate this point. According to the draft report, they
may be responsible for as little as 0.6% or as much as 20% of total chromium
emissions from stationary sources. A more precise sstimate is required to
determine whether controls should be considered for this source category.






ATTACHMENT I

' - CHEVRON COMMENTS ON
THE DEPARTMENT OF HEAL TH SERVICES DRAFT "PART B" REPORT ON CHROMIUM

Following a review of the DHS/EPA risk assessment for chromium, we are concerned
“that .the epidemiology studies cited by both the DHS and EPA are inadequate for the
quantitative estimation of cancer risk associated with ambient airborne concentrations
of chromium. Each of the studies selected has at least one characteristic (such as
questionable quantitation and speciation of airborne chromium levels, concurrent
exposure of the cohort to known carcinogens, ond poor cohort definition) which
seriously limits their utility for quantitative .risk assessment. Most of these
characteristics tend o overestimate the risk. The use of questionable data as the
. basis for a risk assessment can only result in estimates of dubious accuracy., For this
reason, we believe it is both premature to perform rigorous mathematical estimates of
risk based on the availabie dota and misleading to present such estimates to risk
managers as accurate. Our concerns for each of the studies cited are outlined below.

Pokrovskaya, et. al.:

I. In reviewing this study EPA concludes "although this study showed a

- significant increase of lung cancer mortality over the control group, the
validity of the data is questionable because the study cohort is not clearly
defined." Thus, it is inappropriate to use this data for a rigorous risk
assessment.

2. In addition to chromium, the study's authors .reported that workers were
exposed fo other potentially carcinogenic substances including benzo (a)

pyrene and furnace gases. No attempts were made to account for these
confounding factors. '

Axelsson, et. al.:

l.  The authors of this study concluded that there was no association between
employment in the ferrochromium industry and risk of respiratory cancer.

Thus this data-is theoretically useful only in calculating an upper-bound
estimate of potency. '

2.  Because of the confounding effects of smoking and exposure to asbestos
- (two of the four cases of respiratory cancer observed were diagnosed as
mesotheliomas), no definite conclusions should be drawn from this study.

Langard, et. al.:

l. Ambiguity exists over the authors' classification of the observed cases of
"lung cancer.” This raises guestions as to the authors' comparisons of
observed and expected cases. If the observed number of "ung cancer”
cases includes mesotheliomas, then the stated "lung cancer" risk due to
chromium may instead be a partial reflection of the asbestos exposure
believed to have also occurred in this cohort.



3.

Mancuso:

-2-

Measurements of airborne chromium levels were not taken until 1975, and

may seriously underestimcre the actua! ambient levels to which most of
the workers were exposed. EPA states that "These concentrations are used
in our potency caluclations, with the understanding that the potency so
esﬁmc;'red can only be considered an upper-bound estimate" (emphasis
added).

As in the Pokrovskaya study, these ferrochromium workers may have been
exposed to two other carcinogens, asbestos and polycyclic aromatic
hydrocharbons.

in reviewing this study, the EPA concludes that the observed association
between chromium exposure and lung cancer is "based on very small
nurmbers, and thus the findings of g dose-response is probably questionable."

Two factors that may result in an overestimation of the risk association
with exposure to chromium from the cpplication of this study's resuls are:

a. The 1949 industrial hygiene data used in this study may
underestimate the workers' exposure.

b. An implicit assumption was made that the smoking habits of
chromate workers were similar to those of the generai white male
population. ‘
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STATE OF CALIFORNIA

AIR RESOURCES BOARD

102 Q STREET

SACRAMENTO, CA 93812

June 13, 1985

Mr. W, T. Danker

Manager, Environmental Programs
Chevron U.S.A., Inc.

575 Market Street/P. O. box 7643
San Francisco, CA 94120-7643

Dear Mr. Danker:

comments on Part A of the Draft Chiomium Repbrt

Thank you for your comments and suggestions on the
Draft Chromium Report. The Department of Health Services will
prepare responses to your comments on Part B, Those responses,
this letter, and your comments will be included in Part C of the
Report to the Scientific Review Panel. We will send you a copy
of that report. Briefly, our response to your comments in
Attachment I to your letter are as follows:

1.  several people commented, as you did, that the
applzcatlon of dose-response data for hexavalent chromxum to
total ambient chromium concentratjions provides estimates of
excess cancer risk which, because they represent worst case or
upper bound estimates, are unrealistically high. We have revised
the overview to include estimates of excess cancer risk which
reflect current knowledge of ambient hexavalent chromium
concentrations. The resulting risk estimates are approximately
one-third the value of the upper-bound estimates,.

- Please note that the Department of Health Services has
revised the upper-bound dose response relationship, and that the
ranges of excess cancer risk have been changed accordingly.

The ARB is working to better characterize ambient
levels of chromium{(Vvi) in California. As more temporally andg
spatially specific data on chromium(Vi) concentrations becomes
available, it will be possible to make a better estimate of the
health impact of ambient chromium(VI).
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_ 2. Ampient concentrations of total chromium measured
b the ARB in 198:2-83 are lower than those in the EPA National
L:rometric bata Bank for 1977 because different sampling methods
~27e used. The EPA data is from samples collected using’
..:gh-volume samplers, which collect particulate matter less than
23 micrometers {(um) in diameter; ARB data is from samples
collected using dichotomous samplers, which collect particulate
matter less than 10 um in diameter {inhalable particulate).

The difference between EPA and ARB data is indicative
of a difference in sampling techniques which provide information
on the particle size distribution of chromium particulate, rather
than of differences in ambient chromium concentrations,

3. We agree that an improved emissions inventory will
be an important part of any control program for hexavalent
chromium. A decision on whether or not to require controls on
specific source types will be made during the control measure
development phase,

Again, thank you for your comments. If you have any guestions,
please contact Cliff Popejoy of my staff at (916) 323-8503.

Sincerely,
William 7. Loscutoff, ief

Toxic f7ilutants Branch
Stationary Source Division

cc: Peter D. Venturini




Diamond Shamrock

May 14, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board:
Sacramento, CA 95812

RE: March 1985 Draft _
Report +to the Scientific Review Panel on Chromium

Dear Mr. Loscutoff:

'I‘h:.s letter is submitted to forward caments on the
above-referenced draft Report to the Scientific Review Panel on
Chromium. These camments should be considered as being
additional to those previously submitted by ocur Mr. Ralph
Tenple.

If you have any questions on these caments, please letm]u'm
at (214) 522-2739 on the letterhead address.

Sincerely,

Wl

Technical Manager, mvz.romrmtal Affairs
/kav

, - | ‘\\il\ A\
Diamond Shamrock Corporstion
Worlg Headquarters, 717 Nortk Harwood Street. Dailas. Texas 75201 Phone: 214 922-2000



COMMENTS ON PART A, SBECTICN ITI.
AMBIENT CONCENTRATICNS IN THE COMMUNITY

1. "Non=Detectable®™ Data Handling: All ambient samples which contained
non—detectable chrarium levels were entered into the analysis as positive
values. These data points were assumed to be equal to "one-half of the lowest
non-zero concentration measured" (Page III-1). This assumption forces the data
sét minimums to be 4 ng/m3 of chramium. This method appears to have little
merit or statistical support, particularly where the data is then fed into a

linear carcinogenicity model.

2. Chromium Valence State: This report bases its cancer incidence assessment
on the assmrpt:.on that ambient chramium is entirely hexavalent in form. This
assumption is invalid, particularly in light of the unreported S.C.A.B. data
reported on Page ITI-8. This non-peer reviewed data is quoted as showing that
only approximately one~third of the ambient chromium is hexavalent. Thus, the
total chromium flgu.res fram Table IT1I-1, I1I-2, III-3, III-4, III-5 and III-6
snould be evaluated in this context.

3. Synerq:;sn of Assumptions-Cancer Risk: The two assumptions cbjected to
abcve operated synergistically to bias the entire analysis. To see the
problems with these paired assumptions, one should examine the application of
these assumptions to the zero ambient chromium theoretical condition. In this
case, while absolutely no chromium would be present, the model would be based
on uniform assumed values of 4 ng/m3 {(all hexavalent). Application of these
assumad values to Figure A (Page 8) would result in an "estimated excess cancer
burden™ of 130 to 18,000 cases. Thus, despite an absence of envirormental
chromium in this hypothetical case, the model used would predict major public
health impacts.

4. Monitoring Site Location: The monitoring sites at which the ambient
chromium data were collected were not justified by modelling or other means as
being appropriately located to be representative of the public exposure in
their respective areas. Without such siting qualification, the assumptions of
population exposure made on Page III-8 through ITY-19 are invalid. Impacts
fram intermittent local sources, which would normally disqualify air quality
monitoring sites, were in fact used to explain away data variabilities. Thus,
without a clearer examination of the monitoring site locations, nearby socurces,
and local meteorology, one should disallow much of the data as not being
representative of the nearby populated areas.

5. Data Accuracv: Page III-19 states that "the accuracy of the chromium
measurements is undocumented". Any data presented without adequate quality
controls should be removed, as should any data not subjected to prior peer
review.,
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June 17, 1985

Mr. M. M. skaggs, Jr.

Technical Manager, Environmental Affairs
Diamond Shamrock Corporation

717 North Harwood Street

Dallas, TX 75201

Dear Mr. Skaggs:

COmments on Draft Chromium Rgport

. Thank you for your comments on the Draft Chromium
Report. Your comments and our responses will be included in
Part C of the Report on Chromium to the Scientific Review Panel.
We will send you a copy of that report. Our responses to=your
numbered comments are as follows- : ‘ ‘

l. Non-Detectable Data Handl1ng

The replacement of zero values in the EPA Natiocnal
Aerometric Data Bank data used for the exposure assessment with a
value one-half of the lowest reported non-zero concentration was
done to provide a better estimate of average concentrations than
would be the case if the zero values were either eliminated from
consideration, included as zero, or included as being equal to

. the lowest non-zero concentration measured during the year. The
percentage of observations at each site reported as zero ranged
from 3 to 77. The overall average percentage of concentrations
reported as zero was 27. Two-thirds of the sites (10 of 15) had
33 percent or fewer zero values, and one-third of the sites (5 of
15) had fewer than 10 percent zero values,

2, Chromium valence shate

Several people commented, as you did, that the
application of dose-response data for hexavalent chromium to
total ambient chromium concentrations provides estimates of
excess cancer risk, which, because they represent worst case or
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upper-bound estimates, are invalid. We have revised the overview
te include estimates of excess cancer risk which reflect the
current knowledge of ambient hexavalent chromium concentrations.
The resulting risk estimates are approximately one~third the
value of the upper-bound estimates.

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship, and that the
ranges of excess cancer risk have been changed accordingly.

The data on hexavalent chromium concentrations in the
South Coast Air Basin which were used to estimate risk from
ainbient chromium{VI) were based on ARB method 106, Procedure for
the Sampling and Analysis of Atmospheric Hexavalent
Chromium(VI). We have included a copy of Method 106 in Appendix
D of Part A. A limited interlaboratory study of this method has
shown agreement within 25 percent. Method development for
chromium(Vi) analysis is presently being done by the Inorganic
Toxics Analytical subcommittee of the Toxics Air Monitoring
Technical Advisory Committee (TAMTAC) which is comprised of
technical representatives of Federal, State, and local air
guality and public health agencies.

3. Synergism of Assumpticon Cancer Risk

. The two assumpticr: which you object to were discussed
above; in summary, we believ: the usze of one-half the lowest
non-zero concentration measured for observations reported as zero
yeilds the best estimate of concentration possible using existing
infermation. In addition, data on amkbient hexavalent chromium
concentrations were used to estimate a range of risk from
hexavalent chromium. Because estimates of hexavalent chromium
enissions indicate that hexavalent chromium is emitted to the
atmosphere ¢f California, the "hyvpothetical case" of "zero
arbient chromzum®" is unlikely. Efforts are underway to better
characterize ambient chromium{VI) concentratiohs at sites
throughout the state. As additional c¢ata become available, we
will be able to better assess the public health impact of ambient
chromium(VI).

4. Monitoring Site Location

The monitoring sites at which the EPA NADB data were
collected were established to provide data z=2flecting
population-oriented chromium concentrations.l

Discussions of peak-to-mean ratios of TSP chromium and
of di-chot fraction- chromium were incuded in the report to
provide an indication of the homogeneity of source areas.
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Because chromium(VI) at the levels observed in ambient air is
expected to have a chronic effect, the lifetime exposure or dose
to the individual is used to estimate health impact. Therefore,
intermittent sources of chromium{VI) are significant and should
be considered in estimating population-oriented exposure. Based
on these factors, we believe the data is representative of
population exposure, and its use is appropriate.

5. Data Accuracy

While the absolute accuracy of the EPA database is not
documented, certain procedures have been implemented to provide
for reliable data. The chromium data were originally sampled and
analyzed by a number of different agencies; these agencies
presumably applied acceptable guality assurance practices during
the collection and analysis phases. Additionally, after the data
were received by EPA, they were subjected to several checks2
to assure accuracy and completeness: edit checks, to determine
whether the data met minimum completeness requirements; data
validation, to determine whether the data reflect true or
realistic situations based on guidelines values, reasonable range
checks, etc.; and certification, review of data after
validation. We feel that the EPA data used to assess exposure
was collected using adequate quality controls, and that Teview by
various agencies represents sufficient peer review,

Thank you again for your comments. If you have any
questions, please contact Cliff Popejoy, at (916) 323-8503.

Sincerely,

i Ut

William V. Loscutoff, cwileds
Toxic Pollutants Branch
Stationary Source Division

Attachment

cc: Peter D. Venturini
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Attachment
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1. U.S. EPA, December 1984, Aeros Manual Series, V5: Aeros
Manual of Codes, 3rd ed. EPA-450/2-76-005B. U.S. EPA National Air
Data Branch, Research Triangle Park, NC.

2. U.S. EPA, February 1976, Aeros Manual Series, Vl: Aeros
Overview, EPA-450/2-76-001, U.S. EPL, Office of Air and Waste
Management, Research Triangle Park, NC.
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May 13, 1985

Mr. William V. Loscutoff, Chlef
Toxics Pollutants Branch
Re: Chromium
California Air Resources
Board (ARB)
P.0. Box 2815 _
Sacramento, CA 95812 : .

Dear Mr. Loscutoff:

Comments on Draft Chromium
Rigk and Exposure Assessment

PGandE supports the draft assessment's apparent conclusion
(“ that only hexavalent chromium could be considered for
poss1h1e identification as a toxic air contaminant at this
time. However, PGandE suggests that conclusion should be
more clearly stated, and the rest of the report should be
~ more con51stent with that conclusion.

In August 1984, the Environmental Protectlon Agency (EPA)
final chromium risk assessment concluded on page 2-11 that
‘trivalent compounds have not been reported to be carcino-
genic by any route of administration. In its Part B report,
the Department of Health Services (DHS) concluded that there
is inadequate data to confirm or refute the carcinogenic :
potential of trivalent chromium. Nevertheless, the Part B
summary concludes “"The DHS recommends that the ARB take the

- increased carcinogenic risk from exposure to chromlum3
(emphaslsladded) assfallzng in the range of 3.0 x 10 -~ to
9.3 x 10 ~ per pg/m”.% That recommendation is the most
important part of this entire assessment. PGandE suggests
that it be clarified that the DHS is not recommending apply-
ing hexavalent chromium based risk estimates to all chromium
compounds.

