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FOREWORD 

Section 304 (a}(l) of the Cl ean Water Act of 1977 (P.L. 95-217 ), 
requires the Administrator of the Environmental Protection Agency to 
pub l ish criteria for water· qual ity accurately refl ecting the l atest 
scientific knowl edge on the kind and extent of al l ident'ifiabl e  effects 
on hea l th and welfare which may be expected from the presence of 
po l l utants in any body of water , incl uding ground water. Prc:>posed water 
qua 1i ty criteria for the 65 toxic po 11 utants 1 i sted uncler section 307 
(a)(l) of the Cl ean Water Act were developed and a niotice of their 
avail abil ity was publ ished for publ ic c00111ent on March 15, 1979 (44 FR 
15926 ), Ju ly 25, 1979 (44 FR 43660 ), and October 1, 1979 (44 FR 56628 ). 
This document is a revisic1n of those proposed criteria based upon a 
consideration of comnents received from other Federal "gencies, State 
agencies, special interest groups, and individua l  sc·ientists. The 
criteria contained in this document rep l ace any previous l y  published EPA 
criteria for the 65 pol l utants . This critedon doc:ument is al so 
published in satisifaction of paragraph 11 of the Settl 1ement Agreement 
in Natural Resourc

,
es Defen

1
se Council { et. al . vs . Tra1in, 8 ERC 2120 

(o. o. c. 1976), mod1fied, 12. ERC 1833 o.o.c. 1979). . 

The term "water qual ity criteria" is used in. two :;ections of the 
Clean Water Act, section 304 (a ) (l ) and section 303 {c}(2) . The term has 
a different program imp act in each section . In sectio111 304, the term 
represents a non-regul atory, scientific assess!11'lnt of ecc>l ogical ef
fects . The criteria presented in this publ ication are ·such scientific 
assessments. Such water qual ity criteria associated with specific 
stream uses when adopted as State water qua l ity standards under section 
303 become enforceabl e  mal<imum acceptab l e  l evel s of a pol l utant in 
ambient waters . The water qual ity criteria adopted in the· State water 
qua l ity standards cou l d  ha'tre the same numerical  l imits as the criteria 
devel oped under section 304. However, in many situations States may want 
to adjust water qua lity criteria devel oped under sectior11 304 to refl ect 
l ocal environmental  conditions and human exposure patterns before 
incorporation into water qua l ity standards . It is n1ot until their 
adoption as p art of the Sta.te water qual ity standards that the criteria 
become regu l atory . 

Guidelines to assist the States in the modificat·ion of criteria 
presented in this docume1nt, in the devel opment of welter qua l ity 
standards, and in other wat,er-rel ated programs of this Ai1ency, are being 
devel oped by EPA . 

STEVEN SCHATZOW 
Deputy Assistant Administrator 
Office of Water Re�1ulations and Standards 
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Human,ffealth 

For the maximum prt:>tection of· human health fr.om the potential 

carcinogenic effects du1e ·to exposure of polychlorinated biphenyls 

through ingestion of c1::>ntaminated water and ciontaminated aquatic 

organisms, the ambient �ater concentration should be zero based on 

the non-threshold assunnption for this chemical. Rowever, zero 

level may not be attainable at the present tinie. Therefore, the 

levels which may result in incremental increase.of cancer risk over 

the lifetime are estimated at io-5, io-6, and io-7• The corre

sponding recommended criteria are 0 . 79 ng/l, O.�l79 ng/l, and 0. 0079 

ng/l, respectively. If the above estimates arie ntade for consump

tion of aquatic organis:ms only, exludin9 consunnt;>tion of water, the 

levels are 0 . 79 ng/l, 0. 079 ng/l, and 0. 0079 ng'/l, respectively. 
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CRITERIA 

CRITE�IA DOCUMENT 

POLYCRLORINATED BIPHENYLS 

Aquatic Life 

�or polychlorinated biohenyls the criterion to protect fresh

water aquatic life as derived using the Guidelines is 0. 014 µg/l as 

a 24-hour average. The concentration of 0. 014 µg/l is ��obably too 

high because it is based on bioconcentration factors measured in 

laboratory studies, but field studies apparently produce factors at 

least ten times higher for fishes. The available data indicate 

that acute toxicity to freshwater aquatic life probably will only 

occur at concentrations above 2. 0 µg/l and that the 24-hour average 

should provide adequate protection against acute toxicity. 

For polychlorinated biphenyls the criterion to protect salt

water aquatic life as derived using the Guidelines is 0. 030 µq/1 as 

a 24-hour average. The concentration of 0. 030 µg/l is probably too 

high because it is based on bioconcentration factors measured in 

laboratory studies, but field studies apparently produce factors at 

least ten times higher for fishes. The available data indicate 

that acute toxicity to saltwater aquatic life probably will only 

occur at concentrations above 10 µ9/l and that the 24-hour average 

er i ter ion should provide adequate protection against acute tox-

icity. 

vi 
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INTRODUCTION 

Polychlor ina ted b i phenyls ( PCBs ) are the chlo r inated der iva

t ives of a class of aromat ic organ ic compounds cal led b iphenyls  and 

are manu f actured by t he d i r ec t  chlor inat ion of the b iphenyl r i ng 

sys tem . The commer c i a l  produc ts are complex :m i1cture s  o f  c hlorob i

phenyls and are mar keted fo.r var ious use s  accc>r d ing to the percent

age of c h lor ine in the m ixtur e .  Current ly there i s  no product ion 

of PCBs in the Uni ted S tates but the sole producer  of PCBs in the 

Un i ted S tates prev iou:sly .marketed four m ix ture s  con t a i n i ng 2 1  pe r 

cent , 41 percen t , 4 2  percent , and 5 4  percent chlor ine for use only 

in closed e lectr ical systems under the r eg i:stered trademark Aro

clor . Pr ior to 1971, ,mixtures con ta i n i ng up 1:0 68 percent chlor ine 

were u sed in a number of other appl icat ion s , i ncludi ng p la s t i c i z

ers , hea t  trans fer f l11.1 id s , hydraulic f lu id s , fluids i n  vacuum pumps 

and compressors, lubricants, and wax extender s .  

In 1974 approx im.ately 65 to 7 0  percent c>f domestic  sales were 

to manufacturer s  of capac i tors and the r emainder  to manufactur e r s  
' 

o f  tran sformers wh i le approx ima tely 4 5 0 , 000: po·unds of PCBs were 

imported pr imari ly f<)r use in non-c losed system s .  Product ion i n  

t h e  Uni ted S tates ap,>.eared t o  be one-half of . the world total . 

As a result of the long l i fe of many products conta i n i ng PCBs, 
' 

i t  i s  bel i eved that a substant ial por t ion o f  the PCBs manufactured 

be fore 1971 are s t i ll in service and thus r epr e sent potent ial pol

l u t ion through pos s i ble future d ischarge into the env i ronment . 

Dur ing the per iod 1 9 7 2  to 19 7 4 , domest ic product i on of PCBs 

ave r ag ed approx imately 40 m ill ion pounds pe r year with 33 m i llion 
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pounds representing the annual domestic marketed consumption during 

that period. 

Although the environmental behavior and biological activity of � 

a number of individual chlorobiphenyl isomers have been studied in 

recent years, it is still difficult to evaluate the potential tox

icity of the complex m ixtures actually found in the environmen·t 

since their composition often changes. In making this evaluation 

it is necessary to weigh carefully the results of studies of indi

vidual compounds, and to compare critically the environmental and 

toxicological properties of the commercial mixtures. 

A further complication is that several commercial PCB mixtures 

have been reported to contain small quantities of highly toxic con

taminants, polychlor inated dibenzofurans (PCDFs) • Certain of the! 

toxic effects observed in animals and humans exposed to PCBs appear 

to be attributable to PCDFs, while others appear to be caused b�; 

PCBs themselves. There is also some evidence that small quantities 

of PCDFs may be formed from PCBs while in service or as � result of 

metabolic changes in certain organisms
·
. 

PCBs consist of a mixture of chlorinated biphenyls which con

tain a varying number of substituted chlorine atoms on the aromatic 

rings. The biphenyl molecule has a total of ten sites where chlo

rine subs ti tut ion can be accommodated as shown in the following 

structure: 
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The potential positic;ms for chlorine substitution are numbered 

according to the Am1er ican Chemical Society standard notation. 

Chlorinated biphenyls ·having the same number .
'of chlorine atoms per 

. molecule are referred! to as a specific class of chlorobiphenyls, 

with a suitable nume:c ical pref ix to define .the number of substi

tuted chlorines. Henc:e, there are classes vai�ying from monochloro

biphenyls to decachlc:>robiphenyls. All comp1:>unds within the same 
' 

class have the same ni1olecular weight and are structural isomers of 

each other. They differ only in terms of the location of the chlo-

r ine atoms in the biphenyl ring. The ten classes of chlorobi-

phenyls, comprising 209 possible isomers, are summarized in 

Table .L. 

Chlorobiphenyls with five or more chlorinEt atoms are referred 

to as "higher chlorobiphenyls. " This distinc:tion is made in recog

nition of the fact that the former group of compounds is much m��e 

persistent in the en.vironment than the latter group. The tetra

chlorobiphenyls are intermediate in persistence. 

The physical pi::operties of individual chlorinated biphenyls 

are known (Cook, 19'72). The physical pro1>erties of the Aroclor 

mixtures are summarjLzed in Table 2. Lowei:: c:hlorinated Aroclors 

(1221, .L232, 1016, l24i, and 1248) are coloi::'.less mobile oils. In-

creasing chlorine con.tent results in mixtureis taking on the consis

tency of viscous liquids (Aroclor 1254) or sticky resins (Aroclors 
I 

J.260 and 1262). Aroiclors 1268 and 1270 are i:>f white powders. With 

the exception of Arc:>clors 1221 and 1268, Ai::oclors do not crystal

lize upon heating or cooling but at a specific temperature, defined 

as a "pour point," c:hange into a resinous state. 
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TABLE l 

Empirical Formulation, Molecular. Weights, 
and Chlorine Percentage in PCBsa 

Empirical Formula Molecu19r Percent 
Chlorobiphenyls Weight Chlorineb 

C12810 154 0 

c12a9Cl 188 .1.8. 6 

C12BaCl2 222 31. 5 

C12H7Cl3 256 41. 0 

C12H6Cl4 290 48. 3 

C12H5Cl5 324 54. 0 

C12H4Cl6 358 58. 7 

C12H3Cl7 392 62. 5  

C12H2Cl8 426 65. 7 

C12H1Cl9 460 68. S 

C12Cl10 490 79. 9  

asource: Hutzinger, et al. 1974 
bBased on Cl 
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Isomers 

l 

3 

12 

24 

42 

46 

42 

�4 

12 

3 
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Property 

Chlorine, percent 

Specific Gcavity 

Digtillation Range 
c Corrected 

Vapoc Pressure 
(mm/HS) 

Evapobation loss (%) 
J.00 C 6 he. 

USTA D-6 Mod. . -
0 - ·  

J.60 c, 5 hr. 

Pour Point0c 
(WTM E97) F 

water sg1ubility 
at 25 C (µg/l) 

TABLE 2 

Physical Properties of Commercial PCBs (Aroclors)* 

1221 

20.5-21. 5 

L ltl2-J..192 

(25°/l5.5°C) 

275-J20 

l.0-1.5 

-----

J. (Crystal) 
34 (Crystal) 

200 

1232 

31.4-32. 5 

1. 270-l. :l80 

(25°/15.5°C) 

290-325 

1.0-1.5 

- ------

-35.5 
-32 

1016 1242 

41 42 

1. 362-J.. J72 l.39.1.-LJ92 
t25°/15.5°C) (2!>0/15.5°C) 

323-350 325-J66 

4.06x.1.0 -4 

0-0.4 

J.0-3.b 

-19 
2 

225-250 240 

�.. '" 

124ti 

48 

l. 40�-J.. 4.1.:> 

(ti!>o I J.5. !loC) 

340-J7 � 

4.�4x.1.0 
-4 

0-0.3 

3.0-4.0 

-7 
J.9.4 

!>4 



, 

TABLE 2 (cont.) 

Physical Properties of Commercial PCBs (Aroclors)* 

Property 1254 1260 1262 1268 J.270 

Chlorine, percent 54 60 61.5-62.5 68 1 J. 

Specific Gravity 1.495-1.555 l. 555-l. 566 1.572-l.583 l. 604-1. 611 l.�44-L�60 
(65°/l5.5°C) (90°/15.5°C) (90°/15.5°C) (25°/25°C) \2!>0/25°C) 

Digtillation Range 
C Corrected 

365-390 385-420 390-425 435-450 450-4t>O 

> Vapor Pressure 7.7lxJ.0-5 4.05xl0-5 
I (mm/HS) 0\ 

Evapo&ation loss (\) 
100 c 6 hr. 

0-0.:l 0-0.J. 0-0.J. 0-0.6 

USTA B:6 Mod. 
.160 Ct 5 hr. 

l.i-.1..3 0.5-0.8 0.5-0.2 0.1-0.� 

Pour Point0c 10 31 35-38 
(WTM E97) F 50 88 99 

. Water sglubility 
at 25 Ctµ9/l) 

12 2.7 

*Source: Versar, Inc., 1976 
eutzinger, et al. 1974 
Mieure, et al. J.976 
'l'ucker, et al. 1975 
Mackay and Wolkoff, 1973 

,, ,, 
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It is known from the studies of pesticides that soi:. moisture 

and evaporation of w.ater have a strong influe1ice on the rate of 

chlorinated hydrocarbon volatilization from soils and sand. Haque, 

et al. (1974) demonst.rated that the periodic e•11aporation of water 

from Ottawa sand enhalnced the total volatili:�ation of Aroclor 1 2 5 4  

but reduced the degree of differentiation in the volatility of the 

higher chlorinated bl.phenyls ( 7 , 6, and 5 chlorine aroms) from the 

tetrachlorobiphenyls... However, when Aroclor 1254 was heated in 

water at l00°c the toital volatilization of this Aroclor was reduced 

compared to equivalen.t dry isothermal conditionis, but the differen

tiation in volatility between the higher .and lower chlorinated 

biphenyls was increaiaed (Bowes, et al. 1975) • 

Mackay and Wolkoff (1973) calculated theoretical evaporation 

rates for various Aroclors from water and, predicted very rapid 

volatilization rates. Under laboratory conditions, PCBs appear �o 

volatilize fairly rapidly from water in aq:uaria (Uhlken, et al. 

1973)  and even from flasks plugged with glas:s wool (Oloffs, et al. 

1 972) . Under the same conditions, volatilization was markedly 

reduced in the presence of sediments (Oloffs1, et al. 1973 ) . Renee 

in natural waters, )Lt would seem likely thi!lt absorption to sedi

ments would limit the rate of volatilization. 

Solubilities of the individual chlorinated biphenyls in water 

h ave been studied by several workers and an inverse correlation 

between solubility and degree of chlorinat:ion has been reported 

(Wollnofer, et al. ,1973: Haque and Schmedcling, 197 5: Metcalf, et 

al. 1975). The problem in obtaining true siollltion equilibria data 

for PCBs in water hals been explained by Schc�or ( 19 7 5 )  who has given 
i 
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evidence that solutions of PCBs in water are in fact stable emul

sions of PCB aggregates and that the true solubility of Aroclor 

1254 is less than 0. 1 µg/l in fresh water and 0.04 µg/l in marine 

water. 

Chlorobiphenyls are freely soluble in relatively nonpolar 

organic solvents (Hutzinger, et al. 1974) and lipids in biological 

systems (Metcalf, et al. 1975). Metcalf, et al. have reported 

octanol/water partition coefficients in the range of 10, 000 to 

20, 000 for representative tri-, tetra-, and pentachlorobiphenyls. 

Partition coefficients with this biphasic solvent system have been 

found to correlate well with ecological magnification factors in 

aquatic organisms (Metcalf, et. al. 1975). 

PCBs are strongly adsorbed on solid surfaces, including glass 

and . metal surfaces in laboratory apparatus (Schoor, 1975) and 

soils, sediments, and particulates in the environment ( Haque, et 

al. 1974; Oloffs, et al. 1973; Crump-Wiesner, et al. 1974; Dennis, 

1976; Munson, et al. 1976; Pfister, et al. 1969). 

In aquatic environments, PCBs are associated with sediments 

and are usu�lly found at much higher concentrations i.n sediments 

than in water in contact with them ( Young, et al. 1976; Crump

Weisner, et al. 1974; Dennis, 1976). As with other chlorinated 

hydrocarbons, PCBs . are probably associated particularly strongly 

with micro-particulates of 0. 15 µm diameter or less (Pfister, et 

al. 1969). 

PCBs are commercially produced by the chlorination of the 

biphenyl ring with anhydrous chlorine in the presence of iron fil-

ings or ferric chloride as the catalyst. The crude product is 
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purified to remove the
.

c9lor and traces of the by-t:)rocuct liydrogen 

chloride, and the catalyst by treatment with alkali and subsequent 

distillation. The purified product is a complex mixture of the 

chlorobiphenyls, the precise composition depending on the condi

tions under which the chlorination occurred. 

It has been reportE�d that foreign PCB mixt1'1res are similar in 

composition to one of the 10 Aroclor products previously rnanufac-

tured in the u.s. G21s liquid chromatograms of �henoclor OP6 

(France), Clopen A60 (Germany), and ·Aroclor 12�50 (U.�.), all mix

tures containing 60 perc:ent chlorine, show th�t these mixtures are 

virtually identical (Tas and de Vos, 1971). J,ensen and Sundstron 

(1974) have shown that C!lophen A60 and ASO (Gernaany) are very simi

lar in isomer compositi<)n to Aroclors 1260 and 1254 (U.S.), respec

tively. Table 3 lists the distribution of the various classes of 

chlorobiphenyls in seven major Aroclor mixtu:�es as re1;>0rted by. 
:,' 

Mieure, et al. (1976), Webb and McCall (1973) ,, and fiirwe, · et al. 

(1974). The small difjEerences in analytical r.esults reported for 

Aroclors 1242 and 1254 nl\ay reflect either diffe1:ences in analytical 

methods or variations in sample constitution. 

Certain substi tutJLon patterns are believ«td to influence the 

biological activities of chlorobit;>henyls. 't'he l;)resence of two 

. adjacent carbon atoms without chlorine substi t1Jtion in one or both 

rings is believed to facilitate metabolism bec:ause it oermi ts the 

formation of arene oxide intermediates (Safe, et al. 1975). Essen

tially all chlorobiphenyls with five or fewer.chlorine atoms have 

at least one pair of ad1acent unsubstituted cai::'bon atoms because of 

the rarity of 3,5-substitution in the natural mixtures. 
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TABLE 3 

Approximate Molecular Composition of Aroclors (%) 

Chlorobiphenyl 1221 1232 1016 1242 1248 1254 1260 

1 2 2 1 1 2 3 2 1 2 3 2 

C121110 11 7 6 'J'r Tr - - - Tr 

c12n9Cl 51 51 26 1 1 1 Tr - Tr 

C12H3Cl2 32 38 29 20 16 17 4 1 0.5 

C12H7Cl3 4 3 24 57 49 40 39 23 1 - 0.5 
)ii 

C12H5Cl4 2 - 15 21 25 32 42 50 21 16 36 I 
.... 
0 

C12H5Cl5 0.5 - 0.5 1 8 10 14 20 48 60 45 12 

C12H4Cl6 
- - - 'J'r 1 0.5 - 1 23 23 18 46 

C12H3Cl7 
- - - - Tr - - - 6 1 1 36 

C1282Cl9 - - - - - - - - - - - 6 

C1281Cl9 

C12Cl10 
- - - - - - -

Tr - Trace ( < 0 .1 percent) 
Source: 1Mieure, et al. 1976 

2webb and McCall, 1973 
3ttirwe, et al. 1974 

"' ,,f; ,{. " 
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Jensen and Sundstrom (197 4 > presented ev iclence that chlorooi

phenyls with three or four chlorine atoms in t.he ortho- positions 

(2- and o- positions) are more easily metabolizea by humans than 

those with only one or two ortho-chlorines. Compounds with three 

or four ortho- substituted chlorines are vir_tua.lly absent from Aro

clors .1.016 and 1242 but are fairly well represented in Aroclors 

1254 and ..1.260 (Clopens A50 and AoO, respectively). 

McKinney (1976) hats suggested that chlorobiphenyl isomers witn 

chlorine substitution in both the 4- and 4' positions tend to be 

biologically active and well retained in tissues. The number and 

proportion of these· is•:>mers increase with increaJsing chlorination. 

McKinney, et al. (1976) have shown an assc1ciation between bio

logical activity anci substitutions in the 3,4-· or 3,4,S- positions 

on one or both rings. The first pattern is frE�quently found in PCB 

mixtures out the seco111p is found only as part o:f the 2, 3, 4, �-pat� 

tern which is found in only trace amounts in J::1CBs. 

Toxic materials other than chlorinated • biphenyls have been 

found in commercial PCB mixtures. Vos, et al. (1�70}, Bowes, et 

al. (1975), Roach and Pomerantz (1974), Nagayaina, et al. (1976), 

and Kuratsune, et al. (1976) have detected pol:fchlorinated dibenzo

furans (PCDFs) in a number of domestic and foiceign PCB mixtures at 

levels of 0. 8 to 33 mg/kg. While 119 structurally different PCDF 

isomers are possible, only two have been prncisely identifiea to 

date, the 2,3,7, 8-tetrachloro- and the 2, 3, 4�7, 8-pentachlorodi

benzof ur ans (Bowes, eit al. .1.97 5) • 
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Polychlorinated naphthalenes ( PCNs) have also been identified 

in small quantities in Clopen A60 and Phenochlor OP 6 . ( both corre

sponding to Aroclor 1260), Aroclor 1254, and KC-400 (corresponding 

to Aroclor 1248) (Vos, et al. 19701 Roach and Pomerantz, 1974: 

Bowes, et al. 1975). 

There appear to be no authenticated reports of polychlorinated 

dibenzo-p-dioxins (PCODs) in commercial PCBs ( Bowes, et al. 1975) . 

The presence of potentially toxic compounds other than polychlori

nated biphenyls in commercial PCB mixtures complicates both analyt

ical and toxicological evaluation of such mixtures. 

PCBs are considered to be inert to almost all of the typical 

chemical reactions. PCBs do not undergo oxidation, reduction, 

addition, elimination, or electrophilic substitution reactions 

except under extreme conditions. Chlorines can be replaced by 

reductive dechlorination with any metal hydride such as lithium 

aluminum hydride· but temperatures of 24S0c or greater are required 

to effect chlorine displacement. 

The reactions of environmental importance that PCBs appear to 

undergo include alkali- and photochemically�catalyzed nucleo

philic substitutions and photochemical free radical substitutions, 

all of which occur with alkali and water. 

Photolysis generally has been found to give one type of pro

duct under environmental conditions (Hutzinger, et al. 1972, 1974: 

Ruzo, et al. 1972, 1974: Ruzo and Zabik, 19751 Rerring, et al. 

1972). Chlorine is replaced by hydroxy groups in aqueous systems. 

A marked incr.ease in rate of PCB photolysis was observed when 

solvents were degassed prior to irradiation ( Ruzo, et al. 1974 ) . ..  
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oxygen is known to act as a free radical qu•encher by accepting 

energy from free radicals ",before any chemical chan9e can occur. 

This increase in rate therefore implies that a free radical process 

is occurring and in the environment these photoc:hemical transforma

tions will be erthanced under anaerobic conditions. 

The photochemical behavior of higher chl<)robiphenyls appears 

similar to that of the tetrachlorobiphenyls . (Hutzinger, et al. 

19721 Herring, et al. :L972). Irradiation of Aroclor 1254 in aque

ous solution gave rise to dechlorinated and hydroxylated products 

(Hutzinger, et al. 1972). Hexa- and octachloi�obiphenyls are more 

photochemically reactive than tetrachlorobiph4!nyls, so that under 

irradiation the higher components of Aroclor 1254 are selectively 

degraded (Hutzinger, e:t al. 19721 Herring, et al. 1972). 

The creation of free radicals by sunlight. allows the environ

mental replacement of ,chlorines by hydroxy qrc1ups from water with:-: 

out the intervention c'f alkali. When this ciccurs at the or tho-

position (found to be the most preferred foi; chlorine loss) the 

resulting 2-hydroxychlorobiphenyl is perfectl�r positioned to allow 

oxygen to bond to an <>rtho- position of the 01th1er ring. This re

sults in the creation of potentially the mos1t:. important class 0€ 

contaminant in commercial mixtures of PCBs, thca chlorodibenzofurans 

(CDFs) • 

Irradiation studies on either Aroclor 1254 or 2,5,2',5'-tetra-

chlorobiphenyl (Hutzinger, et al. 1972) in hydroxylic solvents have 

shown the formation of phenolic com'l';)ounds, c:arboxylic compounds, 

and polymers along wi·th dechlorination. Acti.vation of the phenyl 

rings by metals or metallic salts make thelt'l more susceptible to 
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hydroxylation. Thus, in the environment, eitper heat, light, or 
�� 

metals and metal salts in water could theoretically accelerate the 

transformation of PCBs to PCDFs. The ultraviolet component of sun- � 

light is sufficiently energetic to generate free radicals from both 

phenols and PCBs.· The energies requirea to break the Ar-Cl bond to 

form hydroxy-PCBs in a hydroxylic solvent and Aro-a bond to form 

CDFs correspond to wavelengths near 360 to. 320 ,nm, ·respectively. 

These wave lengths are clearly within the sunlight region. 

Irradiation experiments with five pure 2-chlorinated bi

phenyls as 5 mg/l aqueous suspensions, showed that traces of 

2-chlorodibenzofuran were detectable although· only the 2, 5-di

chloro- and the 2,5,2' , s•-tetrachlorobiphenyls •provided identifi

able amounts or approximately a 0.2 percent yield during a seven

day irradiation (Crosby, et al. 19731 Crosby and Moilanen, 1973). 

The environmental significance of this is fourfold: (l) ortho-

chlorobiphenyls can be hydroxylated by radiation similar to sun

light when they are suepended in aqueous media1 , l2) the product(s) 

are converted to CDFs1 · (3) rates of CDF formation by this process 

are approximately: the same as their rates of d�gradation, leading 

to an approximately steady concentration1 and <4> decomposition of 

2, 8-dichlorobenzofuran was found to De very slow in aqueous suspen

sion but dehalogenation did not take place to form the relatively 

photolytically stable 2-chlorodibenzofuran (Crosby ana Moilanen, 

1973). 

In addition to photochemical and metallic salt formations of 

PCDFs from PCBs, a third route of formation has been suggested. 

Kanechlor KC-400 (analogous to Aroclor 1248) having an intitial � 

A-14 



PCOF content of 20 mgf�g, was shown to undergo conversion as the 

heat transfer fluid in a heat exchanger to give PCBs with a PCDF 

content of 4,975 to ll,76!> mg/kg (Nagayma, et c!l. 1970; Kuratsune, 

et al. 1976). This material was identified as the agent which poi

soned a large number of Japanese in 1968. A ��eneral disadvantage 

of PCBs in many of their applications includin1� electrical capaci

tor and transformer uaes as well as heat transfer uses is their 

tendency to decompose u;nder the action of heat or electrical arcing 

to .Corm potentially mo1�e toxic products (Broadhurst, !972). 
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Aquatic Life Toxicology* 

I NTROOUCTI ON 

Most data for po l ych l or i n ated b i phenyl s ( PCBs ) : found i n  the l i terature 

are from stud i es concerned wi th t i ssue l evel s  i n  f·ish , ma1T111a l s, and b irds , 

w i thout corre l at i on w i th source or exposure concentrati ons . M any studies 

deal i ng w. i th var i ous  phys i o l ogi cal  parameters are al so avai l ab l e  but , agai n ,  

are such that they are of 1 i tt 1  e use here . Al so, IPCBs often do not appear 

to be very acute l y  toxic: to juven i l e  and adu l t  freshwater f i sh and i nverte

brate s peci es i n  static: tests due to l ow s o l ub i l ity, and th i s  can l ead to 

erroneous judgments as t:o the actua l tox i c i ty of the compounds . 

PCB s  occur as m i xtures of chem i ca l  i somers that differ i n  the �mount of 

ch l or i na t i on of the b i phenyl struc.ture; they h ave l?ee11 treated herei n  as a 

s i ngle ent i ty .  Po l ychlor i nated b i pheny l s  were mar1ufactured by the d irect 

ch l or i nation of b i  pheny l;  product i on i n  the Un i tecl States has now ceased . 

These m i xtures were i dcanti f i ed under the trade names Arocl or® and capac i 

to1'©, and so l d· o n  the b as i s  of percentage ch l or i nE! ( e . g ., 21 , 42 , 54 , and 

60 percent ) .  Because each component of the m i xtures d i ffers s l i gh t l y  i n  i ts 

phys i cal, chem ical, and b i o l og i ca l  properti es, and because a pos s i b l e  209 

d i fferent ch l orob i phenyl s may b e  produced, the eval uation of the potent i al 

impact of the vari ous mtxtures on the envi ronment i s  compl i cated . 

PCBs are h i gh l y  l ipoph i l i c and b ioconcentrate to h i gh concentrat i ons i n  

t issue from concentrati ons i n  water that are ·often be low the usual 

*The reader is  re. ferred to the Gu i de l i nes for Der i ving Water Qua 1 i ty Cr i 
ter i a  for the Protecti on o f  Aquat i c  L ife and Its Uses i n  order to better un
der stand the fol l ow i ng d i scus s i on and reconwnendat i on .  The fol l ow i ng tab l es 
contai n  the appropr i atE! data that were found i n  the l i terature, and at the 
bottom of each tab l e  a·re cal cu l ati ons for der i v i ng var i ous  measures of tox-
i c i ty as descri bed i n  the Gu i de l i nes . 
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detecti on l imi ts .  When an ev al uat i on of the impact of PCBs on the env i ron

ment i s  performed, i t  i s· necess ary to relate the data gathered i n  l aboratory 

experi ments w i th rel at i ve l y  pure mi xtures to what h appens to the mi xtures in 

n ature . There i s  ev i dence that percentages of ch l or i ne change wi th time and 

l ocat i on . as the mi xtures are transported through the envi ronment . For exam

p l e, the proport i on of major peaks of Arocl o'® 1254 i n  shr i mp and f i sh 

captured from Escamb i a  Bay, F l or i da, d i ffered from each other (N inrno , et al . 

1971 ) .  The major peaks i n  these orga� i sms and i n  organi sms from l aboratory 

studi es (Hansen, et alo 1971 ) al so d iffered from the standard used to cal cu

l ate the amounts of the chemica l i n  t i ssues . Res u l ts of env ironmenta l  mon i -. 
taring by But l er and Schul tzmann ( 1978 ) showed that PCBs i dentified i n  

f ishes, Pac i fi c  s taghorn scu l pin and Engl i sh so l e  from the Ouwam i sh Ri ver i n  

the state of Wash i ngton, dur i n g  the peri od of fal  1 1972 to spring 1976, 

changed from those resemb l i n g  Arocl o.® 1254 to those resemb l i ng Aroc l o� 
1 260 and, l ater, Aroc10.® 1242 . 

EFFECTS 

Acute Tox i c i ty 

The acute tox i c i ty data base for freshwater i nvertebrate species  con-

ta ins 12 va l ues for three spec i es . These va l ues were from both static  and 

f l ow-through tests; the fl ow-through tests showed an LC50 ra�ge from 10 

JJg/ 1 for scud, Gamarus fasci atus, to 400 "g/1 for the damsel fly, Ischnura 

verti ca l  is . 

S i x 96-hour LC50. val ues ( Tab l e  1 )  are ava i l ab l e  for four freshwater 

f i sh species; al l of these are from fl ow-through tests wi th measured concen

trat i ons . Newl y h atched ra i nbow trout were the most s ens i tive spec i es 

tested, w i th a 96-hour LC50 of 2 .0 ll9 / 1  for Capaci to.® 21 · ( 21 percent 

ch l or i n e ); l argemouth bass were almost equa l l y  sens i tive  w i th a 96-hour 
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LC50 of 2.3 llg/1 (B1rge , et al . 1979). The f athead minnow had a similar 
. tR'I LC50 of 7 .7 llg/ l  for Arocl oP. 1254 ( Nebeker , et al .; 1974).  Al l of the 

acute va l ues for f ish species are for new l y  hatched fi shes , refl ecti n g  the ir 

much greater sens i t i v i ty as compared to the other fi sh l i fe stages . 

The tox i c i ty of PCB s  ctppears to be s imi  1 ar for b<>th f i sh and i nverte

brate freshwater s peci es if test methods are cons i dered . The l owest spec i es 

mean acu te va l ue i s  2 . 0 llg/ l  for rai nbow trout ( Tab l e  3 ) .  

The LC50 or EC50 vct l ues for sa l twater i nvertebrate spec i es range 

from 1 0 . 2  to 60  11g/ 1 ( Tablle 1 ) .  The ava i lab l e  data s;how l i tt l e  di fference 

i n  the acute tox i c i ty of d i fferent Arocl or®. Thh l ow var iab i l i ty i n  

speci es sens i ti v i ty and sma l l d i fference i n  acute tox i c i ty of the Aro

c l or� tested cou l d  be real . However , i t  i s  l ike ly  that th i s  i s  a func

t i on of the sma l l  number of spe ci e s  tested and tha t  the sol ub i l i t i es of PCBs 

are l es s  than the i r  acute toxi c i t i es .  

Acute tox i c i ty tests 01f PCB mi xtures to sa l twater f i sh s peci es have not .. 

produced data that can bei used to obta i n  96-hour LCs;o va l ues because con

centrations  tested were Mt suff i c i en t l y  h i gh ( Tab l e  .6 ).. P i nf i s h  were not 

affected i n  48 hours by 100 l19/ 1 Aroc l o� 1254 ( Duke ,  et a l . 1970). 

E i ghteen percent of the p i nfi sh  d i ed after 96 hours i n  water to wh i ch 100 

l19/ 1  Arocl o.® 1016 was added , compared to 2 percent of the control  f i sh , 

(Hansen , et a l . 1974a ) . Add i t i ona l tests wi th sa l twater f ish  spec ies at 

s l i ghtly h i gher concentrat i ons  mi gh t  have given data siu.ff i cient to calcu l ate 

96-hour LC50 va l u es .  However, poss i b l e  probl ems cou l d  exist  i n  val i d i ty 

of acute tests  w i th PCBs .because o f  thei r  l ow sol ub i l i ty i n  water ( Schoor, 

1975; Wi ese and Gr i ff i n ,  1978). 

There are too few da1:'a for PCBs and freshwater cir sa l twater s peci es to 

ca l cu late a Freshwater or Sa l twater F i na l  Acute_ Val uei accord i ng to the pro-
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cedures descri bed in  the Gu idel ines . Species mean acute values are 

summarized in Tabl e  3.  

Chronic  Toxicity 

Results from s ix  chron ic  tests with three freshwater invertebrate spe

cies ,  Daphni a  magna, Gammarus pseudol imn
.
aeusv and the midge , Tanytarsus !!!!.

simi l i s ,  are shown i n  Table  2. The chronic  val ues for Daphn ia  magna of 4.3 

11g/ 1 for Aroclo,® . 1248 and 2 .1 11g/ 1 for Aroclo1® 1254 , were from fl ow

through tests with measured concentrations (Nebeker and Puglis i , 1974 ). The 

val ue of 0 .8 11g/ 1 for the midge with Aroclo.® 1254 , and ttie two chron ic  

val ues of  4 .9 11g/ 1 for Aroclor® 1242 and 3 .3 sag/ 1 for Aroclo.® 1248 for 

Gammarus pseudol imnaeus , were also from flow-through tests with measured 

concentrations. 

Five freshwater flow-through tests wi th measured concentrations have 

been conducted with two fish species , four with fathead minnows and one with 

brook trout (Table 2 ). The most to�iic Aroc10.® to fathead minnows was 

Aroclor® 1248 whi ch gave a chroni c  value of 0.2 119/ 1  {Defoe, et al . 1978 ) ;  

chronic  values for Aroc10..® 1242 , Aroclor® 1254, and Aroc1or® 1260 

were 9 .0 ,  2.9 , and 2 .3 11g/ 1 ,  respectively (Nebeker , et al . 1974; Defoe , t!t 

al. 1978 ) .  A chronic value of 1 .0 11g/ 1 for· Aroclo..® · 1254 was obtained by 

Mauck , et al. ( 1978) for the brook trout . 

Two geometric mean acute-chronic  ratios are calculable; these are 6.4 

for the fathead minnow and 1 1  for the scud , Gammarus pseudolimnaeus (Tab l e  

2 ). 

No chronic tests have been reported in  which saltwater invertebrate spj!

cies were exposed to PCBs . 