The EPA assessment also concluded that hexavalent chromium
compounds have not induced lung tumors by inhalation

- {page 2-11). We understand the health protective concerns
which have caused the DHS to nevertheless recommend that
hexavalent chromium be regulated as if we were certain it

<
&Y
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created the upper bound health risks 1mp11ed by some
epidemiological studies. But the overview table entitled
"Estimated Excess Cancer Burden to Selected California
Populations" fails to acknowledge that the actual risk may
be zero. This is particularly misleading since one of the
"health conservative" estimates is labeled as “low." It
'should be clarified that this is the lower upper bound, not
an absolute lower bound, estimate. A footnote should also
be added acknowledging the uncertainties of these health
protective risk extrapolations and the possibility that the
risk might actually be zero.

rGandE is disappointed that the "best" burden estimate is
based upon an assumption that all ambient chromium is hexa-
valent when the only data cited indicates that only one-
third of the ambient may be hexavalent. The ARB should
either delay finalizing the report until it has better data
or should base its "best" estimate on the best data avail-
able. In any event, it is clearly inappropriate to apply
the 100% hexavalent assumption to any “low" estimate.

Table I-1 in Part A lists sources of chromium emissions.
PGandE suggests that the ARB expand that table to include
HIGH, BEST, and LOW estimates of the fraction of total
chromium emissions from each source believed to be
hexavalent. Absent data to the contrary, PCandE suggests
that the ARB should rely upon the conclusion, implied on
page 2-3 of the final EPA assessment, that oil combustion
sources are unlikely to be sources of hexavalent chromium.

PGandE appreciates this opportunity to comment on the draft
chromium assessments. Please call Mr. J. T. Holcombe at
{(415) 972-6910 if you have any questions regarding these

- comments.

Sincerely,

-—;—’ZA{ [
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'2. SUMMARY QND CONCLUSIONS
2.1. INTRODUCTION

Trivalent Chromium (Cr III) is considered an essential micro-nutrient at
relatively‘low levels, largely because chromiup deficiency results in a buildup
of glucose in the blood. At much higher lévels, certain hexavalent chromium
{(CrV1) compounds are known to be carcinogens., Thus, chromium is unique among the
metallic elements, given. its paradoxical roles in both nutrition and
carcinogenesis. The seemingly contradictory information cn the effects of

chromium is being clarified through increasing understanding of the role of the

differing oxidation states and types of chrodium compounds, which apparently '

determine the relative risks and benefits to human health of chrowiumn in its
various forms.

In the ambient environmént, however, most of the monitoring infermation has

provided only .total elemental chromius levels.  Outside of occupational’

settings, only limited inforpation exists on the types of chromium compounds to

which the publie is exposed, although the tfivalent form is known to be
predominant, The assessment nhiéh follows focﬁses on several key areas which
bear on the kind and extent of effects associated with chromium éonpounds:
sources and conceﬂtrations of important chromium compounds (particularly Cr(III)
and Cr(VI)); measurement methods; pharmacokinetics and essentiality; toxic

effects in man and animals; and carcinogenic risks.

.2.2. FORMS, SOURCES AND CONCENTRATIONS OF CHROMIUM

Chromium is a metallic element which occurs in nature primarily as the

winerzl chromite; elemental chromium does not cecur naturally. Chromium exists

e




in four oxidation states,.but only two of them, cr(IIT) éﬁd Cr(VI), appear to be
important, owing to the;r predominance and stability in the ambient environment.
All forgs are influenced greatly by pH, which affects the solubility and
subsequent reactivity of chromium ions. Trivalent chromium is chemically basic,

.
Hbile hexavalent chrowium is acidiec.

Trivalent chromium is the most stable oxidation state, and the most
important chemically. 1Its foremést characteristics are its ubiquitousness in
the environment as part of the earth's crust, and its tendency to form
kinetically inert hexacoordinate complexes. It reacts with aqueous hydroxides
to form insoluble chromium hydroxide. Hexaialent.chromium is thé second most
stable state, but the most important toxicologieally, It.occurs rarely in
nature, apart from man's intervention, because it is readily reduced to Cr(IIT)
in the presence of organic matter, It is quite scluble, existing in solution as
a complex anion. Bowever, in certain soils and natural waters, it can remain
unchanged for protracted periods of time.

Chrogite ore is not mined in the United States, but Cr(VI) chemicals are
produced {rom imported ores, émdunting to 21% of total 0.S. chrowium consumption.
Metallurglecal processes constitute approximately 60%, and refractory uses about
18%. Little direct information exists on the speciation of chromium compounds in
the environment, because of the limitations of existing measurement methods (as
d?scribed below). Accordingly, knowledge of chromium chemistry and its sources
oust be relied on in estimating the relative ambient contribution of different
specigs. Direﬁt sources include chemical and refractory piants; indirect
sources include fossil fuel combustion, waste incineration and cement plant
epissions.

Some source. categories are likely to emit both trivalent and hexavalent

forms of chromium. These are steel, refractory, cheewicals manufacturing, as well
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as sewage_sluage and municipal incineration. booling towers and chrome plating
facilities emit hexavalent chrowium, and chromium ore refining, ferro-chromium
prdduction, cenent production, and coal and o0il combustion are likely to be
sources df trivalent chromium. Maximum annual average ambient (totzl) chromium
1é§e13 within 20 kilometers of these sources range ffom approximately 0.01-13.50
pg/m3. ' )

Background ambient air concentrations of total chrowium have ranged from as
low as 0.005 ng!m3 (at the South Pole) to 1.1 ng/m3 in other remote areas of the
world. In the United States, recent wonitoring of the azmbient air in many urban
and non-urban areas has shown total chromium concentrations averaging in the

range of approximately 0.005-0.157 ug/mS. The mpaximuas 24-hour average

3 in the Baltimore, MD area.

concentration found for any one site was 0.684 Hg/m
Because Cr(II1I) is highly stable and Cr(VI} reacts over time to form Cr(III), it
is assumed that most chromium in ambient air occurs in the‘trivalent state.
Monitoring of‘both'the specieé and oxidation statés_of chropium in the ambient
air should be a pr;ority for future regearcﬁ. |

The chromium éoncéntration in 0.3, waters varies with the type of
surroﬁnding ihdustrial sources and the type of underlying soils. An analysis of
approximately 4,000 tap water samples in representative U.S. c;ties showed
chromium concentrations ranging from 0.4 to 8 ppb. Chromium levels in soil vary
with soil origin‘and degﬁeé of contamination from anthropogenic sources. Tests
on domestic.soil have shown chromium concentrations ranging from an average of
14.70 ppm. Because the amount of ch;omium in food and food plants is relatively
low, 'and because chromium does not’ appear to accumulate in mammalian systems,

bioczccunpulation in the soil-plant-animal system does not appear to be a

significant exposure source,

ey By
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2.3. MEASUREMENT METHODS

One of the main problems in assessing the effects of chromium on human
health is the lack of adequate wmethods %to measure th; types and awmounts of
chromium compounds. Prior to 1978, urinary chromium levels fell within the range
of 2 to 20 ug/L. 1In 1971, radio-tracer experiments indicated that approximately
0.5-1% of the chromium was absorbed throught the digestive system. Accordingly,
chromium excretion of 10 pg/day would correlate with a chromium intake of 1-2
mg/day. However, few diets contain more than 100 pg/day chromium; this anomaly
was resolved by shoﬁing that the background collection capabilities of the
analytical wethods used to ameasure chromium (atomic absorption) were inadequate
for chromiuw determinations.

Several methods are available for measuring elemental chromium in both
environmental and biological sawmples. . These include atomic absorption
spectroscopy, instrumeﬁtal neutron activation analysis, X-ray fluoroescence, and
particle-induced X-ray emisaions (PIXE). While these wmethods are sensitive to
the ppb level, problems in sample collééfign; preparation an& interferences are
shared by all. In biological samples, neutron activation analysis data tend to
be lower than atomic absorption and X-ray.fluorescence data. 7Tn environmental
samples, neutron activation analysi# datz are higher. Generally, a comparison of
the results indicates that wmodified atomic absorption spectroscopy provides
relatively reliable analyses. Another probtlem in chrowium determination is the
lack of adeqﬁéte reference materials. Ideally, reference materials should match
the samples to be analyzed with respect to chromium levels and each reference
composition. Because the materials are not yet atandardized, inter-laboratory

comparisons are difficult.
Techniques for wmonitoring hexavalent chromlum are also subject to

considerable error. For example, although the OSHA colorimetric method is the
L ]

2.4




<

L

most commonly used analytical tool, particularly in occupational settings, .low

sample recoveries have been reported in chromium levels of less than 10 pg.

2.4. PHARMACOKINETICS AND ESSENTIALITY

2.4.1. Atsorption, Transport and Excretion. An understanding of the role of
chromium as an essential nutrient and causative agen£~ in toxicity and
carcinogenicity requires knowledge of the rates of absorption, mechanisms of

absorption, transport and organ distribution of the various chromium-containing
compounds. There are three primary routes of entry for chromium into the human
body. For most people, the gastro-intestinal {GI) tract is the primary route of
uptake, while in occupational exposures the airways and skin are the most
important routes of uptake. Rates of uptake in the GI tract depend on a number of
different factors, such as the valence state of chromiuw in the compound, the

water solubility of the compound and thé'passage'of time through'the tract.

'_Uptake in the airways is glso.influenced by the particle size distribution of the

inhaled aerosols, and on factérs which govern the clearance time of the lung.
Limited work on humans has been carried out on the rélationship betueen
exposure to trivalent chromium compounds and lung uptake and urinary excretion of
chromium. In one stuay on workers exposed to chrowmium lignosulfonate, it was
demonstrated that while chromium in the chromium lignin was present in the
trivalent state, it acted pharmacokinetically 1like water soluble Cr(vi)
compounds; An average of 14 pg/% of urine was excreted, at an atmospheric
chromium lignin concentration of 50 pg chromium/m3. One to two percent ﬁf the

inhaied chromium was excreted 1n the urine,

For Cr(VI), the urinary chromium concentrations correaponding to an

airborne concentration of 50 pglm3 Cr{VI) were U0 ug/2 in one study, and 10 o 20

2-5



L}

pg/f iﬁ another. Tt was noted that chronium-beariné particles stéy longer in the
airways in smokers than in non-smokers.

The established normal levels of chromium in whole blood and in serum have
deélined with time, reflecting the changes and iwmprovements in analytical
methods. ~ Tn the airways and in the GI tract, soluble Cr(VI) compounds are
apparently taken up by epithelial cells by simple diffusion tirough the plasma
membrane. After entry, Cr(VI) reduction occurs from the action of enzymatically
mobilized electrons, which are available from GSH, NADPH, and NADH. The reducing
capacit& inside the cell i;s limited, so that Cr(VI) and Cr{IIT) exist
simultaneously inside the cytoplasm; Cr{V¥I) is then released frém the cell by
simple diffusion into the blood stream and taken up into blood cells. In spite
of the refined methods of analyais available, a reliable range of normal blood
chromium concentrations cannot be given with confidence. When using modern
methods for analysis, the whole bléod concentration may be suggested to be within
the range of 0.5 to 3 ppb, while the serum level is probably below 0.2 PPL.

The chromium concentration in human tissuesrhas been shown to decrease with
increasing age. In contrast to this, chromium concentrations in the lung have
been shown to increase with age. This increase in chromium content in thé lungs
may be due to deposition and retention  of insoluble chromium=-containing

particles from the inhaled environmental air, as well as from tobacco smoke.

2.4.2. Essentiality of Chromium. Animal studies have demonstrated that
chromium-deficient rodents gain less weight and have a shorter life-span than
animals wmaintained on a diet containing adequate chromium values. Chromium
deficiency results in glucosé intolerancerin rats. This intolé}anqe can be
reduced with dietary treatment with Cr(III). 1In humans, symptoms of chrowmium

deficiency consist of glucose intolerance, weight loss and confusion. Those
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prone to cﬁromium deficiency include the elderly, diabetics, pregnant wowmen,

malnourished children, offspring or siblings of diabetics and persons with eafly

'coronary heart disease. Although the exact level of chromium needed for good

health is not known, the average American intake of 50 to 200 pg/day is
concidered adequate because at such levels symptows associated with chromium

deficiency are not observed. 1Tt shculd be noted that there is a considerable
difference between the low levels of intake %hat are associated ﬁith nutritional
deficiency and the high levels of eiposure which are associated with toxic

effects.
2.5. EFFECTS OF CHROMIUM ON BIOLOGICAL SYSTEMS AND HEALTH

2.5.1. Toxic Effects 1n~Han and Animals. The effects of both Cr(IIT} and
Cr(VI) have been studied in man and aniwmals. Both long-tern and short-tern
exposufe‘conditions have been investigated, but coct of the long-term exposures
have focused on carcinogenic effects (discussed in Seetion 2.5.2. below).

The relative chemical inactivity of Cr({III1) compared with Cr(VI) correlates
with various acute_toxicity studies on chromium salts. Oral LD (dose lethal to
50% of recipients) levels in rats have been reported to range from 135 mg/kg to
11,260 mg/kg for Cr(III). As seen in the previous section on pharmacokinetics;
the relatively'high amounts of Cr{II1I) which are required to cause death aricc
from the celative insolubility and poor intestincl absorption of most Cr(IITI)
compounds. Unlike the trivalent_compounds, ;hose ar cr{VvI) tend_to cross
biologicai membrcnes fairly easily, and are somewhat moce readily absorbed

throwgh the gut or.through the skin. The strong oxidizing powers of Cr{VI)

compounds explain much of their irritating and toxic”propertieé.

£xposure to Cr(Vi) has been associated primarily with renal damage. For

humans no quantitative evidence of acute toxeity through oral ingestion has been
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reported. In varicus animal species, single injections of 2 wmg/kg caused
cellular and structural damage in the kidneys.

The effects of chromium on the skin were recognized over 150 years ago.
Many chromium compounds can damage the skin, but metallic chromium or chromium
alloys are chemically inert and are not harmful. The effects of chébmium
compounds on the skin afe caused primarily by direct contact. Most of the
effects have occurred in occupational settings, and, as expected, with more men
than women reporting effects. Cr(VI) derivatives can cause ulcers of the hands
and accompanying perforations of the nasal septum. Allergic contact dermatitis
may arise from exposure to either trivalent or hexavaleat chromium, although
hexavalent cﬁromium is responsible for most of the reported cases, T Cr{VI)
penetrates undamaged skin, and subsequéntly reduces to Cr(IIT) which combines
with proteins or other skin components to form a whole skin allergin.

Effects on the upper rgspiratory tract have heen observed in workers in
chromium-;elated industries. - The major effects of chromium on this systen
include ulceration of the nasal septum, with subsequent perforation, and chronie
rhinitis and pharangitis. Early studies indicated that approximately ome-half
to four-fifths of the workers in chromate plants had perforated nasal septa, at

3

levels of exposure that approached 1 mg/m-. Subsequent work indicated that

3

chromic acid levels exceeding 0.1 mg/m” also caused perforated septums in some
workers.

Limit:d work has been reported on reproductive effects of chromium. Cr(VI)
and Cr{(III) have been found to cross the placental bérrier in animals (hamsters
and mice) and enter the fetus during mid to late gestation. Fetal uptake of
Cr(VvI), however, was much gréater'than that of Cr(IITl). Developmental effects

attributed to both Cr(VI) and Cr(IIT) differed between hamsters and wmice, and

ineluded such extermal abnorwmalities as cleft palate and skeletal defects, and

2-3
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{in one studj-of a Cr(ITI) compound) neural tube defects. One researcher
concluded that Cr(VI) occurred at sufficiently high. fetal concentrations to

cause direct effects on embryonic structures, but also questioned whether all of

the teratogenicity and fetal toxicity associated with exposure to Cr(III) might

be attributed to extra-ehbryonié effects, for example, those on placental

tissues.
2.5.2. Genotoxicity, Carcinogenicity and Assessment of Risk,

2.5.2.1, GENOTOXICITY -~ In recent yvears, much evidence has accumulated to
show that compounds of chromium possess the ability to cause transformations and
mutations, as evaluated in a wide variety of in xgggg.assays auch as the reverse
and forward mutation, gene conversion, and DNA modification tests. qunotoxic
effécts have been demonStréted primarily for chromium compounds containing the
Cr(VI) species, including effects such as:

-- Mutagenlc responses in bacterial strains.