I n  an early-l i fe-stage test (Table 2 )  wi th the sheepshead mi nnow, fer-

ti  1 izat ion was not .affected by Aroclor® 1254, but s 1gn1f1cant1y fewer e1n- . 
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bryos survived to hatching' i n  a measured concentratiori o'f 3.48 µg/l (Sch im

mel , et al . 1974 ) .  Surviviill of  .. fish dur1ng the two we,eks fol l owing hatching 

was significantly  less in 0 .16 µg/1, but not d ifferent from contro ls  in 0.06 

µg/ l . 

In a study to determirie the effect of PCBs in fish embryos on survival, 

Hansen , et al . (1973 ) ex�1osed adul t  sheepshead minncws for four weeks to 

Aroclo� 1254 (Table  6 ) .  ' Adu l t  fish exposed to 5 . 6 µg/1 died , but those 

in 1 .1 µg/1 or l ower apparently were not affected . Embryos from adul t  fi sh 

exposed to concentrations as l ow as 0 . 14 µg/1 were pl aced in PCB-free fl ow

ing saltwater and observed for four weeks . Ferti l f  zation success was not 

affected by PCBs in embry'os , but survival of embryos and the resulting fry 

was reduced (Table  6). Fr·y from embryos containing 7 .. 0 1).lg/g or more of PCB 

began dying a few hours after hatching.  The concentra,tion in embryos cal cu

l ated to be l ethal  to 50 percent of the fish was 6.1 µg/ g. If PCB affects 

other species simil arly, then other fish species with equal ly  high concen

trations of Arocl o$1> 1254 in their embryos may be endar1gered . 

The effect of anothe1'' PCB , Aroclo.® 1016, i n  wetter· on fry, juvenile , 

or adu 1 t sheepshead mi nn°''·s was determined in a 4-week exposure (Hansen , et 

al . 1975 ) (Tabl e  2 ).  Sur"ival of al l three l ife stages was reduced in 15 

µg/1 but not in 3.4 µg/'I or l ess . Un l ike Aroc10$i) 1254 , as much as 77  

µg/g  of Aroclo� 1016 in embryos apparently did not affect survival of 

embryos and fry in water fl•ee of this PCB. 

Concentrations of Arc1clo� 1016 and 1254 affecti ng sheepshead minnows 

in chronic exposures differed marked ly  (7 . 14 and 0 .098 µg/ l ) ;  s imil arly, 

l ife-cycle  tests with the fathead minnow and Arocl ctr� 1242 ,  1248, 1254, 

. and 1260 yiel ded chronic val ues of 0 .2  t� 9 . 0  µg/1 . {Tab le  2). Degree of 

ch lorination in these tests using a freshwater fish species appears 

unrel ated to extent of chronic tox i c i ty and suggests that additional chronic 
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data on sal twater species for other Aroc lors® may be needed to demonstrate 

adeauately the presence of a rel ationsh ip  between degree of chl orination and 

chron ic toxicity. 

Chron ic exposure of sal twater fish species to Aroclors® produced 

pathol ogical effects not observed in acute tests . Hansen , et al . ( 1971 ) re

ported s igns of poi son ing in pinfish exposed to 5 µg/ 1 Aroclo.® 1254 , such 

as fungus-l ike lesions on the body, hemorrhagic areas around the mouth , 

ragged fins etc . ;  and . 41 to 66 percent mortal i ty occurred . Signs of poi son

ing i n  adu lt  sheepshead minnows exposed to 10 µg/ 1  Aroclo� 1254 and juve

n i 1 e sheepshead minnows exposed to 0 . 16 µg / 1  or greater inc 1 uded 1 ethargy, 

fin rot , and reduced feeding (Hansen , et a1 . 1973 ; Seh innel , et al . 1974 ) ;  

decreased survival occurred at concentrations where th�se signs of poi soning 

were observed (Table  6 ) . 

Spot exposed to 5 µg/1 Aroc10.® 1254 for two weeks or l onger sho,�ed 

fatty changes i n  their l ivers ( Ni111110 , et al . 1975 ) .  In i ntermedi ate stag�s 

of l iver pathogenes i s  i n  fish species exposed to Aroclo.® 1�54 , there were 

extreme fatty changes characterized by the presence of l arge vacuoles wi thin  

hepatocytes and d i sorientat ion of l iver cord di stribution .' In advanc:ed 

stages of pathogenesi s  in moribund fish , there were intracel l u l ar PAS-posi

tive bodies (ceroid ) ,  congestion of  b lood s inuses , and seve're vacuol ation 

(Tabl e  6 ) .  

Chroni c  toxicity tests , i ncluding early-l ife-stage tests with fi shes , 

demonstrate that the toxicity of PCBs increases with increased duration of 

exposure . Because data on the acute toxicity of PCBs to saltwater organi sms 

are l imited , the rel ations h i p  between acute and chronic  toxicity is poorly 

understood . Avai l ab le  data (Tables 2 and 6)  from chronic tests demonstrate 
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that Aroclo.® 1254 affects . sal twater organ isms at concentrations as l ow as 

0 . 14 "g/ l  and Aroclo,® 1016 affects pinfish at 15 ll'Q/ 1 .  No effects have 

been observed at 0 .06 µg/ 1 for 
. 
Aroci or® 1254 and clt 3 .4  llg/ l for Aro

clo.® 101 6 .  

P l ant Effects 

No appropr i ate freshwater pl ant effects data are a,# ai l ab l e ,  but informa

tion wh ich has been found for pl ants i s  given in  Tab l e! 6 .  Information con

cern ing the sens it iv ity of ' saltwater pl ant species is : restri cted to uni ce l 

l u l ar al gae (Tab le  4 ) . F isher and Wurster ( 1973 ) found that the growth of 

the d iatom, Rh i zosol en i a  !!!t igera,  was reduced i n  a medium to wh ich 0 .1  ll9/ 1 

Aroc1 01® 1254 was added . Likewise,  Fi sher , et a l .. ( 1974 ) demonstrated 

that O.l  11g/ 1 Aroclo.© 12S4 added per l iter of water changed the species 

rat io  of the al ga ,  Ounal i!.!l! tertio lec.ta , and the di atom, Thal ass ios ira 

pseudonana . Fi sher , et al .; ( 1974 ) a l so showed a decre1ase i n  species ·diver

s i ty and species ratio  chilnge in natural phytoplanktcm conmunities at O � l  . .  

llg/ 1 Aroc1 0.® 1254 . I n  sumnary, some data suggest that unicel l u l ar pl ants 

are affected by concentrations of PCBs s imi l ar to co111ce111trations that are 

chron ical l y  toxic  to an imal s .  Unfortunately, no data ti1s ing  measured concen

trati ons were presented , clnd i t  1 s  d i fficu l t  to i ntorpret the ecologica 1 
s i gn ificance of these studi es .  

Res i dues 

Tab l e  5 contains the resu l ts of 21 appropr iat1! 'freshwater res i due 

studi es as defined by the Gu i del ines . The studies i nie: l ude only  l aboratory 

data for invertebrate and f ish species and show a wid:e range of b ioconcen

trati on factors ( BCF ) . Fr·eshwater fiel d studies were pl aced i n  Tab l e  6 

rather than Tabl e 5 because1 i t  cou l d  not be shown that the PCB concentrat i on 

i n  water was constant fer a1 l ong period of time over the range of territory 
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inhabi ted by the organ ism.  Freshwater invertebrate BCF val ues in Tab le  5 

range from 2 , 700 for the phantom midge exposed for 14 days to 108 , 000 for 

the scud ,  Ganmarus pseudol imnaeus , exposed for 60 days . BCF val ues for ex

posures of fish species (Tab l e  5 )  range from 3 , 000 for brook trout (fi l l ets ) 

exposed to Arocl o.® 1254 for 500 days to 274 ,000 for fathead minnows 

(whol e  body} exposed to Aroclo,(8) 1242 for 255 days . 

The BCF val ues of PCBs in  sa ltwater species in  l aboratory tests are al so 

shown in  Tabl e  5 .  The di atom, Cyl indrotheca closterium, had a BCF of 1 , 000 

( Kei l ,  et al . 1971 ) ;  Eastern oyster , up  to 101 ,000 (Low,e , et al . 1972 ; Par

rish , et al . 1974 ) ;  grass shr imp ,  Pal aemonetes pugio,  27 ,000 ( Ni111110 , et  al . 

1974 } ;  and i n  the three fish species l isted , Leiostomus xanthurus , Cyprin�

� variegatus , and Lagodon rhomboides , as h i gh  as 43 ,100 ( Hansen 1 et al . 

1971 , 1973 , 1974a , 1975 ) .  Bioconcentration factors for PCBs j n  five of six  

species of freshwater fishes i n  l aboratory tests were general ly s imi l ar to 

BCF values for saltwater species . Variation in BCF values among species ·; s 

greater than the var iation in BCF values when one species is  exposed to var

ious Aroclor� For example ,  BCF val ues i n  adu lt  sheepshead minnows eic

posed under s imi l ar conditions averaged 25,000 for Aroclo.® 1016 and 

30,000 for Aroclo�1254 . 

Bioconcentration factors cal cu l ated from data from Escamb i a  Bay, Fl ori-

da,  were greater than 230,000 for b l ue crab , greater than 100,000 for oy

sters , and greater than 670,000 for speck led trout · ( Duke , et al . 1970 ; 

Ni111110 , et al . 1975 ) .  These data , and fiel d data on freshwater fish species , 

suggest that either BCF from 1 aboratory studies underestimate bioconcentra

tion potential s of PCBs in the env ironment or that water samples from fi�l d  

stud ies inadequately character i zed ambient concentrations of PCBs (Hansen , 

1975 ) .  
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The b 1oaccumul at1on of PCBs 1 nto aquatic organ isms : from PCBs i n  food and 

in water and the effects of PCBs on manmal s  that feed on fish and shel l fish 

are important .  The l owes·t maximum permiss ib le  tissu1e concentrat ion ( 0 .64 

119/ l ) is based on the effe•:t of dietary PCBs on mink ( P l atonow and Karstad , 

1973 ) . S ignificant effects on reproduct ion of mink werE! observed at th is  

concentration but a safe concentration was not determinc!d . 

Dividing a BCF value by the percent 1 i pid  value 1 for the same species 

prov ides a BCF value baseCI . on 1 percent 1 ip id  content: ; th is  resu l tant BCF 

val ue is referred to as 1:he normal i zed BCF . Each of t:he BCF val ues for 

which percent l ipid  data a.re ava i l ab l e  was normal ized by d iv iding the BCF 

value by i ts corresponding percent 1 i p id  value.  The 1geometri c  mean of the 

normal ized BCF values was ithen cal cu lated to be 10,40<ll (Tab le  5 ) .  The ac

tion l evel for marketabf l i ·ty for human consumption estabHshed by the U . S .  

Food and Drug Admin istration ( FDA) for PCBs in  edib le  ·fislr'I and shel lfish is  

5 .0  mg/kg. Dividing the FD1A action l evel of  5 .0 mg/kg  by the geometric mean . .  

of normal ized BCF values (10,400) and by a percent l 'i p id  value of 15 for 

freshwater species (see Gu i del ines ) gives a freshwater res idue val ue of 

0 .032 µg/ 1 . Simi l arly,  d iv i ding the FDA action l evel , of 5 . 0  mg/kg by the 

geometric  mean of normal ized BCF values ( 10,400 ) ,  and by a percent 1 i pid  

value of 16 for saltwater speci es ( see Guf del  i nes ) give�s a sal twater res idue 
I 

value of 0 .030 µg/ l . The h i ghest BCF value for edible  portion of a consumed 

freshwater species i s  9 ,550 for ra inbow trout ( Branso11 , et al . 1975 ) .  

Divid ing thi s  value into the FDA action l evel of 5 . 0 mg/kg gives a fresh

water res idue value of 0 .52 µg/ 1 . The h ighest BCF value for edi b l e  portion 

of a consumed saltwater sp4!cies is  the value of 101 ,0CIO for Eastern oyster 

( Lowe, et al . 1972 ) . Oivicll fng th i s  va lue into the FDA action level of 5 . 0  

mg/kg gives a sal twater re�s i due value of 0 .050 µg/. 1 . f Th1ese concentrations 
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are probably  too h igh because the average concentration in some ed ible spe

cies wou l d  be at the FDA action l evel . 

For wi l dl ife protection ,  the l owest maximum permiss ible  ti ssue concen

tration is 0.64 mg/kg for mink (Pl antonow and Karstad , 1973 ) ,  but thi s  l evel 

adversely affected mink . Divi ding th i s  val ue by the geometric  mean (45 ,000) 

of who le-body BCF val ues for salmonids (rainbow trout ,  46 ,000 ;  brook trout . 

42 ,000 and 47 ,000) gives a res idual val ue for freshwater of 0 .014 �g/ l . Tiie 

mean BCF of 45 ,000 for salmon i ds is  based only  on l aboratory ' data . E l even 

BCF val ues for salmonids are avai l ab le  from field studies (Tab le  6 ) . The 

h i ghest is for the s iscowet , but the other 10 range from 119 ,000 to 

2 ,333 ,000 wi th a geometric  mean of �56 ,000. Even if  the con�entrations of 

PCBs i n  water i n  these field studies are not documented as wel l  as des ired , 

the total avai l ab l e  i nformation strongly indicates that field BCF values· for 

PCBs are probably  a factor at 10 h i gher than the avai l ab l e  l aboratory BCF 

values . The data from Escamb i a  Bay ind icate that s imi l ar effects occur wi'th 

saltwater fishes ( Tab l e  5 ) . The model developed by Weiniger ( 1978 ) prov ides 

a poss i b l e  expl anation for th is  d ifference between l aboratory and fiel d 

data.  Thus the freshwater and saltwater Final Residue Values of 0.014 and 

0 .030 pg/ 1 , respectively, are probably  at l east a factor of 10 too h i gh .  

Miscel l aneous 

Tab l e  6 contains data for other effects not l i sted in Tabl es 1 through 

5 .  The tests conducted by Birge, et al . ( 1979 ) with Capacito� 21 are 

flow-through early-1 ife-stage tests with measured concentrations , where em

bryos were tested from just after ferti l i zation unti 1 4 days post-hatch 

( Tab l e  6 ) . Test LCso val ues for redear sunfish were 8 pg/ 1 ;  for l arge-
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mouth bass 1 .5 µg/ 1 ;  and for rai nbow trout 2 . 0  µg/ 'I . These l ow val ues are 
( . 

very cl ose to the data of Nebeker , et al  • .( 1974 ) alnd Defoe , et al . ( 1978 ) 

for fathead mi nnows ( Tab l e  2 ) . 

Several studi es have shown that tests for PCBs, l asting l onger th an 96 

hours { Tab l e  6 ) prov ide a better estimate of l ong-term adverse effects {mor

tal i ty, growth , patholo !�Y) than l etha l i ty i n  96-hour tests . Arocl or® 1254 

k i l l ed p ink shrimp at a concentration of 0 .94 µg/ 1 w,ith i n 1 5  days { Ninmo ,  et 

a l . 1971 ) .  P i nk shrimp exposed to 3 . 0  µg/ 1 for: 7 days were sens i t i ve 

changes i n  sal in ity ( Nimmo and Bahner , 1974 ) . Thi s  �;pecies a l so appeared 

more susceptible  to a v iral i nfection after exposure to Aroclo� 1254 

( Couch and Ninmo. 1974a.I:> ) .  

The growth rate (he ight and in-water wei ght )  of Eastern oysters was s i g

n ificantly
. 

reduced by exposure to 5 .0 µg/ 1 Aroc110.aD 1254 for 24 weeks 

( Lowe , et al . 1972 ) .  l'hese oysters also d ispl ayed g•�nera l  ti ssue al tera

tions i n  the ves i l cu l ar connective t issue ( parenchyrna ) around the d i gestive · 

d iverti cu l a  of the hepatc)pancreas .  

Aroc 1 o.® 1254 was t1ox i c to the s a  1 twater amph i 1>0d ,  Ganmarus ocean i cus , 

at a nomi na l  concentrat �on of 1 0 . 0  µg/ 1 {Tab l e  6 ) • Mol tir)g an ima l s  were 

particu l arly vu lnerab l e  to the PCB. Necrotic  branc:h ia  were found i n  some 

an imals  exposed for abou1� 6 days to nominal concentra.tion of 1 .0 µg/ 1 .  

Arocl o.® 1254 affec·ted the species compos ition of comun i t i es of es

tuarine  animal s that dE!veloped from pl anktoni c  l arvae i n  sal twater that 

fl owed for four mo�ths 'through sma l l aquari a  ( Tab l e! 6 ;  Hansen , 1974 ) . The 

number of arthropods de1t:reased wh i 1 e the number of chordates i ncreased i n  

aquari a receiv i ng 0 .6 µig/ 1 of the PCB . Numbers of phyl a ,  spec i es and i n

d i v i dual s were decreased! by th i s  PCB , but there wai; no apparent effect on 

the abundance of anneli ds , brach iopods , coe l entE!rates , ech i n i derms , or 
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nemerteans .  Th i s  study showed that a PCB can have marked effects on com

mun ity structure at concentrati ons not much di fferent from those that 

produced chron i c  effects on s i ngl e spec i es . 

Su1'1111ary 

The acute toxi c i ty of polych l or i nated b i phenyls  {PCBs ) to freshwater an-

ima l s  has been measured with three invertebrate and four fish spec i es ,  and 

the spec i es mean acute va lues range from 2 . 0  to 283 11g/ 1 .  The data from 

fl ow-through tests with measured concentrations are s imi l ar for f.i sh and in

vertebrate speci es ,  and probabl y  accurately refl ect the tox i c i ty of the com

pounds . The data from static  tests are more variab l e ,  and many may not re

fl ect actual  toxi city� due to vol ati l i ty, sol ub i l i ty, b ioconcentration , and 

a�sorption characteristics of the vari ous PCB compounds . · E l even l ife-cycl e  

or part i a 1 1 i fe-cyc 1 e tests were comp 1 eted with three i nvertebrate and two 

fish spec i es ;  the chron ic  values range from 0.2  to 15  µg/ l .  

Spec i es mean acute val ues for PCBs and sal twater animals  range from 10 .5. 

to 20 µg/ 1 from s i x  tests on three i nvertebrate species . Two chroni c  tests 

h ave been conducted on the sheepshead minnow, provi ding chroni c  values for 

th i s  species of 7 . 14 and 0.098 11g/ l .  

The freshwater resi due data show that PCBs accumul ate to rel atively  h i gh 

l evel s i n  fish  and i nvertebrate ti ssues , and that for most species PCBs are 

not rapi d ly  depurated when exposure i s  d iscontinued . Bioconcentration fac

tors for i nvertebrate spec i es range from 2 ,700 to 108, 000 . Bioconcentrati on 

factors for PCB exposures of fish speci es range from 3 ,000 to 2749000. 