-~ Morphologic changes.in manmalian fetal cells.

-- Cytogenic effects on mammalian bone marrow cells,

~=- Increased gehe conversion in yeast species,

-- Increased transformation frequencies in mampalian cells.

Chromosomal damage in dultures of human lymphocytes.

In generzl, soluble Cr(VI) compounds are leés active 1in the presence of
metabolic activating systems. The reduction of Cr(VI) to Cr(ITI) by cellular

agents in metabolic activation systems, in part, explains the reduced mutagenic

activity 'of Cr(VI) in the presence of such activating systems. Some recent

evidence implicating both Cr(VvI) and Cr(JII) in induced mutagenesis has been
reported in DHA interaction and DNA polymerase infidelity assays, and several

tests with apparently pure Cr(ITI) samples have found chromosomal aberrations.
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June 18, 1985

Mr. H. M. Howe - -
Chief siting Engineer : -
Pacific Gas & Electric Company

77 Beale Street

San Francisco, CA 94106

bear Mr. Howe:

Comments on Draft Chromium Report

Thank you for your comments and suggestions on the
praft Chromium Report. We have referred your comments on Part B
to the pepartment of Health Services for response, which, along
with your comments and this letter, will be included in Part € of
the Report on Chromium to the Scientific Review Panel, We will
send you a copy of that report. I am responding to your comments
in the same sequence as in-your letter., . . :

Page 2, paragraphs 1 and 2: We recognize that the
overview table, "Estimated Excess Cancer Burden...," overstates

. the health impact of ambient hexavalent chromium, because it

presents the worst (or upper-bound) case. The table has been
removed from the overview, 2Also, the discussion of excess cancer
incidence based on the assumption that all atmospheric chromium
is hexavalent has been deleted. We have included an estimate of
excess cancer incidence based on ambient chromium(VI)} data.

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship, and that the
ranges of excess cancer risk presented in the overview have been

.changed accordingly.

Page 2, paragraph 3: Because the fraction of
chromium(Vi) in total chromium emissions is not known with
certainty for some sources, we feel that it is not Jjustified in
this report to separately list emissions for hexavalent

¢ 3 —
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chromium. We have incluced whatever information is availeble on
hexavalent chromium emissions in the discussion of emissicns for
each source. We have revisea the rerort to reflect, in the
discussion of fuel-combustion relztec ernissions, that chromium
emitted from oil combustion is probafly chromium(III). PFurther
research, including source testinc to directly measure
chromium(Vvi) end total chromium emissions from oil combustion and
other sources, will be an important part of any control program
for chromium(Vi).

Again, thank you for your comments. If you wish to
discuss these comments, or have further questions on the report,
please call Cliff Popejoy at (916) 323-8503.

Sincerely,
JQLZf Ferrw

William V. Los off,'Chiegﬂ
Toxic Pollutants Branch

cc: Peter D. Venturini




Western Oil and Gas Assodation

727 West Seventh Street, Los Angeles, California 90017
(213) 627-4866

May 20, 1985

BY FEDERAL EXPRESS

William V. Loscutoff .
Chief, Toxic Pollutants Branch,
Stationary Source Division

Rir Resources Board

1102 Q Street

Sacramento, California 95814

Re: Comments on Draft Report to the
Scientific Review Panel on Chromium

Dear Bill:

The Western 0il and Gas Association ("WOGA"™), a
trade association whose members conduct much of the producing,
refining, transportlng and marketing of petroleum and
petroleum products in the western United States, thanks you
for the opportunity to submit comments on the draft report to
the Scientific Review Panel ("SRP") on chromium. WOGA's
review of the draft report leads us to the conclusion that
while available epidemiologic data may support a qualitative
decision to list hexavalent chromium (chromium VI) as a toxic
air contaminant, the available data simply are not of
sufficient quality to develop .quantitative risk estlmates or
to form the basis for future risk management.

California law directs the Department of Health
Services ("DHS") and the ARB to evaluate the health effects of
substances considered for listing as toxic air contaminants
and states that the evaluation shall include, among other
things, an assessment of the gquality of data on health
effects. (Health & Safety Code Section 39660(c).) WOGA
believes that when, as here, the guality of the available data
is questionable, the evaluation should recognize that fact and
qualify the conclusions drawn in an appropriate manner. In
this way, the accuracy and the confidence that can be placed
in the risk estimates will be communicated to the reader of
the report. This approach also avoids unduly alarming the
public by overstating risks in situations such as this, where
relatively high risks are predicted on the basis of results of
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questionable studies, some of which even showed negative
results.

Also, even if chromium VI is listed as toxic air
contaminant, as recommended in the draft report, it should not
be a foregone conclusion that regulation of emission sources
will be required. WOGA asks that the statement on page 10 of
the Overview that the identification of chromium VI as a toxic
air contaminant will lead to the adoption of toxic control-
measures be changed to read that identification may lead to
the adoption of such measures. This will conform to the
statute, which requires that after a substance is listed as a
toxic air contaminant, the staff must assess the "need and
appropriate degree of .regulation™ (Section 39665(a)). It will
also reflect comments made by ARB members at the January 25,
1985 public hearing on benzene at which it was stated that the
Board members did not feel compelled to adopt regulations to
control benzene simply because it had been listed as a toxic
air contaminant.

With these general thoughts in mind, WOGA submits
the following comments on Parts A and B of the draft report.

Part A —— A Review. of Chromium Uses, Emissions and Public

ExEosure.

WOGA's primary concern is with the estimates of
average ambient concentrations of chromium in California and
their use in the draft report. It appears that the average
ambient levels used are too high and that total chromium
exposures are given instead of just hexavalent chromium. The
end result is that, based on these factors alone, the
population risk estimates are six times higher than they
should be.

The draft report recommends that only chromium VI be
listed a toxic air contaminant, but the ambient exposure data
used is for total chromium and therefore the resulting
population risk estimates are based on total chromium. The
draft report indicates that a maximum of one-third of total
chromium is hexavalent chromium, based upon measurements
conducted by -the ARB in the 3outh Coast Air Basin last year.
There is further support for this fact in the Langard study
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William V. Loscutoff

May 20, 1985
Page 3

relied on by the Department of Health Services.1 That study -
found that hexavalent chromium comprised approximately 11 to
33% of total chromium emissions in the industrial setting
studied.

It also appears the ambient concentrations given for
total chromium are too high. The report uses 1977 monitoring
data from the Environmental Protection Agency's {"EPAY)
national aerometic -data bank. The staff report states that
these measurements were taken throughout California by various
public agencies (federal, state and local). The data were
collected at different times, by different agencies and,
presumably, analyzed by different laboratories. The draft
report states that "the accuracy of data contained in the EPA
database is not documented."™ (Draft report at III-1.) The
draft report then references more recent data collected by the
ARB. The ambient levels recorded by ARB are approximately
one-half of those shown by EPA. WOGA believes that this more
recent data is more reliable and should have been used in
place of the more questionable EPA database.

The use of the EPA database and total, rather than
hexavalent, chromium significantly overstates actual exposures
to chromium VI. If chromium VI exposure levels were used to
develop the population risk estimates, the estimates would be
approximately one~third of those shown in the staff report.
Likewise, if the more recent ARB ambient monitoring data were
used in place of the EPA data, the population risk estimates
would be one~half of those estimated by the ARB staff. When
both factors are combined, the resulting population risk
estimates are six times higher than they should be. This
significant overestimate of population risk underscores the
need to develop a more accurate picture of ambient chromium VI
levels before a population estimate can be developed for use
in the risk management phase. '

It should also be noted that the draft report states
that "intake of chromium from ambient air represents by far
the most significant exposure route to chromium, especially
for chromium (VI}." (Page III-22.) This does not appear to
be accurate based on other information provided in the draft
report. For -example, the report states that "chromium intake

from a typical American diet of 43% fat was determined to be

! Langard, S., A. Andersen and B. Gylseth. 1980.
Incidence of Cancer Among Ferrochromium and Ferrosilicon
Workers. British Journal of Industrial Medicine 114-120.



William V. Loscutoff
May 20, 1985
Page 4

€8 + 28 ug/day; from a typical American diet of 24% fat,
intake of chromium was determined to be 89 *+ 56 ug/day.”

(Pagg I1I-21.) BAmbient concentrations are approximately 15
ng/m~ (annual average; Draft Report, Overview, page 4). When
the ambient concentrations are multiplied by the amount of air
breathed on a daily basis (20 cubic meters/day), the daily
exposure to chromium is .3 ug as a result of daily breathing.
_This is far less than the amounts estimated to occur as a
result of diet.

Lastly, more detailed information is needed on
emissions of chromium VI from individual point sources. The
relative magnitude of chromium VI emissions from sources such
as cooling towers needs to be much better defined before it
can be determined if a control program is necessary. The
draft report estimates that emissions from cooling towers
account for between 0.6% to 20% of total chromium emissions
from stationary sources. Obviously, this is an imprecise
estimate. 1In addition, WOGA suspects that the effect of
chromium VI emissions from cooling towers may be highly
localized. Further investigation needs to be undertaken to
determine whether chromium VI emissions from cooling towers
are carried outside plant boundaries into the ambient air in
any appreciable quantities. WOGA offers to participate in
such an investigation.

Part B -- Health Effects of Chromium

The epidemiological studies upon which the DHS bases
its risk e¢stimates for chromium are not adequate for
developing mathematical estimates of risk. EBach of the
studies relied upon is seriocusly flawed for one or more
reasons. However, these flaws are not adequately discussed by
the DHS nor are the risk estimates derived from the studies
appropriately qualified.

The limitations in each of the studies used by DHS
will be discussed. However, each study is flawed in one of
-the following general ways:

1. Questionable gquantitation and speciation of the
exposure estimates. The exposure data 1s sketchy and is often
obtained from a period later than when the cohort was exposed.
Therefore, the exposure levels given are probably lower than
the actual exposures. From the reports, it is difficult to
determine the percentage of chromium VI, even where exposure
levels are givern or estimated.
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. 2. Exposure to other carcinogens.. Confounding
factors for lung cancer, principally cigarette smoke or
asbestos, were not controlled. The level of "excess risk"®
supposedly contributed by chromium (unspeciated) is therefore
not clear. At the very least, the "unit"™ risk estimates
should be revised to account for these factors or they should
be used to qualify the accuracy of the risk estimates.

3. Poor definition of the cohort. 1In most of the
studles, the cohort was loosely defined. For example, there
are serious questions as to whether some of the workers :
studied were exposed to chromium VI at all and the duration of
such exposure, if any.

In the paragraphs that follow the major shortcomlngs
of each of the study will be discussed.

1. Pokrovskaya. EPA concludes that "although this
study showed a significant increase of lung cancer mortality
over the control group, the validity of the data is
questionable because the study cohort is not clearly defined."
Thus, the study should not be used as a data source for risk
estimates. In addition, the study authors reported that
workers were exposed to other potentially carcinogenic
substances, but no attempts were made to account for these
confounding factors. _

2. Axelsson. The authors of the study concluded
that there was no association between employment in the
ferrochromium industry and risk of respiratory cancer. Thus,
this study cannot be used in risk estimation. Also, because
of the confounding effects of smoking and exposure to asbestos
(two of the four cases of respiratory cancer observed were
diagnosed as mesotheliomas), no definite conclusions can be
drawn from this study about chromium exposure and cancer.

3. Langard. Members of the cohort were also
exposed to asbestos. Thus, the author's classification of the
observed cases of "lung cancer®™ is not clear because some of
the observed number of cases could have been caused by
asbestos instead of chromium and could have included
mesotheliomas. In addition, measurements of airborne chromium
levels were not taken until 1975 and may seriously
underestimate the actual ambient levels to which most of the
workers were exposed. EPA's review states that “these
concentrations are used in our potency calculations with the
understanding that the potency so estimated can only be
considered an upper bound estimate."™ Also, as in the
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Pokrovskaya study, the ferrochromium workers may have been
exposed to two other carcinogens, asbestos and polycyclic
aromatic hydrocarbons.

4, Mancuso. The DHS risk assessment is based
primarily on this study, which examined the relatlonshlp
between exposure to chromium and lung cancer in approximately
300 men employed in a chromate plant between 1931 and 1937.
EPA's own review of the study, however,. concluded that the
observed association between chromium exposure and lung cancer
is "based on- very small numbers, and thus the finding of a
dose-response is probably gquestionable.® The risk associated
with exposure to chromium from the application of this study
may be overestimated because of the use of 1949 industrial
hygiene daza and the fact that although lung cancer death was
a major ouzcome of interest, no smoking histories were
available for the study cohort.

The 1949 industrial hygiene study mentioned above
found the ratio of trivalent chromium to hexavalent chromium
to be six. Since only total chromium exposure was measured,
and trivalent chromium exposure was assumed to be meanlngless,
the upper bound of the risk estimate was determined by
increasing the "best™ estimate by seven fold. On the other
hand, EPA felt (and DHS agreed) that using the industrial
hygiene data from 1949 may bhave resulted in overestimating the
true exposure levels, Therefore, the "best" estimate was
divided by two as part of the procedure to determine the lower
bound of risk. The use of such unjustified factors in
guantitative risk assessment to produce specific unit risk
estimates creates substantial uncertainty.

In addition, the Mancuso study did not include data
on exposures that workers may have had to substances in the
plant other than chromium or information on substances the
workers may have been exposed to at other facilities or in
other occupations.

2 The DHS states that the authors of the 1949 industrial
hygiene study "noted that it was unlikely that the exposure
levels experienced by the study cohort were appreciably
different from those measured at the time of their exposure
assessment study.” Bowever, the EPA review cites the authors
of the study as -stating that there seem to be “"little doubt
that atmospheric contamination in the past was greater than in
1949,"
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. Because of these deficiencies, the use of the data
from any of the studies as the basis for risk assessment
results in risk estimates that are of dubious valldlty. It is
misleading to present the risk estimates derived in the draft
report as plausible upper bounds. The DHS estimates, if used
at all, can only be referred to as "worst-case"™ estimates.

In this regard, it should be noted that the upper
limit determined by DHS implies there is.a 93% chance of
getting cancer from exposure to one ug/m” of chromium. This
risk estimate is clearly too high to be considered a
reasonable estimate. An effect of this magnitude would have
been detected in the epidemiologic studies and was not. Even
though DHS concedes that the true risk is unlikely to exceed
the upper limit of risk, WOGA believes that using 93% as an
upper limit of risk does not provide useful information.

WOGA is also concerned about the potentlal
ramifications of listing a substance as a toxic air
contaminant when it is not possible to estimate, with any
degree of confidence, the risks posed by exposure to ambient
levels of the substance. 1If risk cannot be quantified, it is
not possible to make the cost-benefit analysis requlred in the
risk management phaseé or to decide whether regulation is
necessary at all. For this reason, we suggest that chromium
VI be moved from a level 1A compound to a level 2 compound
until further information 1s avallable to quantlfy the risk
estimates. :

In conclusion, while the epidemiological data
available may support a purely qualitative decision to list
chromium VI as a toxic air contaminant, they cannot be used
for quantitative risk estimates or to support the decision to
regulate emission sources of chromium VI. 1In addition, the
use of ambient data for total chromium, rather than chromium
VI, and the use of EPA's ambient data which is twice the ARB
levels, overstates the population risk at ambient levels.