Bioconcentration data for PCBs i n  sal twater fish and i nvertebrate spe

c i es show b ioconcentrati on factors ranging from 800 to >230,000 for i nverte

brate speci es and from 14 ,400 to >670,000 for fish spec i es .  
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The SCF v al ues obtai ned from f i e l d  data are genera l l y aprec i ab ? y  h i gher 

than l aboratory-derived BCF val ues , so F ina l  Res i due ,Val ue� based on l abora

tory-derived BCF val ues a1re probab ly  at l east a factor of 10 too h i gh .  

Data avai l ab l e  for freshwater pl ant spec i es general l y  indi cate that they 

are l e.ss sensi tive to PCBs than ·are i nvertebrates or f i sh spec i es .  Data 

avai l abl e for sal twater 1pl ant speci es i nd i cate that
. 
un i ce l l u l ar pl ants are 

affected by concentrat i i:ms of PCBs s imi l ar to cioncentrati ons that are 

chron i cal l y  tox i c  to an imal s .  

CR ITERIA 

For po l ych l orinated b i phenyl s the cr iteri on to protect freshwater 

aauat i c  l i fe as derived u s i ng the Gu i de l i nes i s  o .. 014 i.ig/ 1 as a 24-hour 

average . The concentration of 0 . 014 µg/ l  i s  probabl y  too h i gh because i t  i s  

based o n  b ioconcentrat iort factors measured i n  l aboratory studies , but fie l d 

studi es apparentl y  produce factors at l east 10  t imes hi9her for fi shes . The 

ava i l ab l e  data i nd icate that acute toxi c i ty to fresh"iater aquati c  1 ife prob-. .  

abl y  wi l 1 onl y  occur at concentrat i ons  above 2 . O  i.igJ' l and that the 24-hour 

average, shoul d  prov.i de adequate protecti on agani st ac:ute tox i c i ty .  

For polych l or i n ated b� phenyl s the criteri on to protect sa l twater aquat i c  

l i fe a s  der i ved us i ng the Gu i de l i nes i s  0 . 030 µg/ 1 , a s  a 24-hour average . 

The concentrati on at 0 . 030 µg/ 1  i s  probabl y  too h i gh because i t  i s  based on 

bi oconcentrat i on factors :measured i n  l aboratory studies , but fie l d stud ies 

apparentl y  produce factors at l east 10  times M gher for fi shes . The avai l 

abl e  data i nd i cate that .acute tox i c i ty to sal twater· aquat i c  1 ife probab ly  

wi 1 1  onl y  occur at  concentrati ons above 10  i.ig/ 1  and t:hat: the 24-hour average 

shou l d  prov i de adeauate protecti on agai nst acute toxi c: i ty.  
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Tltbl• •• Acute wluea tor 110lyc:t.lorl•ted ltl....., 11 

s.-1 . ..... 
LC50iEC50 Aalte Y•I• 

Sl!!S!!!. MetMd• Cllemlail .Jl!alO CllAIU Refer..ce 

FRESHMATER SP£CIES 

Scud, fl, M Aroc lor9 10 - Mayer, et e l .  1917 
Gwrus t•sclatus 1242 

Scud, s, u Aroc1ore 52 - Meyer, et el.  1 977 
6-arus fucl etus 1248 

Scud, s. u Aroclor9 2,400 10 Meyer, et el.  1 971 
6ellllerus fesc letus 1 254  

Scud, fl, M AroclQl4 n - Hrlbek• & Pugl l sl ,  
Galmerus eseudol l;;in..us 1242 1974 

Scud, FT, M 1.roc1ore 29 - Nebeker & Pugl l s l , 
6-r°UI eseudol lmnHUI 1248 1974 

Scud, 
Gwrus pseudol l.....,s 

s. u 2,l,4 1-tr l ch loro-
bl phenyl 

70 - Nayar, et ol.  1 977 

tit 
I Scud, s, u 4,41 -dlchloro- 100 - Meyer, et el . 1 977 ... � Gwrus eseudol lmnseus bl phenyl 

Scud, S, U 2,4 • -d lch loro- 120 - Meyer, et el . 1 977 
6-iilrUS j!S&udol l&anGCUS bl pheay l 

Scud, S, U 2,4,6,2 ' ,4 1 ,6 1- 150 - Meyer, et el.  1 977 
Gewrus pseudol li:oneeus hexech loroblphenyl 
Scud, s, u 2,4,5,2 ' ,5 •- 2 IO  46 Meyer, et el . 1 977 
Gwrus pseudol l•eeus pontach loroblphenyl 
O.S. l f ly, FT, M 1.roc::1ore 200 - Meyer, et e l .  1977 
l schnur• v.rtlca l l s  1 254  

DMMl f ly, 
· I achnur• vert I ca 1 1  s 

FT, M Aroclore 
1242 

400 283 Meyer, et el.  1977 

Relnbow trout, FT, M c.pac1 tore 2 1  2.0 2 Birge, et al . 1 979 
Seim galrdnerl 

Fathead minnow, FT, M l.roc lor9 15 - Nebeker, et al.  1 974 
Pl116Pha les pr011elas 1242 

. , � 
till , 
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Tabl e  1 .  (Cont inued) 

Speci es  

Fathead Mi nnow (juvenl le) , 
P lll!f)ha l es proael as 

Fathead •lnnow, 
P lll!f)ha l es proae l as 

Redear sunf lsh, 
L.!P!!!!!. •I cro I ophus 

Larg&MOUth lass, 
M!c!'"®ter!!s �f�J_ges 

Eastern oyster, 
Crassostrea vlrs.!.!ll.ca 

Eastern oyster, 
Crassostrea v l rg l n l ca 

Eastern oyster, 
Crassostrea vlrgl n l ca 

Eastern oyster, 
Crassostrea v l rg l n l ca 

Brown shr l11p, 
Penaeus aztecus 

.. 
Grus shr l1111, 
Pc lc=ooetes � 

... thod• 

FT, M 

FT, M 

FT , M 

FT, M 

FT, U 

FT, U 

FT, U 

FT, U 

FT, U 

- --- - . 
FT, U 

. LC5GIEC50 
Chemlca l  <ealn 
Aroclor• 300 

1242 

Aroclo,.e 7. 7 
1 254 

Capac I tore 2 1  19 

Capac I tor9 21 2 • .3 

SALTWATER SPEC I ES 

Aroclore 
1016 

Aroc lo,.. 
1248 

Aroclore 
1 254 

Aroclore 
1 260 

Aroclore 
1016 

Aroclore 
1016 

- -" -- -----

10. 2*• 

170 

14 .. 

60 .. 

io.s 

12. 5  

• s .  stat ic, FT . f low-through , u a URM&asured, M . ..  asured 

••EC50 besed on decreased !J'OWth of oysters 

" 

Specl a MMn 
Acute v.1 .. 

<eglU Reference 

- Nebeker, et al . 1 974 

.3.3 Nebeker, et a l .  1 974 

19 B i rge, et al. 1 979 

2 • .3 Birge, et al . 1 979 

- Hansen, et a l .  1974a 

- Lowe, undated 

;;1! 

- Lowe, undated 

20 Lowe, undated 

10. 5 Hansen, et a l .  1 974a 

1 2. 5  Hansen, et a l .  1 974 a 
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Table 2. 

Sm!!!_ � 

Cladoceran. LC 
Daphn I 111 .ES!!!. 
C ladocaran. LC 
Daphnla •sna 

C l acloceran, LC 
Daehn la •sna 

Scud, LC 
Gawrus pseudol lmnaeus 

Scud, LC 
Gwrus pseudol IW1aeua 

M i dge, LC 
Tanytarsus d l sslMl l l s 

Ill 
I 

Brook trout , LC .... 
0\ Sa lvel l nus tont l na l l s  

Fathead Minnow, LC 
P l!!l!ha ies l?rOMl as 

Fathead Minnow, LC 
P 1!9fha les l>f'Oll8 1as 

Fathead Minnow, LC 
Pl!!f>ha l•s l?rc.elas 

Fathead alnnow, LC 
P 1!8f1h• l •s l>f'Oll81 as 

Sheepshead • l nnow, ELS 
Cypr lnodon var legatus 

Chrcalc wluea for polyc:ltlorluted lalpheay la 

Ll•lta Chroalc Yelue 
Chemical .!J!lll )  (pg/I )  

FRESHWATER SPEC IES 

Aroc lor9 10-24 15 
1254 

Aroclor• 2.5-7.5 4. 3 
1248 

Aroclor9 1.2-.3. 5 2. 1 
1 254  

Aroclor9 2.8-8. 7 4. 9 
1242 

Aroclor9 2.2-5. I 3. 3 
1 248 

Aroc l� 0. 5- 1 . 2  0.8 
1 254 

Aroclor9 0. 7-1 . 5  1.0 
1254 

Aroclor9 0. 1 -0.4 0. 2 
1 248 

Aroclor9 1.3-4.0 2.3 
1 260  

Aroclor9 5. 4- 15.0 9.0 
1242 

Aroclor9 1.8-4.6 - 2.9 
1 254  

SALTWATER SPEC I ES 

Aroclor9 3.4- 15.0 7 . 14 
1016 

Reference 

Maki & Johnson, 1975 

Nebeker & Pugl i s i , 
1974 

t=beker & Pugl i s i , 
. 1974 

Nebeker & Pug 1 1  s I , 
1 974 

Nebeker & Pugl l  sl  , 
1 974 

Nebeker & Pugl l s l , 
1974 

Mauck, et al.  1 978 

Defoe, et a l .  1978 

Defoe, et al. 1978 

Nebeker, et al . 1974 

Nebeker, et al . 1 974 

Hansen, et a l .  1975 

·
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Table 2.. CCont lnued) 

Speclu 

Sheepshead •lnnow, 
Cyer l nodon  ver legatus 

.!!!!! 
ELS 

Chemlc:11I 

Aroclore 
1 254  

ll•l ts Chronic Value 

!eal!! Ceg/U 

0.06-0. 16 0. 098 

• LC •  l l f• cyc le or part l al l l fe cyc l e, ELS • ear l y  l l fe stage 

Acute-Chron i c  Rat i os 

Acute Va l ue  Chron ic Value 

Reference 

Sch llllllEll ,  et a l .  1 974 

Spec i es  <estn <eatn � 
Scud, 46 
GWBrus pseudol l.aaeus 

4.9 9.4 

Scud, 46 3. 3 14 
GUMrus pseudol lmaeus 

fatheed •lnnow, 33 9. 0 3. 7 
Pl!!phe l U J!.r0118 las 

Fatheed •lnnow, 33 2. 9 1 1  
P l119Phel ea erOMlas 

G80lll8tr le Mean of ecute-c:hron le rat los for· ·  scuds • 1 1  · 

G80lll8tr l c  ll80ll of acute-chron ic rat ios for fathead alnnows • 6.4 

. 
< 

.. - -----
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Table :S. Species ..an ecut• values ond .cute-chronic ratla. for polyc:Morl nated blphMyls 

� 

1 

6 

5 

4 

3 

2 

3 

2 

Specl• Neu 
Acut• Value 

Species (1Ja/U 
FRESHWATER SPECIES 

Dusel f ly, 283 
l sc:hnura vert l ca l ls 

Scud, 46 
GeMDrus eseudol IW1aeus 

Fathead •lnnow, 33 
P l!!i!ha les ero=el as 

Redear sunf i sh, 19 
L!e!!!!!!. •I cro loeus 

Scud, 10 
GeMDrus fascl atus 

Larg9110Uth bass, 2.3 
Mlcr21>tarus sa lmoldes 

Ra I nbow trout, 2. 0 .!!.!!2. ga I rdner I 

SALTWATER SPECI ES 

Eastern oyster, 
Crassostrea vlrgln lca 

Grass shr l11p, 
Pa la81110R•tes J!!!S!g_ 

Brown shr l11p, 
Penaeus · aztecus 

20 

12. 5  

10.5 

Specl• Mun 
Aalt..ChrCMalC 

Rat io 

I I  

6.4 

* Ranked frm least sensitive to most sensit i ve based OR speci es ll&an 
acute val ue. 

" 
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Table 4. P lant val ues for polych lor l nated blpheny l s  

Spec i es 

D i atom, 
Rh l zos'o l en l a  set l ger 

D i atom, 
Tha l ass l os l ra pseudonana 

D i atom, 
Tha l ass l os l ra pseudonana 

D i atoms , 
Tha l ass l os l ra pseudonana 
and Sksf3fone:r� cosfafum 
D i atom, Tha l ass l os l ra 
gseudonana and rc;een a l ga ,  

una i i e l l a  tert o l ecta 

D i atom, Tha l ass l os l ra 
gseudonana arid green a l ga, 

una l lel la tert l o l ecta 

D i atom, 
Skel etonema costatum 

D i atom, 
Ske l etonema costatum 

D i atom, 
Cy l l ndrotheca c l oster l um 

Cheml ca l 

Aroc lor9 
1 254 

Arocl or• 
1 254 

Aroc l or9 
1 254 

Aroc l or• 
1 254 

Aroc lor9 
1 254 

Aroc for9 
1 254 

Aroc lor• 
1 254 

Aroc l or• 
1 254 

Aroc l or• 
1 254 

Ef fect 

SALTWATER SPEC I ES 

No growth In 46 
hr. Reduced 
growth thereafter 

Reduced growth 

Reduced eel I 
d i v i s ion 

Reduced growth 
and carbon t l xa-
t !on !n 48 h!' 

Spec i es  rat i o  
change 

Spec i es rat i o  
change 

Reduced growth 

Reduced eel I 
d i v i s ion 

Reduced growth 

n a  a.+"..,. 
--· . . . Aroc !or8 ...  � -- -· . Red!!ced ce ! ! '"' ' "' ' "'"' 

Chaetoceros soc l a l l s  1 254 d i v i s ion 

D i atom, Arocl or• No et feet oo 

N l tzsch l a  l ong l ss l ma 1 254 cel l d i v i s ion 

Chrysophyceae, Aroc l or• Reduced eel I 
Monochrys l s  l uther l 1 254 d i v i s ion 

Resu l t  
(}!g/ 1 >  

0. 1 

25 to 100 

1 . 0  

1 0  

1 

0. 1 

10 

10 

100 

.!O . 

100 

10 

Reference 

f i s her & Wurster , 
1973 

Mosse r ,  et a l .  1 972a 

Hard i ng & Ph l l l l p s, 
1 976 

f i sher, 1 975 

Mos ser, et a l .  1 972b 

f i sher, et a l .  1 974 

Mosser, et a l .  1 972a 

Hard I ng & Ph I I  I I  ps, 
1976 

Ke l l ,  et a l .  1 971 

1-li!rd ! ng & Ph i l l i p s ,  
1976 

Hard I ng & Ph 1 1  I I  ps, 
1 976 

Hard I ng & Ph 1 1  1 1  ps, 
1976 
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Spec leg TIHu= 

Sna l I ,  Whole body 
Physa sp. 

C I  adoceran, Whole body 
Daphnla 1111gna 

Scud, Whole body 
Gawrus pseudol l11111aeus 

Scud, Whole body 
Gawrus pseudo 1 1  lflaeus 

Scud, Whole body 
G111111arus pseudol l11111aeus 

Mosqui to, Whole  body 
� tarsa l ls  

b:I 
Phant<1111 11ldge, Whole body I 

IV Chaoborus punctlpenn l s  ... 

Ra inbow trout, Whole body 
� galrdner l 

Rainbow trout, f l  I let 
� galrdner l 

Rainbow trout, f l  l let 
� gal rdnerl 

__ ___ . Brook trout; . - - --- -- Who! e  �v 
·----- ·---- -- ___ ,- ------- - �--- Sa lvel lnus fontlna l l s  

Brook trout, Whole body 
Sa I vel  I nus fontlna l l s  

Brook trout, f l  l let 
Sa lvel l nus font lna l l s  

fathead minnow (female), Whole body 
Plmephales promelas 

Table 5. Rea ldues for polych lor ln11ted blpheny ls 

Lipid 

...ill.. 

-

-

-

-

-

-

-

-

-

-

- - - · - -...,. -·- --

2. 9 

o. 7 

-

Bloconcentratlon Duration 
Ch•lcal factor Cdais> Referen� 

FRESHWATER SPEC IES 

Pentachloro- 56,900 33 Sanborn, 1 974 
b l  pheny l 

Aroc lor9 3,800 4 Mayer ,  et al . 1 977 
1 254 

Aroclor9 36,000 60 Nebeker & Pug l l s I ,  
1 242 1974 

Aroclor9 6,200 2 1  Mayer, et al . 1 977 
1 254 

Aroclor9 108 ,000 60 Nebeker & Pugl l sl ,  
1248 1 9 74 

Aroclor9 3, 500 7 Mayer, et a l . 1 977 
1 254 '  

Aroclor9 2, 700 14 Mayer, et al . 1 977 
1 254 

Aroc lor• 46,000 30 B i i is & Marki ng, 1 9 77 
1 254 

Tetrach loro- 9,550 esti mated Branson, et a l .  1 975 
b l  phenyl p lateau 

Tetrachloro- 5, 850 42 Branson, et a l .  1 975 
b l  phenyl 

An::;<= ;o� �- - . .. - �- 47,uoo - - - 118 - -- - - - Moi.icit, et af. 1 978 1 254 

Aroclor9 42,000 500 Snarsk l & Pugl l s l , 
1 254 1976 

Aroc lor9 3,000 500 Snarsk l & Pugl i s i , 
1 254 1976 

Aroclor9 120,000 240 Defoe, et al . 1 978 
1 248 

·t 
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Tobi• 5. (Conti nued) 

L i p i d  BloconceAtrotlon Duration 
Species Ti ssue _!lL. Chemlca l  foctor (days) Ref erenco 

Fathead mi nnow (fe110 le> , Who le body - Aroclor-9 270,000 240 Defoe , et al . 1 976 
P l11&pha les prane lns 1260 

Fathead •lnnow (11111 le> , Who le body - Aroc lo ... 274,000 255 Nebeker, et al . 1 974 
P l1118pha les pr01118l as 1242 

Fathead mi nnow ( fema l e) , Whole body - Aroc lo ... 238,000 240 Nebeker, et a l .  1974 
P l mepha les proine las 1 254 

Wh I te sucker, Whole body - Aroc lo ... 5, 500 30 Freder i ck, 1975 
Catostanus conwnerson l 1232 

Channel catf i sh, Whol e  body - Aroclo,.. 61 ,200 77 Mayer , et al . 1977 
l cta lurus punctatus 1254 

Channel catf i sh, Whole body - Aroclo ... 56,400 77 Mayer, et al . 1977 
l cta l urus punctatus 1246 

B l uegl l I ,  Whole body - Aroclor• 52,000 77 Stal I I  ng, 1971 
.!:!P.011l s  Macroch l rus 1246 

tXI 
I 

N 
SALTWATER SPEC I ES N 

D i atom, Who le - AToc lo ... 1 ,000 14 Ke l I ,  et al. 1971 
Cy l l ndrotheca c l oster l um organ I sa  1242 

Po lychaete, Whole body - Phenoch lore 000 14 Fow ler, et al e 1976 
� d l vers l color IF-5 

Eastern oyster, Ed I b le port Ion - Aroc lo ... 13,000 64 Parri sh ,  et al . 1974 
Crassostrea v l rg l n l ca 1016 

Eastern oyster, Ed i b le . portion - AToclo ... 101 ,000 245 Lowe, et al . 1 972 
Crassostrea v l r9 l n l ca 1 254 

Eastern oyster, Ed l b le port ion - AroclO..- > 100,000 f l el d data Duke, et a l .  197Q; 
Crassostrea v l r9l n l ca 1254 Nl llllllO, et a l .  1975 

Grass shr imp, Whol e  body - Afoclore 27 ,000 16 N l mno, et al . 1974 
Pa l aemonetes � 1 254 

B l ue crab, Who l e  body - Aroclo ... >230,000 f i el d data N l mno, et al .  1975 
Ca l l l nectes sap l dus 1254 

'< 
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Tab l e  5. (Cont i nued) 

Sj?ac l es 

Spot, 
L e l ostomus xanthurus 

Sheepshead mi nnow (adu l t ) ,  
Cyj?r l nodon var l!!Satus 

Sheepshead mi nnow 
< Juven l l e > ,  
Cypr l nodon var l egatus 

Sheepshead minnow C f ry > ,  
Cyer l nodon var l egatus 

Sheepshs�d mini.ow (adu l t ) , 
Cyer l nodon var l egatus 

P l n f l sh, 
La� rhornbol des 

Speck l ed trout, 
Cynosc l on nebu l osus 

F ishes 

I nvertebrates 

.!ill!!!. 
Who l e  body 

Who l e  body 

Who l e  body 

Whol e  body 

Whol e  body 

Whol e  body 

Who l e  body 

Who l e  body 

Who l e  body 

• Percent l i p i d  data from Hansen, 1960 

L i p i d  
_ill_ 

I. I *  

3.6• 

-

-

- _J. O!! 