Very truly yours,

Bt N Honinen iy

Robert N. Harrison
Assistant General Manager






STATE OF CALIFORNIA GEORGE DEUKMENIAN, Governor B

~AIR RESOURCES BOARD
2 @ STREET
BOX 2815
SACRAMENTO, CA 95812

June 17, 1985

Mr. Robert N. Barrison ~ -
Assistant General Manager

Western 0il and Gas Association

727 West Seventh Street

Los Angeles, CA 90017

Dear Mr. Harrison:

Comments on Draft Chromium Report

Thank you for your comments and suggestions on the
Draft Chromium Report. We have referred your comments on Part B
to the Department of Health Services for response. Their .
response, your comments, and this letter will be included in Part
( C of the Report to the Scientific Review Pzanel on Chromium. We
- will send you a copy of that report. I am responding to your
comments in the same ,order as in your letter.

Page 2, paragraph l: We agree, and have changed the
report to reflect the fact that identification of a compound as a
toxic air contaminant does not coﬂpel the Board to adopt control .
regulations,

Page 2, paragraph 3 ané 4: Several people commented,
as you did, that the application of dose-response data for
hexavalent chromium to total ambient chromium concentrations
provides estimates of excess cancer risk which, because they
represent worst case or upper bouncd estimates, are too high. We
have revised the overview to include estimates of excess cancer
risk which reflect current knowledge of ambient hexavalent
chromium concentrations. The resulting risk estimates are
approximately one~third the value of the upper-bound estimates.

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship, and that the
ranges of excess cancer risk have been changed accordingly.
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The ARB is working to better characterize ambient
levels of chromium{(Vl) in california. As more temporally and
spatially specific data on chromium(VI) concentrations become
available, it will be possible to make a better estimate of the
-health impact of ambient chromium(vi}.

Page 2, paragraph 4: The Langard study used by the
Department of Health Services to derive a range of dose-response
relationships dealt with the chromium pigment production :
industry. Because there are no chromium pigment production
plants in California, it is unclear how the fraction of
hexavalent chromium in chromium in the workplace air (or in
emissions) of such plants relates to the fraction of hexavalent
chromium in total atmospheric chromium in California.

Page 3, paragraph 3: The draft report states that "the
intake of chromium from ambient air represents by far the most
significant exposure route to chromium, especially chromium(vIi)."

As you point out, larger amounts of chromium are
received daily in the average diet than are innhaled. However,
dietary chromium occurs in the trivalent state, which according
to the Department of Health Servizes, is poorly absorbed and for
which there is only weak evidence of carcinogenicity. 1In~
compar ison, chromium(VI) has been found by the Department of
Health Services to be a human and animal carcinogen with no
threshold; the theoretical lifetime cancer risk from a continuous
70-year exposure to atmospheric chromium(Vl) ranges from 3 to 85
cases per million people per nanogram per cubic meter, with a
best estimate of 12 cases per million people per ng/mé. ,
Because of this difference in health effects, intake of chromium
fvarticularly chromium(VvI)) from ambient air is more important or
significant from a health effects standpoint than is
chromium(III) intake in the diet,

Page 4, paragraph 2: We agree that an improved
enissions inventory will be an important part of any control
program for hexavalent chromium. A decision on whether or not to
require controls on specific source types will be made during
control measure development. We welcome WOGA's offer to
participate in investigations of emissions of chromium(Vvi) from
cooling towers, should such investigations be shown to be
necessary.
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Again, thank you for yoﬁr comments., If you have any
questions, please contact Cliff Popejoy of my staff at

(916) 323-8503.
Sincerely,
Ch

William V. Loscutoff,
Toxic Pollutants Branch
Stationary Source Division

cc:; Peter D. Venturini
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DEPARTMENT OF HEALTH SERVICES RESPONSE TO COMMENTS:
CHROMIUM HEALTH EVALIATION DOCUMENT

COMMENT I. The meaning of the exposure parameter in the crude risk
assessment model needs to be clarified -- substituting the potency factor
into the risk model yields a relationship independent of dose (exposure)

~ which is incorrect. (RN Hazelwood, IT Corporation)

Response: The risk assessment model yields a probability and thus is
unitless. Therefore, when evaluating the model at a given exposure level,
all exposure wmnits cancel. This is exactly what the conmenter haé shown!
The confusion lies in the notation used to describe the potency factor and
i:he risk estimation model - the exposure estiuate ﬁsed in deriving the
potency factor and the exposure level at which the model is being evaluated
are both denoted as "d." Thus, when the cammenter substituted the potency
factor 'into the risk model the identically designated exposure paranetefs
algebraically cancelled implying that risk is independent éf-exposure. More
appropriately, substituting the potency factor into the risk model yields a

ratio of the two exposure parameters wherein the wnits of exposure will

cancel but the risk is still a function of the exposure.

COMMENT 1I. The Department of Health Services (DHS) has not acknowledged or
has not clearly presented the issues related to the quality of the
epidemiologic studies used in the risk assessment. This is important

because quantitative risk assessment should be based on the highest



quality epidemiologic studies or, in other words, focus on the most valid
data. The studies used have deficiencies or problems related to the
quantification and speciation of exposure levels, treatment of
{potential) confounding factors, definition of the study cohort,
definition of lung cancer, small study populations, and in one instance, -
a study did not find a sEatistically significant increase in cancer (and
is therefore absurd to use in a quantitative risk assessment); therefore,
these studies are not acceptable for use in quantitative risk assessment.
(Southern California Edison (SCE); Czlifornia Council for Envirommental
and Econamic Balance (CCEEB); Diamond Shamrock; Allied Corporation;
Chevron).

Response: The epidemiologic studies of the health effects of chramium were

not designed for quantitative risk assessment. As such, the staff of DHS
agrees with the cammenters that the studies have deficiencies and
limitations when used for this purpose. The staff of DHS also agrees with
the cammenters (and EPA) who said that the Mencuso study prﬁvided the best
data for the carcinogenic risk assessment. Since DHS stated that it was
adopting the EPA risk assessment (Part B, p 21) which includes discussions
of data quality, the Part B report did not repeat this information in great
detail nor does the staff of DHS feel such a discussion is warranted. It
should be noted that summaries of the studies' limitations were presented
(Part B, pp 22-24). However, specific areas of misunderstanding by same of

the camrenters will be discussed here.




First, the cament was made that in the Mancuso data based assessment, EPA
did not adjust for the fact workers' exposures were less than a camplete
lifetime. This is incorrect as can be seen on pages 7-84 and 7-93 of the EPA
report where the factors 8 working hours/ 24 hour day, 240 working
days/year, and proportion of lifetime exposed (1/L) are applied to the

occupational exposure level.

Second, in the Langard et al study, EPA used a estimate of the relative risk
bésed on a camparison to a plaint internal control group rather than using
the general population as a reference group. The staff of DHS concurs with
EPA in the choicé of this control group since it provides tﬁe best controls
for potential confounding variables such as smoking and socio-~econamic

status,

Third, the inclusion of the Axelsson data was stated as being absurd because
it failed to show a statistically significant increase in lung cancer. The
staff of DHS acknowledges that the value of epidaniologié studies which do
not demonstrate a "significant" effect is controverial; the interpretation
ranges fram evidenge of a threshold to meaningless, However, the staff of
DHS disagrees with this blanket statement made by ﬁhe'cmnenter ;a
methodologically sourndd study of this nature can be used with statistical
theory to estimate measures of effect that are campatible with data, for.

example, the 95% upper confidence limit of risk.



In addition, the staff of DHS disagrees,'with those camenters who said that
the pi:bblms with these studies are of a nature that prohibit the use of the
stidies in quantitative risk assessment. Indeed, EPA has both invoked
a#sunptions +t0 campensate for the major problems in these studies and
provided risk estimates based on the uncertainty in the data; with the
exception of the Langard et al stuly (see Camment IV), the estimates of the
potency factors are very similar. The effect of these adjustments is
reflected in the upper amd lower bounds of the theoretical risks presented

in the health evaluation.

The staff of THS further disagrees ﬁm the cammenter who stated that
quantitative risk assessments should strictly be based on the "highest
quality epidemiologic studies™ since in many cases these studies still do
mot provide sufficient data to quantify the dose-response relationship
(e.g., no exposure data are given). In these cases, animal- studies may

provide the best estimate of human risk.

COMMENT III. DHS should more clearly state that the risk assessment applies
- only to the hexavalent form of chramium (Cr(VI)). (CCEEB; Pacific Gas and

Electric Campany (PG&E)})

Response: The DHS risk assessment is strictly applicable to Cr(vi). The
confusion seems to lie not in the body of the report but in the document's

sumnary wherein the discussion of risk estimates does refer to Cr(Vl} as




~

-does the graphical dispiay of the dose-response curves but the final

sentence does not specifically state "hexavalent" chromium. The staff of

DHS agrees that this sentence should be }nodj_.fied.

COMMENT IV, The range of risk provided by DHS is problematic; one camnenter
stated t;.hat the range was too broad because it inappropriately provided
separate risk estimates derived fram the upper and lower ekposure levels
whilé only a sing}.e risk estimate., based on the "best estimate," should
have been given (SCE). Conversely, a different cammenter (CCEEB) felt

the range of risks provided was too restrictive, particularly for the

lowest estimate; a range of risk of 8.4 x 10"4 cancer cases per ug Cr{Vi)

per cubic meter ambient air (the lower 95% confidence limit of the

Mancuso data) to 1.3 x 10T cases/ug/m3 (the unadjusted risk estimate
ffcm the Langard data) is-more appropriate than the DHS range of 3.0 x

1073 to 9.3 x 107

cases/ug/m3. Other commenters (Western 0il and Gas
Association; SCE) said that the upper potency factor resulted in risks

that were mrealiStically high,

Response: The staff of DHS takes exception to the first two statements,
With regard to solely presenting the "best éstimate," DHS notes that in
doing so the assumption is made that there is little or no variability in a
woi:ker's exposure, a prospect that would appear very unlikely over an

employee's career. Nevertheless, in the absence of camplete data for any of



the chromium epidenio]:ogic studies, it is not possible to accurately or
preciséiy state the exposure with great certainty. Hence, the presentation
of a sirmgle estimate implies that there is a greater degree of certainty
with respect to the risk estimate than the data support. On the other
hand, the reporting risk estimates based on the range of exposure levels,
albeit an estimate of these levels, serves to denonst.;:ate the effect of some

of the uncertainty in the data at hard.

The staff of DHS does not agree that the 95% lower confidence limit of a
risk estimate should be presented. Such a limit is misleading and
attributes a greater certainty to the potential risk than is warranted
because the risk is not necessarily bounded by this limit — it may actually

be 2zero.

The staff of DHS agrees with cammenters who suggested that the upper risk

level was too high. The upper limit of the potency estimates, 2.7/ug/m? is
derivea fran the Langard et al study. This epidemiologic study applied 1975
exposure data to a cohort of workers camprised of men who were alive as of
1953 and who may have begun working in the plant as early as 1928. In other
words, the exposure data probably greatly underestimate the actual exposure
which timereby results in an overestimation of the potency and risk. This is
supported by the data in Table Iv-1 which shows that the risk estimates from
the Langard et al study are about 10 times greater than the estimates fram
the other studies, The EPA health evaluation moted this problem and pointed




out that the potency estimates derived fram the Langard study should be

interpreted as an upper bound of risk.

The DHS report should bhave made this explicit. Therefore, the staff of DHS
will change Part B to emphasize that the Mancuso data are the focus of its
risk assessment and that the other studles are provided for camparative
purposes only, that is, because of their deficiencies, they will not be used
to calculate the range of risk the staff of DHS recammends to the Air

Resources Board.

COMMENT V. The unit risk estimated from the Mancuso study is too high due
to the cmission of the exposure experience of highly exposed plant
maintenance workers, basing expoéz:re leﬁels solely én a 1949 industrial
hygiene survey which greatly underestimates the previous 18 year 1e=vels
and overestimates the subsequent 25 year levels, and fails to mclude
exposure for the period following 1949. This has resulted in a 20-40
fold underestimation of exposure and hence a corresponding ovefestimation
in risk.' animal studies ‘support this overestima_tion and suggest that the

overestimation may be in the range of 42-149 fold. (aAllied)

Response: The commenter has raised some valid points but the magnitude of
the effect may have been greatly exaggerated as will be shown below. (Since
there is incamnplete exposuré data it is not possible to incontroverably

resolve this issue.)



First, with respect to maintenance workers, the cammenter has suggested that
their omission has resulted in a 2-4 fold underestimate of exposure: ([3
hours of exposure/S hour day] x [5-10 fold higher exposure levels]). The
industrial hygiene survey shows that on the average,.maintmance workers'

expostres were 1-5 times as great as those of production workers (0.45 -

2.32 ug/m3 versus 0.42 ug/m3) with the higher exposures occurring during
plant upsets. Since the survey noted that "most" of maintenance workers'
time dealt with upsets, the staff of DHS will assume that their average
exposure was 5 fold greater than production workers. An overall estimate of
a 1.9 fold increase by applying the portion of the day exposed to these
levels. The survey also noted that about 30% of the plant work force
consisted of maintenance workers, Thus, the overall average exposure for
all workers is equal to the weighted ai}erage of exposures of the production
and maintenance workers or ([.70][X] + [.30]}[1.9X]) = 1.3X, where X is the
exposure of the production workers. To summarize, the staff of DHS estimate
that the omission of maintenance workers' exposures from the Mancuso data
would rﬁaximallx underestimate the exposure by a facteor of 1.3 and not 2-4

times as the commenter has indicated.

Second, the cammenter may have also overestimated the impact of the reliance
on the 1949 industrial hygiene survey. As used in the EPA risk assessment,

the 1949 data represent an average of the exposure for the time period 1931-
74. The cammenter believes that the pre-survey exposures were up to 5 times

greater than at the time of the survey and though they dropped off




_ con._sid_e:_:ably in the followirng years, the post-survey exposure should not be
coﬁsiderad equal to 0 as EPA did in their risk a'ssessment.- These factors
are seen by the cammenter to account for a l_O fold underestimation of
exposure, Houe;rer, weighting the exposures by the time periods they were
estimated to be present (1931-1949 and 1950-1974) yields only a 2.1 - 2.7
fold underestimate: ([5X][.42] + [1X][.58]) = 2.7, where X is the 1949

exposure. .

Thus, the data used in the Mancuso study are consistent with an ovérall
possible exposure underestimation of 3.5 fold (1.3 x 2.7). Since the upper
risk estimate for this data set includes a 2 fold correction for possible
underestimation of exposure, the staff of DHS does not feel this wit risk

is significantly overestimated.

The camenter also makes é camparison of risks between a rat intratracheal
i_ﬁstillat_:ion bioéssay of chranium with a benzo[a]pyrene cont161 to the risks
stated in the EPA report for these substances to support the assertion that
the EPA risk estimate is too high. The ratio of bénzo[a}pyrene risk to
cﬁrcmuim risk in the rat study ranged from 12 to 42 depehding upon which
cancers were included in the assessment, howéver, the EPA report shows
chramiun as being 3.6 times more potent than benzo[a]pyrene. The camenter
then taking the rat study as "truth", that is, benzo[a]pyrene is 12-42 times
more potent than chramium, and correcting for the "anamalous™ high chramium
- risk calculated by EPA states that the EPA chromium risk estimate should be

reduced by 42-149 times: ([3.6 x 12] to [3.6 x 42]). _"Ihis analysis is



flawed for several reasons. First, the camenter has included a survival

paraiieter in the risk model. The purpose of the parameter as originally
derived is to campensate for the apparent reduced risk when a study is
prematurely teminated. 1Its effect on the risk estimate is inversely
related to the survival time. However, the rat study was a lifetime
exposure bioassay hence, the survival parameter should not have been used.
Recalculating the risk without this factor and using rthe data the commenter
cites yields a behzo[alpy'rene—-chranitm risk ratio of 0.79, that is, as in
the EPA report, chramium is a more potent carcinogen than be.nzq[a] pyrene.
(Differences between the EPA cited potencies and those given by the
camenter may be due different study protocols and uncertainties in
extrapolating animal data to humans.) Furthemmore, using the information

provided by the cammenter to calculate the survival factor yields average .

proportion of lifetime survived of 0.498 and 0.998 for benzola]pyrene and
chramium exposed rats, respectively. However, Table 1 of the bioassay
report states the average survival times were about (.75 and 0.95 for the
respective substances. Therefore, it is not clear how the cammenter

calculated the cited risks.