-

-

-

-

Bloconcentratlon 
Che111 l ca l  factor 

Aroc lor-8 37 ,ooo 
1 254 

Aroc l or• 25,000 
1 0 16 

Aroc lo ... 43, IOO 
1 0 16 

Aroc lor4D 14,400 
1 0 16 

Aroc io� 
1 254 

-- 30, 000 

Aroc lo ... 1 7  ,ooo 
1 0 16 

Arocl o  ... >670,000 
1 254 

Arocl o  ... > 1 33,000** 
1 254 

Aroc lo ... >27 ,000** 
1 254 

Durat ion 
( days > 

28 

28 

28 

28 

28 

2 1-28 

F l e l d  data 

f i e l d  data 

f i e l d  data 

Reference 

.. 
" 

Hansen , et al . 1 9 7 1  

Hansen , et a l .  1 975 

Hansen , et a l .  1 975 

Hansen, et a l .  1 97 5  

Hansen , et a l .  1 973 -

Ha nsen ,  et a l .  1 974 a 

Duke, et a l .  1 970; 
Ni mmo, et a l .  1975 

N l nrno, et a l . 1 975 

N l 11111P, et a l .  1 975 

u Greatest bl oconcentrat lon factor of Aroc lor• 1 254 In f i shes and I n vertebrates ,  respect i ve l y  from Escamb i a  Bay, F l or i da 

Max imum Perm i ss l b i e  T i ssue Concentrat i on 

Concentration 
Act i on Leve l or E f fect (11'9/kg) 

F i sh and she I I f i s h  5. 0 

No reproduct Ion and 0. 64 
morta l i ty I n  mink, Muste l a  
.fil2!!. 

- ---------------

Reference 

U.S. FDA, 2 1  CfR Part 
109.30 

P l atonow & Karstad, 
1 973 
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Table 5. (Cont i nued) 

Maxllllll• Per111 l ss l bl e  T i ssue Concentrat ion 

Act i on Leve l or E f fect 

Reduced surv i val of 
sheepshead •lnnow, 
Cypr l nodon varli)¥atus, 
frm e111iyos co a In Ing :?] • 0 mg/kg 

Concentrat ion 
(mg/kg) 

1.0 

Reference 

Hansen , et al . 1 973 

GE10111etr lc lll&an of noraa l l zed BCf val ues ( see text> • 10,400 

Marketab l l l ty tor human cons1J11>t lon: FDA action level for f i s h  and she l l f i sh = 5.0 mg/kg 

freshwater: 

Percent l l p l d  val ues for freshwater spec i es ( see Gul del l nes> = 1 5  

Percent l l p l d  va l ue for sa l twater spec i es  (see Gu i del ines) a 16 

5.0 • 0.000032 Ilg/kg • 0.032 µg/I 
10,400 )( 15 

Sal tweter: 5.0 • 0. 000030 mg/kg • 0.030 µg/ I 
l0,400 M !6 

Us i ng h i ghest BCf tor ed i ble port ion of a consumed spec i es  

freshwater: Ra i nbow trout = 9, 550 <Branson, et a l .  1 975) 

. 5.o .. 0. 00052 mg/kg = 0.52 µg/ I , 
9,5S1f 

Sa l tweter: Eastern oyster = 1 0 1 ,000 ( Lowe, et al . 1 972 ) 

5.0 a 0.000050 mg/kg = 0.050 µg/I 101 ,000 

L 
,, .. 
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Tabl.• 5. (Cont inued) 

W I  l d l l te protect ion: Lowest 11ax l 11.111 penn l ss l ble t i ssue concentration ., 0.64 mg/kg (P latonow and Karstad. 1 97} ) 

Geometr ic inean of. whole body BCF val ues tor sa l110n ld spec i es  .. 45.ooo 

Freshwater: 0.64 • 0.0000 14 Ilg/kg • 0. 014 �g/I 
w,umr 

Freshwater F l nal Resi due Value • 0.014 �g/ I 
c: - 1 +  ... -.+ .... - r: 1  ... . 1 o ..... 1!! 1 11  .... .-. u. 1 ....... . n n"' .... .1 1  
-..iu 1  • •u • o• . •-. • nu t  , ,  .. ,. , uiwv . ..  , ...... -:: v•VJV f'IHI • 

' 

,1;r-.:, 

'\l':', 
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Table 6. other dllta for polych lorl nated blpheny l& 

Speci es Chemical Durat ion Effect 

FRESHWATER SPEC I ES 

Yeast, Aroc lore 1 232 to 160 hrs Reduced growth 
Sacchar0111yces cerev l ss l ae Aroc lore 1 260 

A l ga .  Aroclore 48 hrs 1050 
Eugl ena grac l 1 1  s 1 22 1  

A l ga. Aroc lo,.e 8 days Reduced growth 
Eug l ena gracl l l s 1242 

A l ga. Aroc l ore  24 hrs Growth I nh i b i t ion 
Scenedesmus obtus l uscu lus 1 242 

A l ga. Aroc lore 24 hrs Reduct Ion I n  rate 
Scenedesmus quadr l cauda 1 254 of carbon f l  xat Ion 

A l ga, Aroclor• 191 hrs Depressed ee l  I 
Ch l ore l l a pyrenol dosa 1 268 product i v i ty tD I 

N A l ga. Aroclo,.e 73 hrs Reduced popu lat Ion 0\ Ch l ore l l a  pyrenol dosa 1 254 growth 

A l ga .  Aroclo,.e 22 days Reduced growth 
Ch l amyd01110nas rel nhardt l l  1 242 

A l ga .  D l ch loro- 3 hrs Reduced imt 1 1 1  ty 
Phorm l d l um sp. bl  pheny l 

C l adoceran. Aroclo ... 2 wks LC50 
Daphn l a  magna 1 248 

C ladoceron. Aroclor9 2 wks LC50 
Daph n l a  magna 1 254 

C ladoceran, Aroc l� 3 wks LC50 
Daphn l a  magna 1 254 

C I  adoceran, Aroc l or9  2 wks LC50 
Daphn l a  magna 1 254 

C I adocer an, Aroc lore1 22 1 to 2-3 wks LC50 
DaphnJ� magna Aroc lor• 1 260 

'·' 

Resu lt 
.!l!sl!.l 

25,000 

4,400 

10.000 

300 

o. 1 

1 .000 

1 . 000 

2,000 

50 

2.6 

1 . a  

1 . 3  

24 

19-182 

Reference 

Tej edor, et a l .  1979 

Ewa l d. et al. 1 976 

Bryan & Olaf sson. 
1978 

Larsson & T i i i berg. 
1975 

la ird , 1 973 

Hawes , et a l .  1 976b 

Hawes, et a l .  1 976a 

Morgan. 1 972 

Zu l l e l  & Benecke, 
1978 

Nebeker & Pug l  I s l , 
1 974 

Nebeker & Pug l  I s l ,  
1974 

Nebeker & Pug l l s l ,  
1974 

Mak i & Johnson , 1 975 

Nebeker & Pug l l s l , 
1 9 74 

,,; ·'" 
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T•ble 6. (Continued) 

Species 

Aq>h lpod, 
Pontll!2!:!!!. aff l n l s  

Stonet ly, 
Pteronarcys dorsata 

Oobsonf ly, 
Corydalus cornutus 

Mosqui to, 
f!!.!.2. tarsa 1 1  s 

Glass shrimp, 
Pa la8110fletes kadlakens l s  

Glass shrhnp, 
Pa la&MOnetes kad lakens ls  

Mys l d, 
Mys ls  rel lcta 

Snal l s  

Crayf ish, 
Orconectes na ls  

Crayf i sh, 
Orconectes na ls  

0 -. l  .. h-.... +--... ... 
, ,,.. , .. .,_...... ·· � · -
Sa lllO galrdner l 

Ra I nbow trout, 
� Q1Jlrdner l 

· ·-•--··C-

ChMlca l  

f le ld  data 

Aroclo,. 
1254 

Aroclor9 
1254 

Aroclore 
1254 

Aroclo,. 
1254 

F le ld  data 

FI  el d data 

F le ld  data 

Aroc lo,. 
1242 

Aroclor9 
1254 

- --- Arv.; lu.-e 1 242 ar.d 
Aroc lor 1 254 

Aroclo,. 
1242 

Result  
Dur•tlon Effect Cesll >  Ref er enc. 

- Bloconcentratlon - Hal le, et al . 1 975 
factor a I , 709 

21  days Bloconcentrat lon - Mayer, et al . 1977 ' 
factor • 740 

7 days Bloconcentratlon - Mayer, et al . 1977 
factor • 1 ,500 

7 days No adu lt 1. 5 Sanders & Chand ler, 
emergence 1972 

7 days LC50 J Mayer, et al . 1 977 

21 days B loconcentrat lon - Mayer, et al . 1977 
factor • 2,600 

- Bloconcentratlon - Veith, et al . 1977 
factor • 1 25,000 

- Bloconcentratlon - Nadeau & Davis, 1976 
fac1or • 45,000 

7 days LC50 JO Mayer, et a l .  1977 

21 days Bloconcentratlon - Mayer, et a l .  1977 
factor • 750 

- -- - - ---.. -- i nn i b i t  Aifase - 4 µgig Davis, et - al .  1972 
act i v i ty 

25 days LC50 12 Mayer, et al.  1 977 
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Table 6. (Contln&*I) 

Spec I ff 

Ra I nbow trout, 
� gnlrdnerl 

Rn I nbow troot, 
� galrdner l 

Re I nbow trout, .§!.!!!2. ga I rdner I 

Rolnbow trout, 
� galrdner l 

Ra I nbow trout, 
� gel rdner I 

Rainbow trout, 
� gel rdner l 

Rai nbow trout, 
� golrdner l 

Re I nbow trout, 
� galrdner l 

Rainbow trout, .§!.!!2. ge I rdner I 

Rainbow trout, 
� gol rdner l 

Steel heed trout, 
� gelrdner l 

Steel heed trout, 
� galrdner l 

Brown trout, 
Sn llllO trutta - ------

Che.lea I 

Aroc lo,.. 
1 248 

Aroclor• 
1 254 

Cnpec I tore 2 1  

1troc1ore 
1 260 

Clophen9 A-50 

Aroclor9 
1 242 

Aroclor9 
1 254 

Aroclo,.. 
1 242 

Aroclor9 
1 254 

f le ld  data 

Aroclore 
1 254 

F le ld  deto 

Clophen9 A-50 

Resu lt 
Duration Effect JJ!J1l!!. Reference 

25 days LC50 .3.4 Mayer, et a l.  1 977 

25 dnys LC50 21 Mayer, et al . 1 977 

8 day LC50 2 B irge, et al. 1 979 
eerly  I l fe 

stage 

25 days LC50 49 Mayer, et a l .  1 977 

21 days Induce f l sh hept lc 
a lcrosoaiel enzyaes 

.31  µg/g ll dlnen, et al . 1976 

30 days 75• 110rtol l ty, 
10• defor•ed fry 

0. 39 µgig Hogan & Brauhn, 1 975 

.3.30 days K idney pathology 10 µgig Nestel & Budd, 1 974 

5 days LC50 67 Mayer, et al . 1 977 

5 days LC50 54 Mayer, et al . 1 977 

- Bloconcentrat lon - Ve lth, 1975 
factor • 1 20,000 

24 days Bloconcentrat lon 
factor • 38,000 

- Halter, 1 974 

- B loconcentratlon - Hessej, 1973 
factor • 600 ,000 

4.3 days An81111a, hyperg l y- 10 µg/g Johansson, et a l .  
a111Ja,. altered In  food 1972 
cholesterol 
•etebol lsra 
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Tabl e  6. (Cont i nued) 

Speci es 

Brown trout, 
�.!D!!.!! 
At lant l c  sa lmon, 
�.ill!!: 
At l ant ic sa l mon, 
�.ill!!: 
Coho sa I mon, 
Oncorhynchus k l sutch 

Coho sa·lmon� 
Oncorhynchus k l sutch 

Coho sa lmon, 
Oncorhynchus k l sutch 

Coho sa lmon, 
Oncorhynchus k l sutch 

Coho sa lmon, 
Oncorhynchus k l sutch 

Ch i nook sa lmon, 
Oncorhynchus tshawytscha 

Ch i nook sa lmon, 
Oncorhynchus tshawytscha -

Brook trout, 
Sa l ve l l nus font l na l l s 

Brook trout, 
Sa l ve l l nus font l na l l s 

Brook trout, 
Sa l ve l l nus font l na l l s 

Ch811l ca l  

f i el d  data 

Aroc l ore 
1 242 

Aroctore 
1 254 

Aroc tor• 
1 254 

Aroctore 
1 254 

Aroc tore 
1 242 

Pentach l oro
bl phenyl  

f i e l d  data 

f l el d  data 

f i el d  data 

Aroc tore 
1 254 

Aroc lo,.. 
1254 

Aroc lorit 
1254 

Durati on  

96 hrs 

'\. 

� 
B loconcentrat lon 
factor = 1 1 9 ,000 

B l oconcentrat lon 
factor = 600 

192 hrs Morta l t ty 

Ear l y  l l fe Chron i c  l i m i t  
stage 

72 hrs St i mu lated 
thyroi d  act i v i ty 

68 days I nduced f i sh 
hepat i c  ANi 
1111 lcrosomal 
enzymes 

72 days 

18 days 

71 wks 

fert. to 
hatch 

I nduct Ion of ary I 
hydrocarbon 
hydroxy I ase 

B loconcentrat lon 
factor = 1 73 , 000 

B loconcentrat lon 
factor = 1 , 240, 000 

B locQ!lc�ntrat !on 
factor = 240,000 

I nduced f l  sh MFO 
system 

No ef fect on sur
v i va l , g rowth or 
reproduct ion 

No embryo hatch 

Resu l t 
..!J!9fil Reference 

Ve i th ,  1 975 

Z l tko & Carson , 1 977 

>2 µg/g Z l tko, 1 970 

<4. 4  Ha l ter & Johnson, 
1974 

0. 48 µg/g Mayer, et a l .  1 97 7  

I µgig Gruger, et a l .  1 97 7  

1 2  µ gig 

JI) µg/g 

Gruger, et a l .  1976 

Ve i th ,  1975 

Hesse, 1 973 

·· - · � � · - , �  
• v 1 1 11 1  I � / �  

Add i son, et a l .  1 978 

0. 94 Snarskl & Pu g l i s i ,  
1976 

200 freeman & I d ler, 1975 

(. .., 
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Tabl e  6. (Continued) 

Specie& 

Leke trout, 
Sa I ve l  lnus nwxcush 

Lake trout, 
Sa l ve l lnus na1111ycush 

Lake trout, 
Sa lve l l nus n111111Sxcush 

Lake trout, 
Sa l ve l l nus namaxcush 

S lscowet, 
Sa I ve I I  nus nwxcush 
slscowef 

Lake wh itef i sh, 
eoresonus c l upeaforal s  

Lake wh i tef i sh, 
eoresonus c l upeafor•l s  

Fathead 1111 nnow, 
P l!!pha l es pr0110 las 

Fathead 111l nnow, 
P l!!!!f)ha l es pr0110l as 

fathead 11lnnow, 
P l!!!phales pr0110 las 

fathead •lnnow, 
P l!!Pha les pr0110 las 

fathead minnow, 
P l!!J>ha les pr011118 1as 

Fathead 11lnnow, 
P l!!!!pha les pr01118 las 

fathead mi nnow, 
P l meptia les prQ1118las 

Ch•lcal 

f l e l d  date 

f l el d  data 

f l el d  data 

f i el d  data 

fiel d data 

F l el d  data 

f i e l d  data 

Aroclote 
1 242 

Aroclo,.e 
1016 

Aroc lore 
1 016 

Aroclo,. 
1 248 

Aroc l<>t4 
1 260 

Aroc lore 
1 242 

Aroclote 
1016 

Duretlon Effect 

- Bloconcentrat lon 
factor a 1 , 1 10,000 

- Bloconcentratlon 
factor • 212,000 

- B loconcentrat lon 
factor • 2,333,000 

- Bloconcantrat lon 
factor • 1 , 625,000 

- B loconcentrat Ion 
factor • 4,  1 25 ,000 

- Bloconcentratlon 
factor • 1 10,000 

- B loconcentratlon 
factor • 875,000 

30 days LC50 

30 days LC50 

30 days Reduced �owth 

30 days LC50 

30 days LC50 

30 days Si gn i f i cant 
1110rt a I I  ty 

30 days Si gn i f icant 
1110rt a I I  ty 

Resu lt 
.!l!sil.U 

-

-

-

-

-

-

-

28 

28 

23 

4. 7 

3.3 

23 

44 

Reference 

Hes�, 1973 

Ve ith, 1975 

Parejko, et al. 1 975 

Ve ith, et al_. 1977  

Ve ith, et al . 1977 

Hesse, 1 973 

Ve ith, et al.  1977 

Ve i th, 1976 

Ve ith, 1976 

Ve i th, 1976 

Defoe, et a l .  1978 

Defoe, et al . 1978 

Hermanutz & Pugl I s l , 
1976 

Heri;;anutz & Pug! I s l , 
1976 

. 
' 
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Tabl e  6. (Cont lnued) 

Spec hts 

fathead 111l nnow, 
P lmepha l es pr0118 las 

fathead • lnnow, 
P l mepha l es pr01118 I GS 

B l ueg l l l , 
lepom l s  _macrochl rus 

B l ueg l 1 1 , 
lepom l s  macroch l rus 

B l ueg l 1 1 , 
lep0111ls macroch l rus 

B l ueg l l l , 
lep<llll l s  lllilcroch l rus 

B l ueg l I I , 
Lepoml s  macroch l rus 

B l ueg l 1 1 , 
lepoml s  macroch l rus 

B l ueg l 1 1 , 
lep0111l s  macroch l rus 

Mosqul tof l  sh, 
Gambus l a  aff l n l s  

Ch• l ca l  Durat i on  

Aroclore 4 lll05 
1 242 

Aroc t or• 4 llOS 
1 254 

Aroc lore 5 days 
1 248 

Aroc t ore -
1 242 

Aroc tore -
1 254 

Aroc l ore 30 days 
1 242 

Aroc lore 30 days 
1 254 

Aroc lore 
1 254 

30 days 

Aroclore 
1 260 

30 days 

Tr i -, tetra-, & 
pentach loro-

6 days 

bl pheny l 
� - --- . - - -- � __ ,_ - _,,: _____ c---·· - - - · - · -

Mosq u l  tof l  sh, Aroclore 1. 5 hr 
Gambus ! a  atf ! n l s  ! 254 

Guppy, Aroc tore I day 
Poecl l l a formosa 1 242 

Carp, Aroct ore 20 days 
Cypr l nus carpl o  1 248 

Effect 

I nh i bi t ion of 
ATPase a ct i v i ty 

l nh I b i t  Ion of 
ATPase act I v i  ty 

LC50 

lnh l b l  t ( 1 50) 
ATPase 

I nh i b i tion of 
ATP Ase 

LC50 

LC50 

LC50 

LC50 

B loconcentrat lon 
factor "' 12,000 

- ·- - - -

Avoi dance 

S i gn I f  l eant 
mo rt a I I  ty 

- -- ----

Al tered p las111a 
-g l ucoron l dase 

act i v i ty 

Resu lt 
'l!all > 

0.3 1  

0.3 1  

136 

0.6 µgig 

30 

84 

78 

177 

400 

-

-� -�-" -- � . -- -

o. I 

200 

5 µgig 

Reference 

Cutkomp, et a l . 1972 

Koch , et a l .  19n 

Mayer, et at . 1977 

Desa l ah ,  et al . 19n 

Yap, et a l .  1 971 

Mayer, et a l .  1 977 

Mayer, et a l .  1977 

Mayer, et a l . 1977 

Mayer, et a l .  1977 

Sanborn, 1 974 

___ ,._ - ---- - --- -

Hansen, et a l .  1974 

Morgan, 19n 

I to, 1973 

" 

-- �----

... 

-----� --- ---
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Tabl e  6. (Cont i nued) 

Resu lt 
Speci es Cha.1I Cll l Dunt I on  Ef fect .!!!sl!l_ Reference 

Carp, Aroc l or• 2 1  days Metabol l c  changes 250 µg/g Ito & Murata, 1 9 74 
Cypr l nu s  carpl o  1 248 

Carp, f l e l d  data - B l oconcentrat lon - Ve i th, 1975 
Cypr l nus carpl o  factor = 1 10 ,000 

Carp, f i e l d  data - B loconcentrat lon - Hesse, 1973 
Cypr l nus carpl o  f actor "' 43 ,600 

Carp, f i el d  data - B loconcentrat lon - Hesse, 1 973 
Cypr l nus carpl o  f actor = 390,000 

Channel catf i sh, i\roc lor9 30 days LC50 75 Mayer, et al . �977 
l cta l u rus punctatus 1 248 

Channel catf i sh ,  Aroclor-9 30 days LC50 1 39 Mayer, et a l .  1 977 
l cta l urus punctatus 1 254 

Channel catf i sh ,  Aroc lor9 72 hrs St I mu la tad 2. 4 µg/g Mayer, et a l .  1 977 
IJJ l cta l urus punctatus 1 254 thyroid act i v i ty  I 
w 
"' Channel catf i sh ,  Aroc l or• 30 days LC50 6. 7  Mayer, et a l .  1 97 7  

l cta l urus punctatus 1 242 

Channel catf i sh, Aroc lo ... 20 wks We i ght loss and 20 µgig Hansen, et a l .  1 976 
l cta l urus punctatus 1 242 1 1  var hypertrophy 

Channel catf i sh ,  Aroc l or9 2 wks I ncreased trans- 6 Camp, et a l .  1 974 
l cta l urus punctatus 1 254 am l nase, lower 

cort i so l  

f lag f i sh, Aroc lor9 30 days f i n eros ion 31 Hermanutz & Pu g l  I s l , 
Jordane l l a t l or l dae 1 242 1976 

Redear sunf lsh, Capacl tor• 2 1  6 day LC50 6 B i rge, et a l .  1979 
Lepomj� ml cro l ophus ear l y  l i fe 

stage 

Largemouth bass, Capac I to ... 2 1  6 day LC50 1 . 5  B irge, et a l .  1 979 
M l cropt�rus sa l mo l des ear l y  I I  fa 

stage 

" 
L· 
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Tabl• 6. (Contlnu9d) 

s� 
LargeMOUth boss, 
M lcropterus sa l110l des 

G I  zzard shad, 
DorosOMD cepedlanwn 

A lew i fe, 
M2!!. eseudoharen9us 

A lewi fe, 
A losa pseudoJl�r8f!Q�� 

A lew i fe, 
A losa eseudoharen9us 

Chub, 
Coregonus Johannae 

Round wh ltef l sh (menomlnee) , 
ProsopluM cyl l ndaceu• 

C<>111ron sh I ner, 
Notro� cornutus 

Longnose sucker, 
Catostomus catostanus 

Longnose sucker, 
Catostomus catostomus 

Redhorse sucker, 
Moxostoma 'sp. 

Wh ite sucker, 

---- ---� 

Catostomus commerson l 

Bur bot, .12!!. Iota 

B loater, 
Coregonus hoyl 

Ch•lcal  Duration Eff9Ct 

f le ld  data - B loconcentrat lon 
factor .. 3,500 

f ie ld  dato - B loconcentratlon 
factor • 150,.300 

f le ld  data - B loconcentrat lon 
factor • 270,000 

f l el d  data - Bloconcentrat lon 
Jactor • 89�000 

f le ld  data - B loconcentrat lon 
factor .. 42, 700 

f le ld  data - Bloconcentratlon 
factor • 850,000 

f iel d  data - B loconcentrat lon 
factor • 1 20,000 

F iel d data - B loconcentrat lon 
factor • >78,000 

f ie l d  data - Bloconcentratlon 
factor :a 150,000 

f iel d data - B loconcentrat lon 
factor • I ,  1 25 ,000 

fie id  data ... . o • •  • - · - - ··· Bioconcentratlon 
factor "' 32,000 

f i el d  data - B loconcentratlon 
factor a 106,000 

f i el d  data - B loconcentrat lon 
factor • 1 ,062,500 

f i el d  data - B loconcentrat lon 
factor = I ,  166,200 

R•ult  
.!1!9ll ) 

--- -·-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- ��- -

ReferW1c• 

Martel I ,  et a l .  1975  

Hesse, 1973 

Hesse, 1973 

Vei th, 1975 

Ha l le, et a l .  1 975 

Hesse, 1973 

Hesse, 1973 

Nadeau & Davis, 1976 

Hesse, 1973 

Ve i th,  et a l .  1977 

Ve l th, 1975 . .  

Vei th, 1975 

Vei th,  et al . 1977 

Ve i th, et a l.  1977 

. .  
' •, 
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Tebla 6. (Continued) 

S.1!!£!!!. Ctie.lcal  Duration 

B loeter, f le ld  ditta -

Coregonus hoyl 

Leke herring, f ie l d  ditta -

CoreS2!!!!,!. erted 1 1  

Rainbow s.el t, f l e l d  ditta -

Os111Srus � 

Ra lnbow 511181 t ,  F l e l d  data -

OSIMH"US � 

Ra inbow sinel t, F i el d  data -

0Slll8rUS � 

Rock bass, f lal d  data -

Alnblopl ltes rupestr l s  

P ike, f i el d  data -
to �� I 
w 
..,. Yel low perch, F ie l d  ditta -

� t lavescens 

Yel low perch, f ie ld  data -

� t lavescens 

Yel low perch, f lefd data -

� t lavescens 

S I  lay scu l p l n, f ie ld  data -

£2.1!!!!. cognntus 

S l lay scu I pl n, f le ld  dota -

Cottus cognntus 

Fourhorn scu lp ln, f ie l d  data -

Myoxocephnl us qundrl corn ls  

M ink, Aroclor9 -

Mustela v lson 1 254 

Effect 

Bloconcentrat lon 
factor "' 8 1 ,000 

Bloconcentratlon 
factor = 250 ,000 

B loconcentratlon 
factor "' 462,500 

B loconcentrat lon 
factor .. 32,000 

B loconcentrat lon 
factor .. 48,000 

B loconcentrat lon 
factor • 1 17,000 

B loconcentratlon 
factor = 15,000 

Bloconcentratlon 
factor • 50,000 

B loconcentratlon 
factor • 109,000 

B loconcentratlon 
factor = 154 ,000 

B loconcentratlon 
factor .. 300,000 

Bloconcentratlon 
factor' • 84,000 

B loconcentrntlon 
factor • 331 ,500 

Reduced 
reproduct ion 

Result 
'l!sll )  

-

-

-

-

-

-

-

-

-

-

-

-

-

2 µgig 

Reference 

Veith, et al. 1977 

Ve ith, et al . 1977 

Vei th, et a l .  1977 

Ve ith, 1975 

Ha l ie, et al . ' 1975 

Nadeau & Davis, 1976 

Hesse, 1973 

Hesse, 1973 

Veith, 1975 

Norstrom, et al . 1 976 

Veith, et a l .  1977 

Hal le,  et al.  1975 

Veith, et al . 1977 

Au lerlch & Ringer, 
1977 

" 
• 
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Table 6. (Cont i nued) 

Speci es 

M i nk, 
Muste l a  .!!!2!l. 
M i nk, 
Muste l a  v l son 

Ch lorophyceae, 
Ouna l l e l  la sp. 

C i l i ate protozoans, 
Tetrahymena pyr l form l s  

C l  I l ate protozoans, 
Tetrahymena pyr l torm l s  

C l  I l ate protozoans, 
Tetrahymena pyr l form l s  

C l  I l ate protozoans, 
Tetrahymena pyr l torml s  

Polychaete, 
Aren l co l a  mar i na 

Po l ychaete, 
Nerel s  d l vers l co l or 

Rot i fer, 
Br8ch l cnus pl l cat l l l s 

Eastern oyster, 
Crassostrea v l rg l n l ca 

Eastern oyster, 
Crassostrea v l rg l n lca 

Cht111l ca l  

PCB r es i dues 

Aroc lore 
1 254 

Aroc lor• 
1 254 

Aroc lore 
1254 

Aroc lor• 
1248 

Aroc lor9 
1 254 

Aroc lor8 
1 260 

Aroc lor9 
1 254 

Aroc lor9 
1 254 

Aroc lor9 
i 254 

Aroc lor• 
1254 

Aroc lor9 
1 254 

Durati on  

1 yr 

4 mos 

ill!£! 
Depressed �owth 

Reduced 
reproduct Ion 

SALTWATER SPEC I ES 

45 days 

7 days 

96 hrs 

96 hrs 

96 hrs 

5 days 

5 days 

45 days 

2 days 

24 wks 

B loconcentrat lon 
factor = 477,000 
I n  I l p l d  and J0.000 
I n dry t i ssue -

B loconcentrat lon 
factor = 60 

Reduced �owth 

Reduced �owth 

Reduced �owth 

Bloconoentrat lon 
factor .. 236 

B loconcentrat lon 
f a<:tor = J 73 

B loconcentrat lon 
factor = 340,000 I n  
l l p l d  and 5 1 , 000 I n  
dr y  t i ssue 

B loconcentra t lon 
factor = 8, 100 

Reduced �owth 

Resu l t  
!l!slll 
10 IJg/g 

1 . 0  pg/g 

Reference 

Au ler l ch ,  et a l .  1 973 

R i nger, et a l .  1 972 

Scura & Tha l  l acker , 
1977 

Coo ley, et a l .  1 972 

1 ,000 Cooley, et a l .  1973 

1 . 0  Cooley, et a l . 1 972 

1 , 000 Cooley, et a l .  1 973 

Courtney & Langston, 
1978 

Courtney & Langston, 
1 978 

Scura & The l l acker , 
1 977 

Duke, et a l .  1970 

5.0 Lowe, et a l .  1 972 

,, " .. 
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Tobie 6. (Continued) 

Re&u lt 
Specie& Ctie.lcol ou,rotlon Effect Jl!Sfil R•ference 

Horseshoe crab, Aroclo,.. 96 days B loconcentrat Ion - Neff & Gi a�, 1 977 
L l1111.1 lus  polyphws 1016 foctor • 1 , 298 

Allph lpod, Aroclor9 30 days Mortal l ty > 10 W l l d l sh, 1970 
Gannarus oceanlcus 1 254 

Grass shrh1p, Aroclor9 l hr Avol dance 10 Hansen, et a l.  1974 b  
Pa I aeaionetes R!!9!2 1 254 

Grass shr lnp, Aroc lor9 4 days Water ef f lux 25-45 Roes l jad l ,  et a l .  
Pa la8lllOl'letes � 1254 af fected and 1976e,b 

altered ll'Gtabol lc 
state 

Pink shrimp, Aroc lorO 48 hrs LC50 32 Lowe, undated 
Penaeus duoraru• 1 248 

P i nk shr imp, Aroclor9 48 trs LC50 32 Lowe, undated 
Penaeus duorarU11 1 254 

ID 
I 

P ink shr imp, Aroclor9 15 days 51 j Mortal l ty 0. 94  Nl mno, et a l .  1971 w 
CJ\ Penaeus duorarum 1 254 

Pink shrimp, Aroclor9 15 days LC50 1.0 NltllllO & Bahner, 1976 
Penaeus duorarum 1 254 

P i nk shr imp, Aroclor9 2 days B loconcentrat lon - Duke, et a l.  1 970 
Penaeus duorarum 1 254 factor • 140 

F i dd ler crab, Aroclo ... 4 days Greater d i spers ion 2,000 F ingerman & 
.!!£!. pug I I ator 1 242 of Melanin F l ngennan, 1978 

F i dd ler crab, Aroc lortl 38 days Inh i b i ted 1110l t l.ng a. o F l nger1Mn & 
Uca pugl lator 1 254 F lngennan, 1977 

C0111111n l t les of organl SAIS Aroclor9 4 D>S Affected o.6 Hansen, 1974 
1 254 COllpOSl t lon 

Northern anchovy, Aroclor9 45 days Bloconcentratlon - Scura & The l lacker, 
EngrauJ�� 1 254 factor '" l l,000,000 1977 

In l i p i d  and 
1 ,030,000 In dry 
t i ssue 

.. . ,. ·' 
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Table 6. <Cont i nued ) 

Speci es 

Spot, 
L e l ostomus xanthurus 

Spot, 
Le l ostomus xanthurus 

P l nf l sh, 
Lagodon rhombol des 

P l nf l sh, 
Lago<!on rhomboldes 

P l nf i sh, 
Logodon rhombol des 

P l nf l sh, 
Lago<lon rhombol des 

Sheep shead minnow (adu lt) , 
Cypr l nodon var l egatus 

S heepshead m i nnow ( juven l l e> ,  
Cypr l nodon var legatus 

Sheepshead minnow 
<embryos and fry> , 

Cypr l nodon var l egatus 

Sheepshead minnow, 
Cypr l nodon var l egatus 

- - --

Ch• l ca l  

Aroc lore 
1 254 

Aroc l ore  
1 254 

Aroc lore 
1 254 

Aroc lore 
1 254 

Aroc lor• 
1 254 

Aroclore 
1016 

Aroc l ore 
1 254 

Aroclore 
1 254 

Aroc l o,.e 
1 254 

Aroclore 
1 254 

Resu l t  
Durat i on  E ffect <l!slO 

- L i ver pathogenes i s  5.0 

20-4 5 days 51 to 62% morta l l ty 5.0 

I hr Avoi dance 10. 0 

1 4-35 days 4 1  to 66% 111orta l l ty 5.0 

2 days B l<>concentratlon -

foctor • 980 

42 days 50% aorta I l ty 2 1 . 0  

28 days Lethargy, reduced 10 
feed i n g, f i n  rot, 
mortal l ty 

21 days Morta l l ty 10 

21 days LC50 0. 93 

28 days At fected repro- 0. 1 4  
duct Ion• 

*S l gn l f l cant l y  af fected hatch i ng of embryos or the surv i va l  of fry frOlll &>Cposed adu lts. 