In summary, the arguments raised by the cammenter do not support the

assertion that the EPA chramium unit risk is too high.

COMMENT VI. Several camments were directed at the assumptions of the low

dose extrapolation model. Specific points were raised concerning
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linearity of the dose-response curve at low dose, whether evidence exists
to support a dose-response relationship both in general and specifically
at ambient levels, the appropriateness of using survival data not
dependent on chranium exposure, and the model's inability to adjust for

pbtential confounding factors. (CCEEB; Diamond Shamrock)

MSE nse: While many assumptions were invoked to assess the carcinogenic
risk posed by hexavalent chramium, by followihg the peer reviewed.- EPA report
DHS has taken scientifically accepted positions. Nevertheless, a brief

response to the issues raised by the commenters will be given.

First, the assumption of low dose linearity i_s not amenable to empirical
verification in either human or animal species rather, it is an accepted
scientific piactic; particulé.i]_.y when extrapolating fram human data. As
such, it is possible to estimate health effects at ambient levels fram data

obtained fram higher exposure levels and to use a linear model to do so.

Secgnd', with respect to .'the demonstration of a dose-reponse relationship,
the pawcity of worker exposure ("dose") infommation in epidemiologic studies
and the lack of a good animal model for inhalation exposure for other
species, even throughreach of these study groups has clearly demwonstrated the
carcinogenic poter;tial of Cr(Vi), has hampered attempts to show a dose
dependent response. The observation that no relationship has been shown for
-ambient exposure levels is a function of several factors not the least of

which is that it has not been looked for! Only one epidemiologic study was
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found which addressed lung cancer and ambient chramium exposures. while
this é;:ologic study found no association, several criticisms of this-study
are noteworthy: exposure data were sparse ard did not differentiate between
trivalent and hexavalent chramium although it was likely most of the
exposure was to Cr(III), migration was considered wnimportant when in
reality it serves to diminish any association, and statistical power was
low. Thus, the staff of DHS deoes not believe that the absence of evidence

is sufficient evidence of the absence of a dose-response relationship.

Third, the meaning of the survival temm in the campeting risks model (A(s))
has been misinterpreted by the commenter. The probability of surviving to
age s is contingent on not having died prior to this age fram any cause
including exposure to chramium (Cr(VI)). In other words, it implicitly
includes the assumption that there has been and continues to be exposure.
The risk of dying after age s is then the product of the probability of
surviving to s and the risk of dying in this time intexval fram disease
(cancer) related to the chramium exposure. This is what the fomulation of

the model shows (Part B, p 25).

Fourth, the cammenter is correct in noting that the extrapolation models per
ée cannot directly adjust for covariates. However, that does not preclude.
indirect adjustment, as the EPA has done, for the effect of smoking in the
Mancuso data or by exéludirx; cases of mesotheliamas fram the Axelsson data
since they probably resulted from asbestos exposure, It is noteworthy that

EPA's treatment of f:ctmtial confounding variables is based on information
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presented in peer reviewed sclentific literature. In general, the staff of
DHS finds it difficult to disregard a risk model which did not rigorously
treat potential confounders, such as cigarette smoking and asbestos, even

though the studies did not collect any data on these factors.

COMMENT VII.. Comments were made regarding the statément that there was not
sufficient evidence to demonstrate a cércinogenic threshold for Cr(Vi).
Several commenters stated that there was substantial evidence in support
of this concept stemming from animal studies (which demonstrate site of
contact tumors only and observing no (1ung) tumors in 80 animals
receiving 0.25 mg/kg sodium dichromate 5 days per week for life) and
metabolism and/or detoxification studies of chromates (which show Cr(VI)
reguced to Cr(III) under physiologic conditions and noting that Cr(III)
is non-mutagenic). Furtherrsupport comes from the existence of
occupational threshold limit values (TLV=2) and permissible exposure
levels (PELs). (Allied; Diamond Shamrock; Ad Hoc Environmental Group

-

(glass manufacturers))

Response: The staff of DHS does not disagree that one interpretation of the

animal and metabolic studies cited is consistent with the concept of a

carcinogenic threshold but, the information cited by the commenter is not

conclusive proof that a threshold exists. Indeed, as one commenter atated,

the animal and metabolic evidence "...does not permit quantification of the

threshold or description of the dose-response relationship at low doses."
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This suggests that even if a threshold exists, current data are insufficient
1;0 détemine what that level would be. Moreover, the staff of DHS does not
accept the argument that the existence of TLVs or PELs for chramium
canpounds support the threshold concept. The exposures denoted by TLVs and
PELs represent acceptable exposure levels for the workplace and not
threshold levels; indeed, the question of the existence of a carcinogenic
threshold is not usually considered in setting these exposure levels. Also,
because TLVs and PELs are developed for occupational settings, these
standards allow for higher risks than are, as a rule, permitted for the

general population under ambient exposures.

Therefore, in the absence of both the knowledge comcerning the mechanism of
action and conclusive proof to the contrary, the staff of DHS leans towards
the health protective intent of California's Health and Safety Code section
39650 in saying a threshold has not been established for hexavalent '

chramium.

COMMENT VIII. The reéort should draw a clearer distinction between variocus
Cr (V1) containing materials especially in temms of chramate pigments
where there is evidence showing that not all chramate pigments provide
the same hazard. For example, very insoluble lead chromate based pigments
conveyed less cancer risk than the more soluble chramate campounds in an

animal study. Indeed, one epidemiologic study showed no statistically
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significant increase in cancer fram the manufacture of lead chramate.

(PA Wriede, Heubach Inc.)

Response: The staff of DHS acknowledges thét the carcinogenic potency of
different Cr(VI) campounds may not be identical, however, current
epidemiologic data do not permit distinction among the campounds for
purposes of quantitative risk assessment involving airborne exposure.
Animal studies present the most suggestive evidence of a campound specific
response. However, they are not used for the chramium risk assesament
because of difficulties related to detemining dose levels to use in the
assessment where the route of exposure was implantation (see Part B, p 21
for further discussion of this point). With respect to the epidemiclogic
studies, few have attempted to distinguish among different campourds and
those that have done so tended. to be inadequately reported and include only
small populations of workers. The International Agency for Research on
Cancer (IARC) has concluded, and the staff of DHS concurs, thét the current
epidemiologic data d.é not allow an evaluation of the chramium carcinogenic

‘risk based on campourds having different solubilities.

COMMENT IX. There is no human evidence that chromium campounds are
associated w1th teratogenesis. The older animal studies which have
reported teratogénic effects should be evaluated relative to dose and

maternal toxicity. (Diamond Shamrock) B
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Response: The two teratogenic studies reported in Part B deal with
swmféneous and intravenous routes of exposure which are not directly
applicable to envirommental exéosure to chramium. They were cited for
caupleteness only. Based on these studies it is possible that Cr(VI) may be
teratogenic but this would only occur at levels far exceeding ambient

exposures or at doses which are maternally toxic.

COMENT X. The modifiers "weakly" and “highly" should not be used to
describe the mutagenic effects of chramium. The report should provide an
indication as to how chramium campared to other mutagens. (Diamond
Shamrock)

Response: The tems "weakly" and "highly" were used with reference to the
number of test systems in which chromium gave a positive mutagenic response.
Altl;ough qualitative in nature, since no positive controls were used in the
assays, there are no data with which to more precisely describe the .

mutagenic activity of chromium relative to other mutagens.
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Southern California Edison Company

F. O. BOX 8OO
2244 WALNUT GROVE AVENUE
ROSEMEAD. CALIFORNIA 81770
EDVWARD ) FAEDER, Ph.D.

September 24, 1985

Mr. Richard Bode

California Air Resources Board
1800 15th Street

P. O. Box 2815

Sacramento, CA 95812

Attention: MEMBERS OF TSE SCIENTIFIC REVIEW PANEL
Subject: Report to the Scientific Review Panel on Chromium

Southern California Edison would first like to state that we
believe the public was allowed insufficient time to review and
prepare comments on this complex and important report. Members
of the public had only three (or less) working days to review the
revised report and prepare written comments. Although we
obtained the report as soon as possible after receiving notice
that it was available, it was not possible to submit comments to
the ARB in time for them to reach panel members prior to the
September 26 meeting. Panel members will now first review and

consider public comments at their meeting held to take action on

the document. We do not believe that this method of operation is
in accord with the intent of AB1807. We recognize the ARB's
desire to proceed with these reviews in a timely manner and
realize the constraint of time schedules written into state law.
We believe, however, that some provision must be made to allow

- public input to the process when. the intent of the law was to do

just that.

While we did not have sufficient time to prepare extensive
comments, we offer the following general comments on the Report
to the Scientific Review Panel on Chromium.

This report concludes that hexavalent chromium should be
treated as a substance without a carcinogenic threshold. A
recent publication on the metabolism of hexavalent chromium,
which we have included as an attachment to these comments, should
be considered in this context. Research by Petrilli et, al. (see
attachment) indicate that, in addition to already recognized
detoxification mechanisms operating outside target cells,
specific and inducible chrOmium-reduc*ng pathways mediating
threshold phenomena in chromium carcinogenesis (e.g. mutagene51s)
do alsc occur in the intracellular environment.
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We wish to bring this recent data to the attention of the SRP ‘
since it can be useful in evaluating tke carcinogenic potential
of chromium compounds at low doses.

The Overview and Recommendation section of the DHS report
states:

"...the theoretical lifetime cancer risk frem a

continuous 70 year exposure tc atmospheric hexavalent
chromium (chromium VI} exposure rances from 12 to 146
cases,per million people per rnanogram per cubic meter

(ng/m>)."

We feel this statement is very misleading. The commonly -
accepted meanings for the word "range” include "the full extent
covered by scmething"™ or "to vary within specified limits"™ or
"the class of admissable values of a variable™. The values
presented in this report represent only the mid-to-upper limits
of risk. Consideration of factors such as the impact of smoking
in the Mancuso study worker population or underestimation of
their exposure to hexavalent chromium, factors which would lead
to lower. estimates of risk, have been systematically exzluded in
the development of tkis "range" (Section 8.3.8 - Summary of the
Risk Assessment). A more factual estimate of the "range"™ of risk
would extend from the lowest to the hichest scientifically
reasonable risk estimates. If a more conservative risk range .
estimate is proposed, the following stztement, which currently .
appears on page 98 of Part B of the report, should be included in
the Overview and Recommendation section.

"The staff of the DHS does not present a lower
confidence limit for potency estimates pecause the trae
risk may be considerably below even the lower boundary
of the 95% confidence interval limit, yet there is no
scientific basis for locating this risk."

SCE appreciates this opportunity to provide ccmments during
the development of this important docurent. It is our hcpe that
more time will be allowed for public input in the development of
future reports.

Sincerely,
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specificity and Inducibility of the Metabolic Reduction of Chromium(VI)
Mutagenicity by Subcellular Fractions of Rat Tissues’

Femando Luigi Petrilli, Anna Camoirano, Cario Bennicelli, Patrizia Zanacchi, Marina Astengo, and

gilvio De Flora®

jcree O Hygiene. University of Genoa, Vis Pestore 1, 16132 Genoa, Maly

l“BSTRACT

The mutagenicity of sodium dichromate in the Ames test was
gecreased as a consequence of chromium{V1) reduction by tissue

stmitochondriat (S-8 or S-12) fractions from untreated rats
witn the following rank of efficiency: liver; kidney; and iung. The
etects of iung preparations were significantiy enhanced following
the intratracheat administration of high doses (0.25 mg/kg) of
dichromate itself, 5 times per week for 4 weeks {i.e., 20 fraction-
ated instillations). No changes were conversely detected follow-
ing single weekly doses of 1.25 mg/kg for the same period {i.e.,
four cumulative instillations). The local stimulation of chro-
mwm{Vl) metabolism was aiso confirmed by testing the muta-
genicity of calcium chromate and chromium tripxide, whereas
e metabolism of a number of other activatable or deactivatable
mutagens was not significantly affected by intratracheal treat-
ment with chromium(Vl). Of three enzyme inducers injected i.p.
which modified the spectral properties and/or concentration of
cytochromes P-450 in liver and lung micrpsomes, only Aroctor
1254 proved to stimulate chromium(Vl) metabolism in iung cells.

in liver cells, Aroclor 1254 and to a lower extent phenobarbital ©

inguced chromium(VIl) reduction, while 3-methylcholanthrene
was ineflective. Pretreatment of rats with these three compoungs
resuited in a seiective induction of the metabolic activation of
promutagens [benzo{a)pyrene and its trans-7 8-diol, 2-aminofiu-

pounds have been reporied to be inactive in cellular systems,
while chromium(V1) compounds have been consistently found to
exert, both in vivo and in vitro, mutagenic and clastogenic effects
in a variety of prokaryotic and eukaryctic cell systems, as well
as DNA damage and cell transformation {13, 14, 18, 25). In the
Ames reversion test, once solubilized in water or afkali, all the
chromium(Vi) compounds tested appear to share very similar
features, i.e., the same spectrum of sensitivity of his™ Salmonella
typhimurium strains, the same order of magnitude of mutagenic
potency, as well as the same trend 10 a2 decrease of mutagenicity
in the presence of metabolic systems (6, 26). These pattems
clearly indicate the responsibility of the hexavaient ion in produc-
ing genetic effects. However, solubility of chromium compounds,
when introduced into an organism under crystafine form, is
expected to play an important role in vivo by affecting their rate
of absorption, distribution, retention, metabolism, and ciearance.

The metabolic fate of chromium is of particular concem for
predicting and interpreting the in vivo effects of this metal. Since
the first demonstrafions that the direct mutagenicity of chro-
mium(Vl) can be decreased by rat liver S-9 fractions (5, 12, 20,
23), many efforts have been devoted to assay the possible
interconversion processes between the hexavalent and the tri-
valent forms. In the past years, we have been investigating the
mutagenicity of several chromium compounds in the presence
of up to 40 metabolic systems. including body fluids and sub-

orene, afiatoxin B,) and of the metabolic deactivation of direCt- .caljular fractions from various tissues of humans and other animal

actng mutagens  {2-methoxy-6-chloro-8-[3-{2-chioroethyl}
zminopropviaminolacridine - 2HCI, epichlorohydrin, 4-nitroquino-
lino-N-oxidej by S-12 and microsomal fractions. These findings
indicate that, in addition to aiready recognized detoxification

mechanisms operating outside target cells (26), specific and

inducible chromium-reducing pathways, mediating threshold
phenomena in chromium carcinogenesis, do also occur in the
intraceliular environment. :

INTRODUCTION

Both epidemioiogica'l and experimental data suggest that chro-
mium compounds may Possess carcinogenic properties (13, 14).

. However, an adequate demonstration of carcinogenicity in ani-

mals is available only for 2 limited number of chromium{Vl)
compounds, and no condusion can be drawn about the respon-
sigiiity of specific chromium compounds it inducing lung cancer
in occupationally exposed individuals. ’
Shori-term test systems have provided a useful ool for iden-
tifying potentialty carcinogenic compounds and for elucidating
therr mechanisms. With very few exceptions, chromium(llf) com-

1 Thes work.was suppones by CNR (Special Project “Oncoiogia”) anc by IHF
Crromuum Chemicais Envronmenta Hea'th ang Safety Comminee.

2 To whom: requests for repnnis shouls be addressed.

Recewved 4,24/84; revisec 2/5/85: accedied 3/27/85.

species, also under the influence of special diets or treatments,
diseases, £r drugs. No metatolic activaticn of Zhromiura{lil) coul?
be detected (24), while the mutagenicity of chromium{Vi} was
markedly decreased by liver preparations from humans, rodents
{rat, mouse, hamster, woodchuck)}, chicken, and fish {Refs. 8
and 26;.Footnote 3). Preparations from other tissues and body
fiuids were also capable; to a variabie extent, of reducing chro- -
mium{VI) and of lessening its genetic effects,

In & separate paper {9}, we are describing the possibie bio-
chemical mechanisms responsibie for the metabolic reduction of
chrormium, in this paper, we provide evidence that this metabolic
process is specific and that it can be selectively stimulated not
only by known enzyme inducers but also, in fung cells, by the
repeated i.t.* administration of high doses of chromiumn(Vi) itself.

The data herein reported were obtained in 2 consecutive
studies. The first one (referred to as Study A) aimed &t assessing
the decrease of chromium(Vl) mutagenicity in- the presence of

IF. L. Pemil, A. Camoi-ano, C. Bennicelh, P. Zanacchi. M. Astengo, ano §. De
Flore. unpubhshed data.

“The abbreviatons usec are: it., mniratrachea!: 2AF, 2-amincfiuorens: AFB1,
aratoxin B,; ANOVA, ana'ysis of vanance: AR. Arootor 1254; BP, benzola)pytene;
BP 7.6l benzofa)pyrene trans-7 B-oidt; DS, dimethy! sulionidge; ECH. ep-
ehigronyonn, GEPD. glucose-8-phas phate aehysropenase;, GSH. reduced olutath:-
ora: iCR 181, 2-methoxy-5-chioro-8-1342-chioroethyilaminopropylamnolacngine -
2nCi MC, 3-methyicholanthrene; PAR, Dolycycis aromatc hydrocaron; PB. phen-
ooartital; PCE, polychlonnzted biphenyl: 4NQC, L-nitroquinoime 1-0xi0e.
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wung, kver, and kidney 5.9 “zotions from rats treated it accord- -

ing 1o vanous schedules. with NaCl or sodium dichromate. The
second (Study B) aimec at confirming the stimulating effects of
i.t. dichromate cn chromiumiVl) puimonary metabolism and at
comparatively assessing the extert of its reduction by éver and
lung S-12 fractions from rats treated i.p. with enzyme inducers.
The specira and concentrations of cviochromes P-450 were
determinzed in the cormespending microsomal fractions. The effi-
ciency and specificity of treaiments were also checked by eval-
satng the ability of subceliular fractions in activating promuta-
gens (8P, BP 7 B-dic!, 2ZAF. AFB1) cr in decreasing the muta-
gericiiy of direct-acting compounds (4NQO, ICR 191, ECH} in
the Ames test.

MATERIALS AND METHODS

Chemicals. Sogium dichremate (Na;Cry0--2H,0) used for the «t.
treatmant of rats was obtz nec from Reecei-De Haen AG. Merck, Darms-
tac:. Faceral Repubiic of Germany. It was cisstlved, at the concenta-
wons ndicated in Tadde 1. i 2 0.9% NaCl solubon,

The 3 enzyme inducers, dissolved in com oil, were PB (E. Merck AG),
IMAC Fiuka AG, Buchs, Switzenand), and the PCB AR (Analabs, Inc.,
North Haven, CT).

Tne compounds assayed in the Ames lest were sodium dichromate
anc chrormium tnoxide (Cr0,) (Merck-Schuchardt, Monich, Federal Re-
pus-ic of Germany). calcium chromate (CaCrQ,) {(BDH, Poole, England),

AF and BP (Ega-Chemie KG, Steinheim/Albuch, Federal Republic of
u=~r.¢my) B8P 7.8-diol angd <NQO (kind gift of Dr. D. G. Longfeliow,
Netgnral Cancer institute, Setmesda, MD). AFB1 (Sigma Chemical Co..
St Lows. MQ), ECH (Carlo Erpa, Mtano, Italy), and ICR 191 [Polyscience,
inc., Ywarnngton, PA),

Treatment of Rats. Treatment of 10-week-old male Sprague-Dawiey
rats was carmed oul at the Institute of Toxicology of Bayer AG (D-3600
Wuppertal. Fegeral Republic of Germany) by Or. D. Stewnhoff. The
treatment schedute is reporied in Table 1. )

The 1.t. application, consistng of a volume of 1 mijkg body weight,
was performegd on rats anaesthetised with ether, as described in more
detail by Steinho® et a5 The rats were cupplied with tap water and
Altrcmin standara dhet (Altrogge 4837 Lage) ad fibitum throughout the
periog of treatments. During the last 12 h before sacrifice, rats were
starves ang permmines water.

Preparation of Subceilular Fractions. Irrespective of the treatment
schedule, all the rats were sacrficed 24 h afier the last i1t of 1.
adrmmstration. with the exception of those receiving AR, which were
kied 5 gays after its injection. Lungs and hver (Stuxty B) and additionally
kidreys (Study A} were-asepucally collected from each rat, foliowing
anestnesia with ether and kil'ng by decapitanon and bleeding. All the
sucsequent steps were camed out at 0—4°C, using sterile giassware
and solutions and operating under aseptic conditions.

tmmeqiately after removal, 1ne organs were washed in flasks contain-
g a8 10 mM Tns-0.15 » KCI so.wtion, pH 7.4, transiemed into beakers
contaring 10 mil of the same soiution, and finely minced with scissors.
Winced organs wers wiped on gauze, weighed, and immersed i 3
vclumes (1e.. 3 mifg of wet ussue) of a 50 mm Tns-0.25 M sucrose
sotion. pH 7 4. Homogenates were prepared using 8 Potter-Elvehjem
apgaratus witn glass tubes and Tefien pesties (5 strokes).

Homogenates were centfuged twice for 20 mmn at 9.000 x g (Study
Aj or 12,000 x g (Stuay B). The supematants {S-9 or S-12 fractions,
respectively) were civided e smalt aliquects and stored at —80°C.

In Stucy B. alquots of Fver and lung $-12 fractions from each of the
6 eapenmental groups wete further pooied. gauze filtered. and centn-
1uge-q tvace for 1 b at 105.030 x g using 2 Beckman Spinco L2-E58

"D Sternoff, S C. Gad. G K Hatfied. and U. Molv Carc:noge--\c‘y Stuay
Witr SOCMM CRCIWOMALE i 1ats, SUDMTed tor pubicabon.
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virrzecentrfuszs. Trz micrcsome o
won of 0.5 mioper 2 of ongmE uss
sQiston, oH 7.4 suopieTenter
alicuots, ang freze- at =£0°C.

The prote n conzenral on - 8-3 812, and microsomal frecuons was
meas.ted EToron; IS e prote n-aye metriod of Braciorag (3).

Determination o‘ Cytochromes P-450..The amcunts zng the specral
Sreoerues o cytoctromes F-430 o iiver microsomes were determineg
2y Teans cf the assic f'ne'-'-: :22% evaluating CO binding to cvio-
ChrHTErEQUIBC win Can taste. Dytscrromes P450 m puimcnary micro-
s0~es were setermned a.,co"" =5 0 & specricaily designec method {16)
Melivng recucion of et rr,: 25 wath ascorbale znd phenazine
memncsulate oror i cutoung CO ene agding dithiontte,

Muiagenicity Assays. T ‘*be €723 ¢ the vanous subCeiuiar rachons
on e mutzzer.city of chremn TV compounds were investgated m
e Ares test Dacs 2&ly ‘Cilow T2 ‘he stancarg plale mCOroorsnon test
127 . 8 ace w2 Fave recenty c--\c- Eted that TA1C2, 2 newly Cavel
ap=d 5. tygcimunaT Strain wrch s efhciently reverted by oxiczive
mutagzns {15), 5 e/en More sensihve 10 chromiumiVi) than TA100 {2).
OG0 ST2 NS were LIS INIRE T ITE relent exterments. )

Sinze tne cecrezse of carsmoLm VI mutagenicty is more oronounced
o8 owing gL 3 precncubaton w.It metanoiic systems (9). gicnromate (10
W0 20 g, siziein 100 4l ¢ broisihed water) was premcusated jor 10 at
37°C with suncetiar frazuons .20 10 200 ul/piate) meorporated in 5-9
mix (0.5 mi/Zate). pnor 13 a-pication on target cells and embedcing in
o ggar. 59 mx nad t-e sta~gatg composition (21) when combined
with -8 or §-12 fractions. ang + was supplemented with 4 !U o! yeast
GEPD when combiveg wn microsomal fractions.

The other compcunds EsisC ~vere essayed at the concantrausons and
witTh e S. vphimunium strars ingicaied under “Results.” Mutzgens
recuinng meiabokc activaiion 8., ZAF, BP, BP 7.8-did, and AFB1. al
dissoived in DMSC) and 2 nor=wtagenic chromiumiilly compound (i.e..
chromum acetate. AISSOWaC M waler) were orectly mixed with elanchc

ystems, bactenia. and morlen 1€p agar according o the siandard
procecure (21). Muiagens uncergoing metabone oeactivaton ie., Cak
ciun chromate, chromiu tnos.Ze. ECH. and ICR 161, ai aigsoived n
wezier. and <NQOQ dissc ve2 m DMSO) were prencubated with the
meabolic systems as descnae for dichromate.

All the muiageniaity 2ssays were perfortned in nipiicate plates.

‘21 was resuspended. in the arosor-
g€ N & 50 mw Trs-0.1 mw EDTA
et 20% Qtyceroi. Gividee IR0 Smal

bl

RESULTS

Eftect of Treatmenis on Weight of Organs, on the Protein
Concentration in 5-9 and $-12 Fractions, and on Cytochromes
P-450 in Liver and Lung Microsomes. As shown in Table 1.
the i.t..treatments, either with NaCl or with sodium dichromate.
hag no signdicant influence. as checked both by ANOVA and by
Student's t test, on the mezn values of weignt of organs and ob
the protein concentrat:on in the comesponding S-9 (Study A) of
$-12 {Stuay B) fractions, Conversaiy, the i.p. treatment with PB.
MC, and AR resuiied in a statisucally significant increase i liver
weight. Such increase was pertcularly pronounced in the case
of AR, which additionzlly determined an increase in the protein
cengentratian of the carresponding S-12 fractions (significant at
the 0.05 level).

Tanle 1 also shows the wavelength of the peaks of cyto-
chrames P-450 and their concentration in fiver ang lung mucro-
semas ohlaned from ne & expenimental groups unger scrutiny

~in Study B. The metriocs used proved to be very accurale

resoivng 2nd discrminating the peaks of Cyiochromes, s relaied
e treatment of rats. In facl he pezk was consisiently at 450
nm {or the liver microsames of untreated rats and of rats treated
with 8aCl Nz Cr:0x; of PB. »hile it shifted to 448 o 448.5 n™

45 JULY 1635
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in sampies from MC-treaied rats and to 449 to 4485 nm in

h-]
- ) [=]
5228 g § : § ; samples from AR-treated rats. The peaks yielded by tung micro-
HHHHH f somes showed the same ¢ a shghtly increased wavelength (0.5
SEE8E & 10 1 nm}. as compared with liver microsomes.
cocos S ‘ The concentration of cytochrome P-450 was considerably
2 e o | higher (11- to 24-fold, depending on treatment of rats) in kver
:;“.,.’? ?zi 3 than in lung microsomes. The 2 procedures used for iver (2_2}
2888y 2 and lung (16) preparations yielded similar figures, from both
v s IO qualitative and quantitative standpoints, when comparatively as-
maanbi % sayed with liver microsomnes. The mean increase in cytochrome
cecos o P-450 levels in hepatic microsomes (based on 3 to 5 assays pér
§ é,‘ g § é .'2 sample) was significant in animals treated i.p. with the 3 enzyme
GOC e~ inducers and was particula-y pronounced in the AR group. Both
o o MC and AR induced a skght increase in P-450 concentration
€ g also in pulmonary microsemes. but such increase was statisti-
§ 3 35 it 4 cally significant for the lztter inducer only. Neither NaCl nor
3?3 Na,Cr.0; it. affected to 2 significant extent P-450 levels in liver
! or lung microsomes.
' Decrease of Dichromate Mutagenicity in the Presence of
EEEEL | Lung, Liver, and Kidney $-9 Fractions from Rats Treated i t.
i with NaCl or with Dichromate liself {Study A). in the absence
Cemen O of metabolic systems, sodium dichromate induced a dose-related
T‘fﬁ::: " mutagenic response in strain TA100 of S. typhimurium, with a
Ccneo- © narrow range of active concentrations (20 to 40 pg/piate) and
239e9Y B occurrence of toxic effects (absence or marked sparing of the
OnNNE 0 £ background lawn of bacterial growth) at 50 eg/plate. Addition of
S hmwmm . ! §-9 mix containing lung, kidney, or liver 5-8 fractions from the
Nymr~o O variously treated rats resulied, 10 a variable extent, in an evident
—eess -, decrease of mutagenicity andf in the conversion of toxic into
: mutapenic effects at the highest dose tested. An example of
EEbEe & results obtained is shown in Chart 1. :
. . : In pa-ticular, liver preparations (vhich were examined only in
ey = the 3 groups of animals treated 5 times per week) were the most
cosce & efficient in decreasing dichromate mutagenicity. At 100 ui/piate
ahaes o (Chart 1), their preincubation with dichromate, even at 50 ug/
seece I plate, resulted in an aimost complete ioss of mutagenicity, with-
o -y 04 out any significant difference among the 3 i.t. treatments under
cccce o scrutiny. Even by lowering the amounts of liver S-9 fractions 1o
conom N saZ 5D or25 ul/plate (data not shown), in order to obtain an incom-
pessm . 222 plete reversal of mutagenicity. no significant difference could be
<<l 8= % %E % detected among the 3 groups (F > 1, P> 0.05).
xxXBPp, | EEEE The kidney S-9 fractions obtained from the same 3 experi-
FE8S3855) 2325 mental groups were clearly less active than liver S-9 fractions in
oo e 33I3 decreasing dichromate mutagenicity but. despite the slightly
ggo- - 58 g £ lower protein concentration (see Table 1), they were more effi-
' i E gg g cient than the corresponding lung preparations (Chart 1}. As for
S8 . | sz 24 the liver, no significant difference (F > 1. P > 0.05) could be
e g TEEg  Odetected by preincubating varying amounts of chromium(Vl) with
. . = = EE S-9 fractions pooled within each group (Chart 1), nor in other
“Z8s 2 TEEg experiments evaluating the metabolic activity of afl the individual
. SEZT kidney preparations with fixeg amounts of chromium(Vl) (data
Q 2%2Z%  notshown). ‘
%o « 2 y g § Lung S$-9 fractions were prepared from the animals treated it.
zze s < sccg for 4 weeks with NaC!l or varying amounts of dichromale. once
ccowe W ; -_._ c"_ ;‘,, o  perweex (2 groups) or 5 limes per week (3 groups}. The ANOVA
T o :—f: ETE= reveales significant differences. on the whole (F = 58.62. P <
by CZEEEE. 0.001). . the number of revertants induced by varying amounts
23 5% £ of dicnromate in the presence of S-9 fractions pooled from the
zE =22 & 5 expermental groups. In particula!. orthogonal comparisons of
i . tne mezn values shown in Chart 1 provided evidence that the