.. 
•. "' 

Reference 

N i mmo, et a l .  1 975 

Hansen, et a l .  1 97 1  

Hansen , et a l .  1 974 b  

Hansen, et a l .  1 9 7 1  

Duke, e t  a l .  1970 

Hansen, et a l . 1 974 a 

Hansen, et a l .  1 973 

Sch i mme l ,  et a l .  1974 

Sch l nrne l , et a l .  1 974 

Hansen, et a l .  1 973 
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Mammal i an Tox icology and Human Hea lth Effec ts 

SUMMARY 

Polychlor inated biphenyls ( PCBs ) have been L1sed commer c ially 

s i nce 1 Y 2 Y  as di elec t r i c  and heat exchange fluids and in a var iety 

of other app l i cat ions . . They have become widely d i s seminated in the 

environment wor ldwide . L i ke many organochlor ine pes t i c ides , they 

ar e highly per s i s tent apd accumulate i n  food webs . Human expos ure 

to PCBs has r es ul ted la.rgely from the cons umption of contaminated 

food but also f rom i nha lat ion and s k i n  absorption i n  wor k  env i ron-

ments .  PCBs accumulate in the fatty t i s s ues  �nd s k in of man and 

other mammals .  Metabol i sm occurs  oy hydroxylat ion and d i hydrod iol 

formation w i th arene ox ides as probable i ntermed i ates . The r ate of 

metabol i sm and excr e t i on slows dr amat ically as the chlor ination of 

the b iphenyl nucleus i nc r eases . Ar r angement of chlor ines wh ich· 

elim i nate ad j acent uns ub s t i t uted car bon s  g reatly inc rease r e s i s -

tance to metabol i sm .  !>.CBs have caused profound tox ic ef fec ts i n  

man and an imals , par t icular ly i f  repeated exp1::>sur es  occur . The 

s k i n  and l i �er are maj oc s i tes of pathology , w i �h the gastrointes

t i na l  trac t and ner vous . systems aiso be i ng tar g1ets . Polychlorod i

benzofurans which con tam inate commerc i al PCB mi :ictures may contr ib-

ute s i gn i f i cantly to the i r  tox i c i ty .  Sever al stud ies i n  rodents 
! 

suggest strongly that sc::>me PCBs ar e car c i nogen i c:: and that they can 

enhance the car c inogen i<= i ty of other chemical s .  1 A l i near mode l for 

r i sk  assessment has beeh used to est imate max imum safe levels in  
I 

wa ter and f i s h  wh ich will  establ i s h  a level of r i sk  for the human 

population f rom cancer . A max imum level of PCBs in water proj ec ted 
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to result in no more than one cancer in 10 5 ind i v iduais w i th l i fe

t ime exposure of 0 . 7 9 ng/l is sugges ted by the analys i s .  

EXPOSU'Rl:.: 

The magn i tude of the d i sper sa l  of these chemicals i s  revealed 

by the i r  detect ion in the t i s sues of plants and an ima ls in all 

par ts o f  the wor ld .  PCB res idues have been obse rved in w i ldl i fe in 

Sweden , Nor th Amer ica , Great Br i ta i n , the Nether lands , and even the 

Arc t ic ( Ri sebroug h an� deLappe , 19 7 2 ) . Because PCBs are not natu

r al ly occurr ing subs tance s ,  the i r  d i s sem inat ion. is ent i r e ly the 

r es u l t  of human act i v i ty .  The i r  entry into the env i r onment has 

occur r ed by vapo r i z at ion i nto the atmosoher e ,  and by s�i l l ing or 

dump i ng i n to water or onto land . I t  has been est ima ted that o f  the 

1 9 7 0  sales of PCBs in Nor th Amer ica , only 20 pe rcent r epresented a 

net increase in the total amount in serv ice . E s t ima ted sources o f  

los s  f o r  that year wer e  1 - 2 x 1 0 3 tons for evaporat ion : 4 - 5 x 

1 0 3 tons for leak s and d i s�osal o f  f l u i d s : and 2 2  x 10 3 tons for 

d i spo�al by inc inerat ion and bur i a l  ( � i sbet and Sarof im , 19 7 2 ) . 

The cumulat i ve input to the env i r onment between 1 9 3 0  and 1 9 7 0  was 

e s t imated to be 3 x 10 4 tons to a i r ,  6 x 10 4 tons to fresh and 

coa s t a l  water s ,  and 3 x 10 5 tons to dumps and land f i l l s . In that 

t ime ,  up to one-th i r d  of the PCBs r eleased to a ir and one-half of 

that r e leased to wate r we re probably deqr aded . Deg radat ion in 

land f i l ls i s  mor e  d i f f icult to e s t imate ( N i sbe t and Sarof im , 197 2 )  • 

PCBs have been found repea tedly to be w i iiesPr ead i n  analyses of 

human t i s s ue s .  For example , detectable level s  of PCB$ have been 

r epor ted in ad ipose t i s sue s amples of up to 91 oe rcent of ind i v i -

duals sampled in a survey of the Un i ted S tates popu lat ion ( �utz and • 
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S trassman , 1 9 7 6 ; see Table 13 ) • Th i s  f ind ing imggests that env i-
ronmental contam i nat ion may b e  a s ig n i f icant source of human expo-

su r e �  L i kely routes o f  exposur e .  for the gene r a l  9opula t ion a r e  

water and par t icular ly food , wh i le inhalat ion �nd de rmal con tact 

are l i kely to be mor e  s ig n i f icant routes in occupa t ional exposur e .  

Inge s t ion from Wa ter 

The solub il i ty of PCBs in water is very low , decreas ing as the 

percent c h lor inat ion is r a i sed . Solub i l i t i es of Aroclo r s  in wa ter 

at 2 0°c vary f r om 2 0 0  ,ug/l f o r  1 2 4 2  to about 2 5  ug/l for 1 2 6 0  

( N i sbet and Saraf i m ,  197 2 )  • The maj o r  factor s .in the dynam ics of 

PCB d i st r ibut ion i n  wat:er a r e  i ts low solub i l i ty ,  high spec i f ic 

g r a v i ty ,  and i t s  h i,9h a f f i n i ty for sol i d s . Mo,s t PCBs d i scharged 

into water a r e  found i n  bot tom sed iments near the! s i te of d i scharge 

( Ni sbet and S ar o f i m ,  1 9 7 2 ) . Evaluat ion of PCB , levels in sur face 

wate r s  and bottom sed iment s  o f  the maj o r  d r a ir1ag e bas ins o f  the . .  

Un i ted S tates was conducted be tween 1 9 7 1  and 1 9 7 4  ( Denn i s , 197 6 ) . 

The data wer e  der i ved f r om the U . S .  Geolog ical s:urvey ( tJSGS ) study 

of 197 1-7 2 ( C r ump-We i snE� r , et al . 19 7 4 )  and fr<:>m add i t ional data 

collected by the USGS be tween 1972 and 1975 ( PCB data base 

1 9 7 2-7 5 ) .  I t  i s  summa r i z ed i n  deta i l  in the Cr i ter i a  Document for 

PCBs ( U . S .  EPA , 1 9 7 6 a )  • The h ig h e s t  concen t r a t i or1s in both wate r 

a,nd sed iment wer e  found in the bas ins east of the M i s s i s s ipp i 

Rive r . The h ig h e s t  levels we r e  found in 19 7 1  in the lowe r Mi s s i s 

s ipp i bas i n , w i th a med i an concentrat ion for the reg ion o f  3 . 0  ug/l 

and pos i t ive detec t ions at 1 0 0  percent of s tat ions tested . Over 

the t i me per i od of the �; tudy the concentr at ions . and inc idences o f  

PCBs de tec ted i n  a l l  bas ins have dec r ea sed substan t i a lly . By 1 9 7 4  
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the med ian level in  the lower Miss i s s ipp i  bas in had dropped to 0 . 1  

µg/l and the inc idence of detec t ion to 2 .  6 percent of stat ion s 

tes ted . The levels in  sed iments , however ,  have per s i s ted at much 

h igher levels ove r this  per iod of t ime . In  197 1 med ian sedimen t 

levels for the Mi s s i s s ippi  bas in  wer e  30 µg/kg and the inc idence of 

detec t ion 100 percen t .  By 197 4 the inc idence had dropped to 9 . 9 

percent , and the med ian level was 10. S µg/kg . 

Al though PCBs are w idespr ead in aqua t i c  env ironments ( Peakall , 

197 5) , the i r  low solub i l i ty gener ally pr events them from reaching 

h igh concentrat ions in dr inking water suppl ie s .  The per s i s tence of 

PCBs and the i r  accumulat ion in  sed iments , however ,  increase the 

s igni f i cance of water as a source of human exposure by prov id ing a 

r eservo i r  of mater ial wh ich can continue to contaminate water long 

a f ter the add i t ion of PCBs has ceased . I n  comb inat ion w i th these 

factor s ,  the l i poph i l i c i  ty of PCBs results in the i r  cont inued .i.n

troduct ion to , and accumulat ion in , the food cha in . As a conse

quence , f i sh and other foods obtained from aquat ic env i ronments may 

become impor tant sources of exposure even i f  PCB levels in the 

water are low . 

The ab i l i ty of PCBs d i scharged from a manufactur ing fac i l i ty 

to contam inate a dr ink i ng water system has recently been . h ighl ight

ed . B il l i ng s , et al . (1978 ) determin�d the levels of PCBs in the 

Eas ley-Central Water D i s t r ict ,  P ic kens County , South Carolina . 

They obser ved that PCBs d i scharged by a capac i tor manufactur ing 

fac i l i ty 1 2  km upstream from the water distr ict ' s  tr eatment plan t 

were enter ing the water system .  Fini shed potable water suppl ies 

wer e  contam inated to levels as h igh as 818 ng/l.  
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I nges t ion from Food 

Contamination of food wi th PCBs occurs  pr imar i ly by three 

mechan i sms . The f i r s t  i s  contaminat ion of human food as a conse

quence of accumulat ion ' in the food cha i n . The con taminat ion of 

freshwater f i sh as a consequence of the contam i:nat: ion of the aqua

t ic env i ronment is a p�r t ic ularly s ig n i f icant route of  PCB entry 

into the human d iet which w i l l  be d i scussed in mor e detail  below . 

The second mechan i sm occ:urs  by the d i r ec t  con taminat ion of feeds or 

foods tuf fs  w i th PCBs . Th i s  may occur as a result  of acc idental 

spills or equipment mal f unct ions as was the case in the ep i sode of 

r ice o i l  contam inat ion in Japan which led to thE! outbr eak of Yusho 

or r ice o i l  d i sease in . 1 9 6 8  ( Kuratsune , et al . 1 9 7 6 ) • In this  

ins tance leaks in a hea t exchanger used to proces s  r ice bran o i l  

r esulted in  the contami�at ion o f  the o i l  by the exchanger fluid 

( Kanechlor 40 0 ) . D i scc>ve ry of the contam inat ion was made only · 

a f ter numerous cases oj: chlor inated hydrocarbc>n intox icat ion in 

Fukuoka pr efec ture , Japan . The o i l  was found to contain 2 , 0 0 0  to 

3, 0 0 0  ppm Kanechlor 400 wh ich was contaminated ,wi th polychlorodi 

benzofurans ( 1 . 6  t o  5 !?Pm) . Average con sumpt ion o f  PCBs among 

a f fected i nd i v iduals wa:s est imated to be 2 g ( Kuratsune , et al . 

19 7 2 ) . By 19 7 5  the total number of known indivi�uals af fec ted was 

1 , 29 1 .  Elevated PCB levels  i n  fat  were s t i ll obser ved four years 

after the exposur e ,  and dermatolog ical symptoms wer e  found in up to 

8 9  percent of a group of 7 2  pati ents exam i ned in 1 9 7 3  or 19 7 4 . An 

example of acc idental PCBs contam inat ion in animal feed occurred as 

a result of the use of PCBs in s i lo coat ings (Willett and He ss , 

19 7 5 )  • The th i r d  s igni f icant source of PCBs in  foods tuf f s  was food 
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packag ing made from recycled paper contain ing PCBs ( Jelinek and 

Cornel i ussen , 1 9 7 6 ) . 

A spec ial case of human exposure via food wh ich mus t  be con

s idered is human breas t milk . Adver se ef fects have · been observed 

in breast fed infants of women w i th Yusho ( Kuratsune , et al . 19 7 6 )  

and in  i n fant Rhesus monkeys ingest ing breas t milk contain ing 7 to 

16 ppm PCBs ( fat  bas i s )  ( Allen , 19 7 5 ; Allen and Bar sott i , 19 7 6 ) . 

Preliminary survey data ind icate average PCB levels in human breast  

m i l k  of 1 . 8  ppm ( fat bas i s )  ( 4 2  FR 1 7 4 8 7 ) , and a s tudy of PCB ex

posed nurs i ng mother s in Germany ind icated average PCB levels of 

3 . 5  ppm ( Tombergs , 1 9 7 2 ) . The prox imi ty of these values to the 

tox ic levels  in infant monkeys ( 7  to 16 ppm)  suggests that human 

breast milk  mus t  be considered a s ig n i f icant source of PCB expo-

sur e .  

The extent o f  contam i nat ion o f  the U . s. food supply has be.en 

the subj ect of Food and Drug Adm i n i s tr at ion (FDA) and Depar tmen t of 

Agr iculture ( USDA)  mon i tor ing prog r ams s ince 1 9 6 9 . Results of 

these s tudies have been summar i zed by Jel inek and Cornel iussen 

( 19 7 6 ) . The i n i t ial analys i s  of 15 , 0 0 0  food sample s  between 1969 

and 19 7 1  is summar i zed i n  Table 1 .  The results of moni tor ing pro

grams i n  f i scal year s 1 9 7 3 , 19 7 4 , and 19 7 5  are summa r i zed in 

Table 2 .  Over the mon i tored per iod the inc idence and. levels of 

PCB s  have dropped i n  all food classes . By 1 9 7 5  the only s ign i f i

cant food sources wer e  f i sh ,  meat ,  and dairy products .  F i sh we re 

by far the  mos t  s igni f ican t  source . The f ind i ngs for the 19 69 - 7 1  

per iod led to the establ i shment o f  regulat ions for PCB levels i n  

food ( 3 8  FR 1 8 0 9 6 ) . The temporary tolerances es tabl i shed a t  that 
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Food 
Commod i ty 

F i n f  i sh 

Oys ter s 

F i s h  by-products 

Cheese 

M i lk 

Eggs 

Potato 
by-products 

Mi sce l laneous 

�-' =---

TABLE 1 

Summa ry o f  PCBs in Food * 
Nov . , 1 9 6 9  - June , 19 7 1a 

Pos i t ive 
F i nd i ngsc 

3 1 7 

1 2  

6 

4 4  

6 0  

17 

1 2  

1 1  

Avg . C>f 
Pos i t ives 

( Ppm ) 

2 . 1  

Tr ace 

1 . 8  

b 0 .  3 .· 

2 .  s b , 

"'r ace 

1 . 1  

1 . 9  

aA?p rox imately 1 5 , 0 0 0  s amples exami ned 
b . 

Fat ba s i s  
cDe tec t ion l im i ts : f i s h  0 . 5  pcm , other foods 0 . 0 5 ppm 

( P . E .  Cor ne l i us sen , pe r sonal commun ication )  

*Source : Jel i nek and Cor ne l i us sen , 1 9 7 6  
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Max . Level 
( Ppm )  

3 5 . 3  

Trace 

5 . 0  

l . Ob 

2 2 . e b 

0 . 5  

4 . 2  

6 . 5  
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TABLE 2 

S umma ry o f  PCBs i n  Foods* 

F i scal Yea r s  197 3 ,  1974 , and 1975 

FY 1973 F Y  1974 

Food 
Commod i ty 

F i s h  

M i l k  

Egg s 

Cheese 

Feed components 

An ima l feeds 

Processed f r ui ts 

I n fant and 
j un ior foods 

Mea ts and poultry 
( USDA) 

b 
Percent 
Pos i t ive 

60 . 4  

2 . 2  

1 . 1  

0 . 9  

12 . 7  

7 . 2  

4 . 5  

1 . 1  

Percent 
Pos i t ive 

1 . 9  

Max . a 
( ppm) 

123 . 0  

1 . 6  

Trace 

0 . 5  

9 . 0  

199 . 5  

19 . 2  

Trace 

Percen t 
a bove 
5 ppma 

0 . 19 

Percent 
Pos i t i ve 

4 4 . 0  

2 . 6  

4 . 2  

2 . 6  

o . o  

o . o  

o . o  

o . o  

Percent 
Pos i t ive 

1 . 2  

aM i l k , cheese , mea ts and pou l t r y  r epor ted as ppm , f a t  bas i s  

boe tec t ion l imi t s : f i sh 0 . 5  ppm , other foods . 0 . 0 5 ppm 

( P . E .  Cor ne l i us sen , per sonal communicat ion) 

* Source : Jel i nek and Cor ne l i us sen , 1976 

Max . 
( ppm) 

a 

16 . 8  

2 . 3  

11 . 0  

2 . 8  

N . D . 

N . D . 

N . D . 

N . D . 

Percent 
above 
5 ppma 

0 . 07 

FY 1975 

Percent 
Pos i t i ve 

17 . 8  

0 . 7 

o . o  

o . o  

0 . ) 
o . o.·  

o . o  

o . o  

Percent 
Pos i t ive 

0 . 3  

Max . 
( ppm) 

a 

9 . 0  

1 . 9  

N . D . 

N . D .  

0 . 9  

N.D. 

N.D. 

N.D. 

Percent 
above 
5 ppma 

0 . 06 
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t ime and new tole ranCE!·S recommended in 1 9 7 7  ( 4 2 FR 1 7 4 8 7 ) a r e  g i ven 

i n  Table 3 .  The enforcemen t  of those toler ance s and restr ict ion of 

PCB use in  open systems a f ter 1970 probably account for the gene r al 

decl ine of PCB levels in foods tuf f s . 

Compr ehens i ve f i sh sur veys conduc ted by the FDA in f i scal 

year s 1 9 7 3  and 1 9 7 4  ind icated a drop in the int idence of PCB detec

t ion in  f i s h  from less than 30 pe rcent in  1 9 7 3  to less than 20 pe r 

cen t in  19 7 4 . I n  19 7 3 ,  3 percent conta ined ov er l ppm and 0 . 5  pe r 

cent contained over 5 ppm PCBs . The data f r e>m all FDA stud i e s in 

the f i scal  year s 1 9 7 3 , 19 74 , an� 19 7 5  are summar i zed in F igure l .  

Wh i le the inc idence of PCBs in  f i sh dropped over the per iod , the 

f r ac t ion of pos i t ive f i sh con t a i n i ng over 5 ppm PCBs incr eased from 

less than 5 pe rcent it:o over 10 percent . The sample s conta in ing 

mor e  than 5 ppm wer e  :Erom the Great Lakes . E>ecause the s tudy in

volved d i f f er ent sourc:es and ob ject ives from year to year , no con-
. .  

clus ion as to whe ther a s ig n i f ican t trend ex i s ted was drawn . I t  

should be noted that t�ese surveys wer e  conduc ted w i th f i sh i n  com

me rce and prov ide no informat ion about spor t: f i sh per se . The 

s tud i e s  ind icated that:, s ign i f icant levels of 1>cBs gener ally do not 

occur  in saltwater f i sh .  