CANCER RESEARCH VOL 45 JuLY 1985
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1200" Lung 5-9 . Kidney S-9 Liver S;Q -

{200 pi per plaial 4 } 200 pi per piste/ 107 pt per platel
b L
@ 1000 ,\
5 /'
S 800 / Y
- L] \
@ ‘ /
600" : /
W
=0 x
g 400: - . <
e ;
o 1
> ; L t
£ 200 E= B e e e SR
; x i
05 TOXIC i
0 0 20 30 40 50 0 10 20 30 40 S0 0 W 20 30 &0 50 ;
Amount of Na dichromate per plate (pg) !
Chan 1. Doseresponse curves ODtamed by testng varyng amounts of sodiurn cc-orzte (Study A) oreensuiated ‘e 1 4 &0 I7°C witn 58 mex contzamng edher @ ¥
50 rm Tns-0.25 M SUCrose Soiubon (SONtrals of cichromale mutagenicty m stran TA1CZ 68 S, iyan Murers. w1 o0 3-8 TEIICs DD0ie *rofm rats reated 11 for 4 weexs i
25 10a0wS. ", NaCl {1 « 9 mo/sg/week), 4. N3;:Cr0: (1 X 1.25 mgikgineer Tl M2l i3 x € 2 og acis 8- - —& K lry0- (5 « 0.05 mgrkgiweek,. .
*—& MNa:Cr0: (5 x 0.25 mg/kg/week). Confidence kmns are not shown for the sake of ssual canty. :
H
1
i
i

Tabtle 2

ANOVA of 4 experiments aiming at assassing the efficrency of rat lung 5-9
tractons in gecreas:ng the mutagercity of sodivm drchromate

T5* ws. T3 T3 vs. T4
Amount of dichro-

Expenments mate {ug plate) F P F P
10 1) 50 26.85 <0.01 328 >005
1, 1) 40 2118 =001 1431 <0.05
oA 1) 0 1944 <005 <1 >0.05 .
T iChan 1) 20 41939 <0.01 <1 >0.05
2 {Not shown) a0 9.29 «<0.05 <1 >0.05
3 (Not shown) 40 . 42130 <007 661 005
4 (Not shown) 30 486 >»0.05 150 =005

T T2, rats recewing sodium dichromate (0.25 mg/kg) it. 5 limes per week for -4
weeks: T3, rats recerwng 0.9%: NaCi solution i.l. 5 times per week for 4 weeks;
T4, rats recening sodkum dicthwomate {0.05 mg/kg) it 5§ times per week for 4
WS

decrease of mutagenicity is significantly more pronounced in the
group of rats receiving dichromate (0.25 mg/fkg) 5 times per
week, as compared o e other 4 groups, at afl the concentra-
tions of dichromate positive in the Ames test, ie., 50 ug (F =
96.66, P < 0.001), 40 ug (F = 71.94, P < 0.001), 30 ug iF =
48.85, P < 0.001), and 20 ug (F = 20.36, P < 0.01) per piate.
Although tc 2 lower extent, lung S-9 fractions from rats receiving
NaCl 5 times per week showed an increased efficiency. com-
pared to the remairing 3 groups, In reducing dichromate muta-
genicity at 50 .. = 11.77, P < 0.01,. 40 g (F = 1264, P <
0.01). and 3© = 6.88, P < 0.05) per plate.
~ Several ots; - xpenments confirmed that, in general, the lung
S-9 fractons from rats treated 5 times per week were signifi-
cantly more active than those from rats treated once per week
and that, within the former group, the metabolic activity was the
highest in the animals receiving dichromate (0.25 mg/kg).

Table 2 reports the resuits of a statistical analysis of 4 separate
expenments with lung preparations from rats treated 5 times per
week. One of these (the one summanzed in Chart 1) was carreg

out by testing the mu:zgen:zsy of varying ameounts of dichromate
in the presence of lung S-¢ fract:ons pooled from the 3 groups.
whereas the other 3 :Expeimeants 2 0 4) were carried out by
testing the mutagenic:ty of a fixed amount of dichromate in the
-presence of the 15 indiviczal lung $-9 fractions, all of them in
triplicate plates. It czn be coserved that, with the exception of

Experiment 4, the i.t. treatment with the higher dose of dichro- & ¢

mate (T5) resulted in an insreased metabolic efficiency of lund :
preparations, as compared with administration of (s solvent™ -
(NaCh (T3). On the omier hand. with the excention of Experiment

1 (at one dose level snly}, n2 significant difference was apparent
petv.een T3 and T4 (ower Jose of dichromate).

Decrease of Dichromate Mutzgerigity in the Presence of
Lung and Liver £-12 Fractions trom Rats Treated i.t. with
NaCl or with Dichromate itself or i.p. with 3 Enzyme inducers
(Study B). As in the previous study, fiver preparations were
markedly more efficent than lung preparations in decreasing
dichromate mutagenicity and were therelfore tested mn low
amounts {20 to 25 u!'plate) in order o point out possible meta-
bolic differences attroutabe o the various treatments of rats.
Again, such a phencmenon was mnvestigated Dy testng both
fixed arnounts of gictromate wath: all the indivicual 5-12 fractions
{30 of lung anc 30 o: kver) and varying amounts of dichromaie
with $-12 fractions poclec Tom the § expenmental grouds.

In Study B, neither :he reseated 1.1, administration of NaCl nof
the i.p. injection of MC haa any influence on the cecrease of
chromium(Vi) mutzgscity Sy fver or lung preparations. as com-
pared to untrezated controls. Conversely, in all experiments pef-
formad. AR induced & higmy significant {P < 0.001) stimutation
in both the liver and. generzly with mere attenuated effects. the
lung. PB. although less efcientiy than AR, also enhanceg e
metzDolic etects n e mz oty of tne expenments performed
with hver S-12 fractions (cnze P < 0.001. twice P < 0.01%, twice
P < 0.05, and once F > 0.£5). A pordenine effect (P = 0.05) was
chserved m the lunc of PB.treated rats in enty one of 6 expe™ - .

ments, An opposite Tend «as abservad in rats receiving 20 1.1 ‘
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METABOLIC DECREASE OF CHROMIUMIVI) MUTAGENICITY

goses of dichromate. in fact, no change of chromiumn(Vl) metab-

ism occurred in the liver, while a stimulation was consistently
getected in the iung, in agreement with the results of Study A.
Such metabolic enhancement (which quantifatively approached
the one afforded by AR in the same tissue) was statistically
sianificam. as cpmpared 1o lung preparations from untreated or
NaCHtreated rats, in‘all the experiments performed (twice P <
0.001. twice P < 0.01, and twice P < 0.05).

chart 2 shows an example of dose-response curves obtained
with sodium dichromate in the Ames test, in either the absence
o the presence of liver and lung 8-12 fractions from variously
treated rats. For the sake of visual clarity, only the treatments
leading to 2 significant stimulation of chromium({Vi) metabolism
are reported. As already described, they are: i.p. AR and i.p. PB
for the liver; i.p. AR and i.l. dichromate for the kung.

gtiect of Lung $-12 Fractions from Rats Treated it. with
Dichromate on the Mutagenicity of Other Chromium Com-
pounds. Assays with strain TA102 of S. typhimurium confirmed

100G

Liver S-12 Lung S-12

120p1 sor puane! 1200 pt par poete!

Ny Ay
s A\

par platla

.
/, :
h
.
,
; .
; .

Ravariants

o —

0 W 20 30 40 50 ¢ 10 20 30 40 50

Amount 6! Ns dichromats per plate {pg)

Chart 2. Dose-response curves obtained by testing varying amounts of sogium
gichromate (Study B). prencubated for 1 h at 37°C with 5-3 mix containing either
g 50 mv Tns-0.25 m sSucrose soiution (controls of dichromate Mutagenicity in Strain
TA100 ot S. typhimurium; X) or 5-12 fractions pooked from rats treated as follows:
. untreated; ©, Nazlr0y 1.t (5 x 0.25 mg/kgrweek); O, PB ip. (3 x 60 mg/kg/
day for 3 days): B, AR ip. (1 x 500 mg/kg). Confidence kmits are not shown for
the zaxe of visval clamty. -

the enhanceg decrease of dichromate mutagenicity by lung S-
12 fractions ¢ rats treated i.t. with dichromate itself and showed
a similar behavior also for the 2 other chromium(Vl) compounds
tested. i.e., calcium chromate and chromium trioxide (Table 3).
in terms of reveriants per plate, the differences recorded for
each compound betwesn lung preparations from NaCl- and-
dichromate-treated rats were not statistically significant, al-
though they approached the 0.05 significance level. However,
the differences were significant (P = 0.071 by Student’s ! test)
when the values obtained with the 3 compounds were al! ana-
lyzed together. Furthermore, similar trends were confirmed in
additional experiments. A chromium(ill) compound, i.e.. chromic
acetate, was inactive in both the absence and the presence of
lung S-12 fractions, even when iested up to 100-fold-higher
doses on a molar basis, compared 1o chromium(VI) compounds.

Efficiency of Liver and Lung S-12 Fractions from Variously
Treated Rats in Activating Promutagens or in Deactivating
Direct-acting Mutagens. The same S-12 fractions useg for
investigating chromium(Vl) metabolism were also checked for
their efficiency in activating 3 promutagens (2AF, BP, and BP
7.8-diol) and in deactivating 3 direct-acting mutagens (ICR 191,
ECH, and 4NQ0) in the Ames test.

As shown in Chart &, each one of the 3 promutagens was
tested in the presence of 3 different amounts of S-12 fractions
(50, 100. and 200 p! for the lung; 25, 50, and 100 ul for the iiver).
Lung §-12 fractions fziied to activate BP and BP 7,8-diol and
were poorly active in converting 2AF into mutagenic metabolites,
without any appreciable difference among the 6 experimental
groups. g

The aromatic amine was activated to & sirmnilar extent by 2
and 50 ul of liver 8-12 fractions per plate from untreated rats
and from rats-receiving NaCl, Na,Cr:0,, or MC. The efficiency
of metabolic activation was further increased following pretreat-
ment of rats with PB or AR. With the latter inducer, the highest
mutagenic response was obtained with 25 gl of liver preparations
per plate. . _ '

The fver 8§-12 fractons from untreated, NaCl-, or Na,Cr.0O--

Tabie'3
Assay of 3 chromiumi(Vi) and one chromiumiill) compouncs in the Ames test in the presance of lung §-12
‘fractions from rats receiving i.1. reatments
Chromium compounds wefe ncubated for 1 K at 37°C with 5-5 mix containing efiher the homogenate
butfer or 40% lung S-9 fractions from 2 groups of rats ang then plated in triplicate with strain TA102 of 8.

typhimuriurn, as described in “Matenals and Methods.”

- Amountfplate Revenants/piate
With lung $-12 fractions
Compound Chromium Without 5-12 Sodipm dichre-
Compaound () (nmo) fractions NaCtir” rmate it®

Distilied water _ : 234 = 185 282z & 271 = 12

Sodium dichromate 328 50 102 =20 630 = 65 529 + B4
{N3:Cr:Cy - 2H20)

Calaium chromate 236 50 1424 = 127 £83=72 465 » 24
{CaCr0.} :

Chromium trioxide 9.6 50 1506 = 91 £36 = 24 457 x 86
{Cr0y)

Chromic acetate 5044 5000 247 =25 269 = 1€ 278+ 36

{CHCHCOOR]

* Pretreatment of rats: 0.9% NaCl soluton i1 5 times per wees %07 £ weeks

¥ Pretreatment of rats. sodim dichrormate (0,25 mg/kg) 5 nmes per weex for 4 weens.

¢ Mean = SD.
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treated rats showed only 3 marginal ability in activating the 2 AR ‘reatment. 4NQO was deactivated by both liver and. to 2 _:
PAHSs. Liver preparations from PB-treated rats activated BP 7.8~  lower extent, lung preparztions, without any apprecizble diftef :
diol out not BP, whereas AR and MC were highly efficient in  ence among the 6 croups excepting. again, some further sem- i
stimutating the metabolic activation of both PAHs. u.atan by AR. Ali 3 enzyme inducers stimulateg ICR 191 deat

The etfects of liver and lung S-12 fractions from the 6 experi- tvaton by liver S-12 ‘ractions. with the following rank of eff
mentz! groups on the mutagenicity of 3 direct-acting compounds  cercy: AR {wnich compietely reverted its mutagenicity); MC: ;
are shown in Chart 4. The mutagenicity of ECH was only z-c¢ PB. The mostirteresting finding in this series of 2ssays was i
marginally affected by lung preparations, with some more evident  tnat some stimuiatcn of ICR 191 deactivation by wng s-12
consequences following AR treatment. Conversely, afl the fiver  Factons was afferced by not only AR but also (anc even 10 2
preparations decreased the mutagenicity of this epcxide. anc  lzrger extent) the': 1 pretrzaiment of rats with dichromate. The
such an efiect was more pranounced following PB and especially  c.ference ecorded berween NaCl- and dichromate-treated 137

.
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Tabie &

Efact of liver microsomes from variously treated rats on the actvity of venous mutagens
ssayed i mphcate in the Ames test in the presence of 5-8 mix (supplemented wih GHPD). without or with bver merosomes (recovered
enzyme nducers i.p.. 85 specihed in Table 1.

No. of inducet revertants

o No. of With rat liver microsomes
Amount/plate  S. typhimurium  SpORtaneous Without
Compound (M)} strain revertants MiCToS0Mmes Untreated P8 MC AR
Gogum Gohromate 32 TAI00 134 = 6° 837 x 27 347226 268 = 23° 326 = 31 204 = 8°
o 0.5 TA100 134x6 1216 33 316=8 253+ 157 256 21° 138 = 12°
\OR 193 25 TA1537 B3 1930 = 47 €22 = 30 248 = 11¢ 56 = 6° 19 = 5°
2AF 5 TA98 3524 47 £ 8 396 = 21 670 = 17° 465 = 1 561 = 21°
g 5 TA100 134+ 6 139210 146 = 16 155 6 338 = 17° 447 = 13°
AFB? 1 TAN00 13426 15429 148+ 13 547 = 21° 155+ 8 542 x 41°
* psezn = SD.

® gigrificant at P < 0.05 by Student's ! test as compared to untreated rats.
€ ganificant a1 P < 0.001 by Student's ¢ test 2s compared to untreated rats.
@ Ggreiicant at P < 0.01 by Student's 1 1est as compared 10 untreated rats.

was not significant, although it was very close to the 0.05
significance level, as evaliuated by Student's t test.

“Abitity ot Liver Microsomes from Variously Treated Rats in
Metabolizing Mutagens in the Ames Test. The eflects of the
ip. yreatment of rats with the 3 enzyme inducers were also
investigated by checking the ability of liver microsomes in affect-
ing the mutagenicity of both promutagens and direct-acting
mutagens {including dichromate) in the Ames test (Table 4).

“The direct mutagenicity of sodium dichromate was decreased
to the same exient by liver microsomes from untreated and from
MC-treated rats. In agreement with the trends observed with
liver S-12 fractions, the activity of liver microsgmes was further
ampiified by PB and especially by AR treatment.

( %" The mutagenicity of 4NQO was also decreased in the presence

. -of liver microsomes, a process which was slightly enhanced by

PB and MC and, miore efficiently, by AR. All 3 inducers stimulated
the metabolic deactivation of ICR 181, with the following rank of
efficiency: AR > MC > PB. _

Of the 3 procarcinogens tested, BP and AFB1 could not be
activated by liver microsomes from untreated rats. Activation to
mutagenic metabolites required induction with AR (both BP and
AFB1), MC (BF only), or PB (AFB1 only). 2AF showed inducibility
patterns similar to those of AFB1, but an evident activation was
also afforded by microsomes from untreated and MC-treated
rats. ‘

DISCUSSION

Al the metabolic systems tested led to reduction of the mu-
tagericity of sodium dichromate in the Ames test. As aiso
confirmed in this study with calcium chromate and chromium
trioxide. a similar trend 1s shared by a number of chromium{Vi)
compounds {2, 6, 7, 25, 26), and therefore, it appears to be a
common property attributable to the hexavalent ionic species of
this element. The observed efficiency of liver, kidney, ang lung
preparations is alsc consistent with the already reported rank of
ability of S-2 fractions from rat tissues in lowering chromium(Vi)
mutagenicity, ie., liver > adrenais > kidney > testis > stomach
> lung, preparations from striated muscie, spleen, btadder, and
colon being inactive (7, 25, 26). :

The 2 studies reported in this paper agreed in demonstrating
that the i.t. treatment of rats with high doses of dichromate (0.25
mgfkg) 5 times per week for 4 weeks, is capable of specifically
enhancing the efficiency of lung preparations in decreasing the

mutagenicity of the sarme compound. In contrast, such treatment
did not modify the reducing ability of liver S-12 fractions, presum-
ably because, during transfer from the respiratory tract to other
tissues, chromium{Vi) is accumulated and reduced in erythro-
cytes (11, 23). Interestingly, the iocal stimufation that we have
observed in vivo is in agreement with the reported increased
tolerance of human cutiured cells to potassium dichromate,
iollowing repeated in vitro exposures to the same saft (29).
Administration of 3 enzyme inducers, i.e., PB, MC, end AR,

resulted in the expected changes (1, 4) in the concentrations and

spectral properties of cytochromes P-450 in hepatic and pulmo-
nary microsomes. Additionally, liver and lung S-12 fractions, as
well as liver microsomal fractions, were found to selectively
induce the metabolic activation or deactivation of known muta-
gens in the S. typhimurium test system. AR was the only one of
these inducers which succeeded in stimulating reduction of
chromium in the iung, akhough less effectively than in the liver.
Chromium metabolism in hepatic microsomes was also induced
by PB, which is in agreement with the conclusions of a study on
the reduction of chromium(Vl) by rat liver microsomal prepara-
tions (10). Our biochemical findings (8) provide evidence that an
important role in chromium{Vi intraceliviar reduction is piayed

_ by not onty microsomal but also cytosolic components, including

electron donors (e.g., GSH) and chiefly inducible enzyme activi-
ties. In particular, several lines of evidence support the view that
DT-diaphorase, acting via a 2-electron transfer from reduced
pyridine nucieotides (NADPH and NADH), may represent a key
mechanism in the intracelular reduction of chromium{Vl).

The interpretation.of the results obtained in the present study
and their possible relevance to the in vive situation esetve some
comments. Qutside target celis, reduction of chromium{Vl) is -
undoubtedly & beneficia! mechanism, because chromium{lil) is
not capable of permeating mammalian celi membranes (17, 19)
and is recognized 1o be inactive in celiviar test systems (13, 14,
19, 26) and to be devoid of carcinogenic activity (13). On this
groungd, penetration of chromium(VI) entering the blood stream
into erythrocytes and its subsequent reduction in these celis (11,
23) are consister! with the known lack of carcinogenicity of
chromium at a distance from imptant sites (13). Moreover, the
daily reducing capacity of severa! mg of chromium{Vl) by human
saliva ang gastric juice (26} 1s expected to constilute 2 very
efficiert bamrier against the oral toxicity anc carcinogenicity of
this element.
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It has been speculated thatl. after penetrat-3 the cels as
chromium(Vl), a reduced form of it, such as chreomiV: (13 or
chromum(ill) (17, 19}, micht interact with DNA. 11 2ny case.
irrespective of the form of chromium bound o DA, the site of
reduction inside the cell should represent a hmiung facter for its
avalabity 1o the genetic target (19). In particu’ar. recuction in
the cytoplasm (which can be mimicked i vitro Ty using various
subceilu'ar preparations e.g.. 5-9 and S-12, cr’solif ar"* .

enon, due to trapping of the reduced species susice ’he ceu
rnuckeus. it is well known, for instance. that chrom um(ili) oinds
zvdly a variety of cellutar components (27). Sucn terpretation
15 consistent with the evidence that the abdlity cf sutcelluar
fractions from various tissues in reducing chromumi(Vi) is in-
varsely related to the susceptibility of the same tissu2s as targets
¢* cnromiim carcinogenicity. For instance, S-9 fractons from rat
stmated muscle. where experimentaliy injected chromium{Vl) is

carzinagenic (13), have no deiectable reducing 22i.ly (23).

An intermediaie situation can be postuiated fo- the lung. which
i1 humans 1s the oniy accepted targe! of chrom Jum carginogen-
icity (13. 14), yet with a broad vanab.ity of enicemological and
expenmental data. which might reflect a vanakb ity in exposure
levels as related o pulmonary defense mechar.sms. In this
respec:. of particular interest are the resulits of an i.t. carcino-
genciiy assay with sodium dichromate,® which was carmied out
in the same taboratory where the rats used in the present study
were treated. Excepting for duration of treatments (30 months
mstead of 4 weeks), the treatment technique anc schedule were
identicai in the 2 studies, and the same rat strain was used. in
the carcinogenicity assay, tumor induction was only observed in
the lungs, and dichromate was weakly carcinocernic only when
administered once per week at 1.25 mg/kg. On the other hand,
no cancer was induced in rats treated with the same frequency
but at lower doses (0.25 or 0.05 mg/kg), nor in rats treated 5
times per week with eguivalent total weekly doses (i.e., 0.25,
0.05. and 0.01 mg/kg).

These pattems suggest that fracnonated instiations of ¢fr
mium( V1), even close to the maximum tolerated dose for a lifetime
carcinogenicity study. can be detoxified more readily than a
single massive dose, which may exceed lung de'ense mecha-
nisms. The specific enhancement of chromiumiVi}requcing abil-
ity. observed in the present study using lung preparations from
rats receiving 0.25 mg of dichromate per kg i.t. 5 times per week
{But not in rats receiving 1.25 mg per kg once per v.eek). is likely
to represent a further defense mechanism agzst repeated
exposures to chromium(VI) by the respiratory roJte. It may have
also contributed to prevent carcinogenic effects in rats treated 5
times per week.

Therefore, also in the lung. the capability of chromium to
interact with DNA and, presumably, to imitiate canzer seems (0
aspenc on a guantitative balance between chromum(Vl) entering
the ce!! and its cytoplasmic reducing capacity. Lncer the exper-
imental conditions of this paper and of its biocremical counter-
par {9), it can be caicuiated that the post-mitocniondrial compo-
rents of the lungs of 2 rat would be capable, on the whole. of
reducing hundreds of kg of chromium(Vl}in 1~ One should be
very cautious in relating these figures. inferred ~om the in viro
efiiccency of subcellular preparations, to the = v.vo stuation.

- However_ it may be more than a conciderce trat. i the caran-
ogemcity study.® induction of tumors was observed only in a

CANTER RESCARCH
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sma!l proportion of rats receiving i.t. doses of 250 to 500 kg of

Schremate (e, the singfe weekly adminstrations of 1.25 mg/,

=gJ and that no induction was observed in those receiving doses
of 30 to 120 ug (ie., the daily administrations of 0.25 mg/ka).
Noig that, as demonstrated in experiments with radiolabeled
socum dicnromate, the i.t. admimstration of sofutions of this saft
res.tts in a uniiorm distribution tnroughout the whole lung (28).
Severa! factors (some of wnich were identified in this study)
ca~ &fect the magnitude of the ohserved detoxification proc-
esses. which renders Guestionable any attempt of extrapolating
guzniitative gzta to humans. Nevertheiess, alsq considenng that
the capability of human lung S-9 fractions (from both cancer and
ncmcancer patients) in reducing the mutagenicity of chromium(Vi)
is simitar to the one observed with rat preparations (8), there
seems to be sufficient evidence o support the conclusion that
wrashold prenomena. regulated by specific and inducible met-
abolic factors gperating in puimcnary cells, are invoived in the
niz.ation of lung cancer by chromium. Additionally. the preliminary
“ngings of a study tnat we have now .in progress show that
furzher inducibie defense mechanisms against inhaled chromium
are highly eliicient in gulmonary alveolar macrophages.
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Diamond Shamrock
Chemicals Company Technical Center

October 29, 1985

Dr. Emil M. Mrak -
‘Chancellor Emeritus ' ,
Univer=ity House

University of California

Davis, Californiz 95616 (£0004)

Dear Dr. Mrak:
I am writing on two counts:

1. To ery "foul" with regards to the scheduling of the September 26,
1985 Scientific Review Panel Meeting to discuss the ARB report on
Chromium prior to our having received the revised document.

2. To point out that the Petrilli/DeFlora articles published in the .
Jjournal Cancer Research should not have -been considered a "bomb-
shell™ since I alerted you to their publication in my August 9,
1985 communication to you. As you may recsall, you promised to
forward my letter and attachments to ARB/DHS. '

As to the first point, our group did not receive copies of SRP Public
Meeting Notice or the Chromium draft report until the day of the
‘meeting. In addition, a copy of the draft that I requested through
ARB on September 18 did not arrive until October 4. I should also
‘mention that in my telephone conversation with ARB personnel on

the 18th, no mention was made of the September 26 SRP meeting.

I the way of further comment, I_wouid like address specific responses
as contained in Part C of the Draft Report that DHS made in reference
to public comments it received on the Chromium Health Evaluation

Document.

1) Comment V discusses the idea that the unit risk estimated
from the Mancuso study is too high due to the omission of the
_exposure experience of highly exposed plant maintenance
workers. DHS in its response applied its own estimates of
maintenance worker exposure to recaleculate the risk.

Dismond Shamrock Chemicalis Company A Subsigiary of Diamond Shamrock
F.O Box 1351, Painesville, Ohio 43077 Phone; 21€ 357-3800



Pr. Emil M. Mrak '

University of California
October 24, 1985
Page 2 .

1) {Cecntinued)

I would suggest that Allied, who made the original comments, would
have a better feel for what a reasonable exposure level for
paintenance workers employed in the chromate industry would be -
since they, like Diamond Shamrock Chemicals Company, were a
producer of chromium chemicals at that time. Regardless, if DHS
acknowledges the likelihood of a 3.5 fold underestimatien of vnit
risk from the Mancusc data based on its own estimates of exposure,
I believe that the unit risk should be adjusted accordingly. I
would also point out that Allied's estimate of maintenance worker
exposure levels indicated an exposure at 5-10 times that of the
operators. The 3.5 fold DHS estimate utilized the low =ide of
that exposure estimate; thus an additional correction is still
appropriate to allow for underestimation of exposure.

2) Comment VII addressed the fact that several organizations
submitting comments (Diamond Shamrock Chemicals Company among
them) felt that data from a recent animal study and metabolism
and/or detoxificztion studies along with the existence of
published TLV's were supportive of a carcinogenic threshold for ‘
Cr(VI). The staff of DHS agreed that cne interpretation of this ’
information is consistent with the concept of a carcinogenic
threshold. However, DHS, in its response, does not present other
interpretations even though it implies there are. It also
cuncludes that the information is not conclusitve proof that a
threshold exists.

In light of the recent work by Petrilli and DeFlora I feel that
a case for a Cr(VI) carcinogenic threshold is stronger than
ever. Conclusive proof in support of a carcinogenic threshold
is unlikely, if not impossible, in that we are testing a .
hypothesis by demonstrating that a response {cancer) does not
occur. Likewise, there is no conclusive proof to correlate
exposure to hexavalent chromium at current ambient air levels
with an increased cancer incidence rate either in man or
animals.

Finally, to put things into a proper perspective the U.S. EPA, Office
of Air and Radiation, Office of Poliey, Planning and Evaluation in
their July 1984 report "The Magnitude and Kature of the Air Toxics
Problem in the United States" states that in 1983 there were 440,000
estimated cancer deaths (1900/millicn} based on 850,000 estimated
incidences (3700/million).




Pr. Emil M. Mrek
University of California
October 24, 1985

Page 3

Of these, 154,000 (670/million) were atiributed to-diet; 132,000
(570/million) to smoking; and 8,800 (38/million) to envirommental
pollution (about 2% of the total estimated cases). In addition, the
report indicated that 3,000 to 14,000 cancer cases (13-61 incidences
per million) were attributable to "passive smoking"; i.e. being around
smokers. Contrasting these figures, the EPA report also estimated the
cancer incidence rate for ambient level chromium based on three
different studies to be 0.11, 0.29, and 1.05 incidences per million
respectively. ' '

It is questionzble in my mind whether or not further regulation of
chromium is justified. If, due to further restrictive regulation, the
use of chromium in various application areas is displaced by inferior
chromium substitutes, I could see the potential for loss of life
associated with this action as being greater than the estimated
incidence rate associated with that of cancer. For example, if the
lead chromate pigment used in traffic paint and known for its
brilliance, stability and hiding power were displaced with an inferior
pigment, one could reasonably speculate that the loss of life due to
increased highway traffic fatalities associated with this one change
might equal the 3 to 25 cases of cancer per year which the EPA would .
estimate occur as a result of chromium exposure in the State of
California. Similar arguments can be made for the other end use areas
of chromium; i.e. production of alloys, use in refractories, metal
finishing, wood treating, leather tanning, corrosion control, ete.

As always, thank yov for the opportunity to express my personal views
as well as the views of Diamond Shgmrock Chemicals Company.

751neerely,'

,
Russell J. Morgan

Researeh & Development
Chromium Chemicals

kjv

CC: HMessrs. Cliff Pogejoy-& William V. Loscutoff
_ Alr Fesources Board
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AIR RESOURCES BOARD "

1102 Q STREET

>0, BOX 2815

:\r(" NTO, CA 95832

-

November 14, 1985

. Russell J. Morgan
Diamondé-shanrock Chemicals Co.
.0, 2ox 1981

reinesville, OH 44077

Dear Mr. Morgan:

Your October 29 Let*er to br. Mrak

Tagnk you for providing me with & copy of your comments
e revised health effects document on chromium. I have
fcrwargec your letter to the Department of Eealth Services.

neccrdvng your receipt of the SR? Fu blice F eeting
< . Hotice, we will send future notices regarding chrom ium to you
”(_j ¢irectly, RP Public hee*lng Notices were sext on
&

®.  September 16, 1985 to Ms...Jill §. 2arson 0f Dizmsné~-Shamrock
Corporation in Pasadenz, Texas, an€ to.Dr..J.3. wWorthington of
.Diamond Shenrock Corporatlon in pallzs, Texas. MKs. Barson ang
Dr. Worthington will remain on our mailing list.

Your concern about regulation of chromiuw is
understandasle. Plezse recognize, however, thaz:t the
igentification of a substance &s a toxic air ccntaminant is no+
in itself & restriction on the use of tha* su>bstznce. If a

substance is identified by the Air Resources 3oard as a toxic air
contaminant, & report on the need and appropr*a*e degree of
réculaticn for that substance will be prerzred by “he ARE staff,
with the participation of Air Pollution Control (or Management)
D*s ricts andé in consultation with affected sources and the
interestc pudlic., The issues which *“he reculztory neecs repor:

. shell adéress are described in Section 39685 of the California
k¥ealth and Szfety Cocde. I have enclosed a copy cf the Chapter of
the Coce wnich incluces that section. The issue of substitution
of other materials for chromium, and any resuiting potential
impacts, will be addressed in the needs reporz, zs described in

Section 296&5:
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