The impact o f  spqr t f is h  consumpt ion was examined i n  a study 

of a group of spo r t s  f:i shermen who consumed ar1 averag e  of 2 4  to 2 5  

pounds of f i sh  annually ( h ighest ind iv idual exposure 1 8 0  lbs/year 

over a two-year per iod ) . PCB res idues in cooked f i sh r anged from 

0 . 3 5 - 5 . 3 8 ppm . Plasma PCB levels ranged from a high of 0 . 3 6 6  ppm 

in the exposed group t.o cont rol level s of O . O Cl 7  ppm ( less than s i x  
I 

l bs cons umed pe r year ) ( 4 2  FR 1 7 4 8 7 ) . 
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TABLE 3 

FDA Regulations for PCBs* 

I .  Temporary toleraQ£!!.2. 

Commod i ty 

Milk  ( fat  bas i s ) 

Dai r y  produc ts ( fat  bas i s )  

Poultry ( fat bas i s )  

Egg s 

F i n is hed an imal feed 

An imal feed components 

F is h  ( ed i ble por t ion ) 

Infant and j un ior foods 

Paper food-packag i ng mater ial 
w i t hout PCB- impermeable bar r ier 

PCB com: . 
( ppm) 

2 . 5  

2 . 5  

s . o  

o . s  

0 . 2  

2 . 0  

s . o  

0 . 2  

aAdmin istrat i ve g uide l i ne , pend i ng hear ing 

*Source : Jeli ne k  and Corne l i us sen , 19 7 6  
42 FR 17487 
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Proposed Gu ide l i nes  
1 9 7 7  

l .  5 

1 . 5  

3 . 0  

0 . 3  

0 . 2  

2 . 0  

2 . 0  

pend ing 
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FISCAL YEAR "13 FlSCAl. YEAR '7'4 F[SCAL YEAR '75 

F IGURE 1 

PCBs in F i sh FY 7 3 , 7 4 , 7 5  ( Level of detE�ct ion : 0 . 5  ppm ) 

Source : Je l i nek and Corne l i u sen , 1 9 7 6  
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A b ioconcen t r a t ion factor ( RCF ) re lates the concen t r a t ion of a 

chem ical in aquat ic an ima l s  to the concentrat ion in the wa ter in 

wh ich they l i ve . The steady- s tate BCFs for a lipid-soluble com

pound in the t i s sues of var ious aquat ic animals seem to be propor

t ional to the percent l ip i d in the t i ssue . Thus , the pe r cap i ta 

inges t ion of a l ip id-so luble chem ical can be est imated from the per 

cap i ta consump t ion of f i sh and shell f i s h ,  the we igh ted aver ag e  oe r 

cent l ip ids o f  consumeq f i sh and shell f i sh ,  and a steady-state BCF 

for the chemical . 

Data f r om a recent survey on f i sh and she l l f i sh consumpt ion in 

the Un i ted S tates wer e analyzed by SRI I nternat ional ( U . S .  EPA , 

1 9 8 0 ) . These data wer e  used to e s t ima te that the �e r  cap i ta con

sump t ion of freshwater and es tuar ine f i sh · and shel l f i sh in the 

Un i ted S tates is 6 . 5  g/day ( � tei;>han , 198 0 ) . In add i t ion , these 

data wer e  u sed w i th data on the fat content of the ed i ble Por t ion of 

the same spec ies to e s t imate that the we i.qhted aver age percent 

l ip ids for cons umed f r e s hwater and e s t uar ine f i sh and shel l f i sh is 

3 . 0  l?ercen t . 

S ever a l  labor atory stud ies , i n  wh ich percent l ip i ds and a 

. s teady-s tate BCF were measured , have been conducted on polychlor i 

nated b ipheny l s . The mean o f  the BC� values , a f ter norma l i z a t ion 

to one percent l ip ids , i s  1 0 , 3 8 5  ( see Table 5 in Aquat ic L i fe Tox i 

cology sec t ion ) . An ad j u stment fac tor o f  3 can b e  used to adi u s t  

the mean normal i zed BCF t o  t h e  3 .  0 pe rcent l ip i ds that i s  the 

we ighted aver ag e  for cons umed f i sh and she l l f i sh . rhus , the 

we igh ted ave r age b ioconcentrat ion factor for po lychlor inated b i 

phenyls and t h e  ed ible oor t i on of a l l  f r eshwater and es tuar i ne 

aqua t ic organi sms con sumed by Amer icans i s  calcula ted to be 3 1 , 2 0 0 . 
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H igher BCF values apparently can be ac h i eved in f ield expo

sur es ( Ha i le , e� al . 197  5 :  Nor stro� ,  e t  al . · 197 6 :  Duke , et a l .  

19 7 0 ; Nimmo , e t  al . 19 7 5 ;  Ve i th , . 19 7 5 ; Ve i th ,  e t  al . 197 7 ) , but 

those values cannot be cons idered quan t i tat ive because the exposur e 

of the organ i sm cannot be adequately documented and integ ra ted over 

a long enoug h per iod of t i me .  

In order to est i�ate human d i e tary PCB in take , the FDA con-

duc ts  a cont inu ing survey of the total d ie t .  Compos i te s  of 1 2  d i f 

ferent food categor ies are analyzed for PCB content . Table 4 sum-

mar i ze s  the results of' the survey from 19 7 1  thr oug h the f i r s t  hal f 

of 1975 . Wh i le con taminat ion was observed in mos t  categor ies in 

19 7 2 , the number of pos i t ive categor ies had dropped by 19 73 . I n  

1 9 7 4  and 1 9 7 5  only meat ,  f i sh , and poultry wer e:! observed to contain 

PCBs ; f i sh was almo s t  ,always the contr ibutor o J� pos i t ive results in 

that category ( Jel i nelt and Cor nel ius sen , 19 7 6 ) . Mos t  of the con-

tam inat ion noted in the other categor ies iil earl ier years was 

though t  to result  f r •:>m exposure dur i ng proc:es s i ng or packag ing 
' 

because the raw foods were rar ely found to con tain PCBs . Total 

d a i ly intake , calculated from the compos i te f igures for a young 
' 

adul t male over the per iod 1 9 7 1-7 5 , i s  surrumar i zed in Table 5 .  

Total da ily intake d ropped by almost S O  perc•nt over the pe r iod , 

but intake in  the meat- f i sh-poultry category changed very l i t tle . 

By 19 7 4 , almos t all of: the di etary intake resu lted from the inges-

t ion of PCB-contam inated f i s h .  The mea.sures taken i n  the early 

1 9 7 0 ' s to l imi t the 1: elease of PCBs i n to the:! env i ronmen t and to 

remove them from food . process ing envi ronments' ef fect ively reduced 

d i rect  contam i nat ion of foodstuffs to a min imum level . The pe r s is-
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F i scal 
Year 

1 9 7 1  

19 7 2  

19 7 3  

1974  

19 7 5  ( 1s t  

TABLE 5 

Est imates of Dai ly PCB Intakes* 

( Total Diet Study - Teenage Male)  

hal f )  

Aver age Da i ly Intake of PCBsa 

Total D i e t  Meat- f i sh-poultry 
( µg/day) Food Class ( µg/day ) 

15 . 0  9 . 5  

12 . 6  9 . 1  

13 . l  a . 7  

a . a  a . a  

a . 7  8 . 7  

aLower l im i t  of quanti tat ive repor t i ng = 0 .  O �i ppm w i th analyt
ical method employed 

*Source : Jel i ne k  and Cornel i ussen , 1 9 7 6  
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tence of PCBs in  aquatic env i r onments and in f i sh . has m� i n tained a 

res idual d ietary exposure level . Fur ther reduct ion of PCB levels 

in the diet  w i ll req u i r e  that entry of PCBs into waterways be more 

t ightly controlled and tha t mon i tor ing of f i sh and othe r foods fo r 

PCB con tamination be conti nued (Jel inek and Cor nel ius sen , 197 6 ) . 

The recently recommended reduct ion of allowable PCB leve1s in  f i sh 

to 2 . 0  ppm may fur ther reduce d i etary intake ( 4 2  FR 1 7 4 8 7 ) . 

Two spec i al s i tuat ions which mus t be avo ided to prevent un

necessary PCB inges t i on should be ment ioned . F i r s t , �cc idental 

contam i nat ion of foods tuff s  or feeds w i th PCBs mus t be avo ided . 

Al though PCB manufacture i s  now s topp ing and d i str i bution will 

cease in  the near futur e ,  many PCB-contain ing products rema i n  in  

service . Fai lure to exerc i se care in the ma intenance and di sposal 

of these un i t s  could result in the contam inat ion of food or water . 

The trag ic results of the ep isode of r ice o i l  contaminat ion . .  in  

Japan ( Kuratsune , 19 7 2 )  prov ides ample ev idence of the need for 

care and con t i nued surve i llance of foods . Second , although occupa

t ional exposure to PCBs w i ll decl ine ove r the next several year s ,  

the pos s i b i l i ty of food contam inat ion as a consequence of transfer 

from wor ker s '  tools  or clothi ng mus t be cons ider ed as a poss ible 

route of d i etary exposure . 

Inhalat ion 

PCBs can enter the atmospher e by vapor i zat ion and may be found 

in e i ther gaseous form or adsorbed to a i r borne par t iculates . Pr ior 

to the restr ict ion of PCB use , subs tant ial losses to the atmosphere 

resulted from evapor at ion of plast icizers  and from improper inc in

e r a t ion .  I n  19 7 2 , ter restr ial input from fallout was est ima ted to 
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be 1 , 0 0 0  to 2 , 0 0 0  tons/year . Annual emi s s ion rates were est ima ted 

at l f SO O  to 2 , 5 0 0  tons ( N i sbet and Sarof i m ,  197 2 ) . In 19 7 5 , a s tudy 

of PCB content in a i r  in subur bari ar eas irt Flor ida and Color ado 

ind icated tha t average atmospher ic levels wer E! c:ipprox imately 10 0 

ng/m3 ( Kutz  and Yang , 19 7 6 )  • Rates of fallout, along the southern 

Cal i forn ia · coast we re est imated to average 1 , 8 0 0  kg/year ove r a 

5 0 , 0 0 0  km2 area ( Young , e t  al . 19 76 ) . The d i s tr ibution of PCBs in 

a i r  is nonun i form ,  be ing mor e  h ighly concentrated in urban areas . 

The aer ial fallout su1:vey in southern Cal i foim i a  ind icated that 

sector s in the urban areas around Los Angeles bad fallout rates of 

up to 180  kg/yr , whi le less i ndustr i a l i zed sector s had rates as low 

as 3 0  kg/yr . A s tudy of PCB levels in soi l  samples showed that they 

were rarely detec table in ag r icultural so ils but were found in 6 3  

percent o f  urban samplt!S from 1 9  c i t ie s  (Carey and Gowan , 19 7 6 ) . 

General human exposure to inhaled PCBs probably var ies w i th the· 

local cond i t ions . In relat ion to the 9 µg/dc!Y intake est ima ted 

f rom the d i e t  ( Jel i ne lc and Corne l i us sen , 19 7 6 ) , nonoccupational 

expo sur es by inhalat ion are probably small .  

Wh i le inhalat ion C>f PCBs i s  not and mos t  l i kely will not be a 

major route of  general human exposure ,  i t  i s  a h ighly s igni f ican t 

r ou te of occupational exposure . Early i n  i t :s c:omme rcial use an 

assoc iat ion was obser1ied between occupat iona.l exposure to PCB 

vapor s and chloracne (Jones and Alden , 1 9 3 6 : Schwar tz , 193 6 ) . The 

benef i ts of control l i n9 leaks from closed sysfems into wor k  env i 

ronments were noted b y  'Me igs , e t  al . ( 19 54 ) . 

A s tudy of occupat::ional exposur e in Japan found PCB vapor s a t  

levels be tween 13  and 5 4 0  µg/m3 and a i r borne par t iculates between 4 
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and 6 5 0  µg/m3 in a survey of s ix industr ial plants . An add i t ional 

f ind ing of 6 ,  2 7 0  µg/m3 PCB par t iculates was assoc iated w i th a 

spi ll .  Blood PCB levels of 9 9  exposed wor kers averaged 3 7 0  ppb as 

compared to leve ls in 32 controls of 2 0  ppb { Hasegawa , et a l .  

1 9 7 2 } . Ouw , et  a l .  { 19 7 6 )  observed Aroclor 1242 levels be tween 

2 . 22 and 0 . 3 2 mg/m3 in d i fferent areas of: an electr ical equ ipment 

manufactur inq fac i l i ty in  Austral i a .  Blood Aroclor leve ls were 

analyzed by gas chromatogr aphy , and fract ions wi th several reten

t ion t imes s tandard i z ed aga inst  Aroclor 1 2 4 2  wer• detected in ex

posed worker s .  Workers  in an impregnat ion room where .inhalat ion 

was a major mode of exposure had h iqher levels of PCBs than did 

workers  in another area where exposure was pr imar i ly derma l .  A 

ser ies  o f  3 0  control ind iv iduals was not found to have detectable 

PCB levels . The l imi t of detect ion in thi s  study was not repor ted : 

however , F inklea , e t  al . { 19 7 2 ) repo r ts Amer ican control populat i"on 

blood leve ls of 0 . 3 to 3 ppb . 

I t  is  d i f f i cult to d i f ferenti ate between industr ial exposure 

by i nhalat ion and dermal absorpt ion ( see Dermal sect ion) . An imal 

s tud ies do ind icate that animals exposed to PCB aerosols show raoid 

increases in l iver PCB levels . Exposure to Pydranl A 2 0 0  for 15 

m inutes resulted in the accumulat ion in the liver of SO  percent of 

the PCBs accumulated a fter two hour s ( Benthe , et al. 197 2 ) . The 

lung appear s to be a good s i te of absor�tion , and cer tain occupa

t ional env ironments conta in s ign i f icant levels of a i rborne PCBs . 

The National I ns t i tute for Occupational Safety and Health has re

cen t ly proposed an occupat ional exposure limi t o f  1 . 0  ug/m3 on a 

t ime we ighted aver age 10 -hour day , 4 0 -hour week bas is ( T:>TIOS'F. , 
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19 7 7 ) . Assuming a t id;:i.l a i r  volume of 10  m3 in an eigh t-hour day 

and 1 0 0  percent absorpt ion , the result ing dose at th i s  exposure 

leve l would be 1 0  ug/day . 

De rma l 

Dermal ex9osur e ,  like inhalat ion exocsu r e , i s  a par t icu la r ly 

s ign i f icant route in the occupat ional sett ing . Wi th the restr ic

t ion of  PCB uses to sealed sys tems , the use of PCBs in oroducts to 

wh ich the publ ic might be exposed has dec l ined markedly , reduc ing 

oppo r tun i t ies  for genetal  exl;)osur e .  Past uses o f  PCBs i n  carbon

less copy paper , pr int•:!r ' s  ink s ,  and other -prc1ducts p robably con

tr ibuted to general PCB exposures . Documented exnosures are lar q e

ly occupat ional as ex.empl i f ied by the resul.ts of Ouw , e t  al . 

( 19 7 6 ) . The autho r s  n()ted that one gr oul;) of eml;)loyee s  was largely 

exposed through skin  contact and had s ign i f icantly e levat�d b lood 

PCB leve ls . 

I n  a var iety of animal s.tud ies  dermal appl ication of several 

PCB-contain ing mater i als has Produced both local and systemic ef

fects includ ing liver degenerat ion and death (�i ller , 1944 : Par i 

bok , 1954 ; Vos and Beems , 197 1 ) . In neonatal 1�ats treated by sk in  

app l i cat ion wi th PCB s , a 5 - to 1 0 - fold increae1e in aryl hydrocar

bonhydr oxylase _ act i v i t� occurred in l ive r , sk in , lung , and k idney , 

ind icating s ign i f icant .d i s tr ibut ion to these t i ssues a f ter exposu r e  

b y  th i s  route ( B icker s ,  1 9 7 6 ; B icker s ,  et  a l .  197 5 ) . 

The rela t i ve contr ibut ions of var ious routes of exposure can 

be expected to vary widely . Occupat ional expo1sures are by far the 

most severe  w i th inhala t ion and skin  contac t be ing the maj or routes 

of absorpt ion . A notewor thy by-product of occ:upat ional PCB expo-
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sure i s  the elevated r i s k  of exposure among other member s  of wor k-

e r s ' famil ies . An epidem iolog ical s tudy in Bloomington , Indiana .;. 

r evealed s ign i f icantly eleva ted serum PCB levels among a group of 

18 occupat ionally exposed worker s (mean 7 1 . 7  ppb ) and a sl ight ele

vat i on among 19 members of the i r  fam i l i e s  ( near 3 3 . 6  ppb) as com

pared to background levels  ( 5  to 2 0  ppb ) (McCloskey , e t  al . 197 8 ) . 

The general publ i c  i s  widely exposed to PCBs but at much lower 

levels and pr imar i ly through the diet . F i sh l i v ing in contam inated 

waters  are by far the largest contr i butor s to dietary PCBs ( Jel inek 

and Cornel i us sen , 1 9 7 6 ) . 

PHARMACOKINETICS 

Absorpt ion 

The e f f i c iency of PCB absorpt i on in ·the gut of rats was shown 

to be between 9 2  to 9 8 . 9  percent (Albro and F i shbe i n , 197 2 ) . Ne i 

ther the deg ree of  chlor ination (mono-hexachlorob iphenyl ) nor the 

dose i ngested ( 5  to 10 0 mg/kg )  mar kedly af fected the eff ic iency of 

the uptake . Matthews and Ander son ( l9 7 5 b )  obser ved a redµced accu

mulat ion of PCBs in adipose t i s sues of rats exposed orally as com

pared to intravenous ( i . v . ) injec t ion . The d i f ferences , were  more 

pronounced w i th b iphenyls of  low chlor ine content and wer e  thought 

to be related to route of absorpt i on and metabol i c  rates , rather 

than to the over all eff ic iency of tran spor t across the gut . Ab

sorpt ion v ia the gut was also very ef f icient in adult  Rhesus mon

keys , 9 0  percent of  a s ing le dose of 1 . 5  or 3 . 0  g/kg Aroclor 124 8 

being absor bed f r om the gastrointestinal tract (Allen , et al . 

19 7 4 a ) . 
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Ef f ic ient abs6rpt ion via inhalation has been demonstr ated in 

rats  by Benthe , e t  al . ( 19 7 2 ) . 

In humans , absorpt ion via the intes t i ne has been bes t  i llus-

tra ted by the Yusho Japan inc ident in 19 6 8 . Among ind iv iduals 

inges t i ng less than 7 2 0  ml of contam i nated r ice br an o i l  ( equiva-

lent to 1 . 5  to 2 . 2  g Kanechlor 4 0 0 ) , 3 9  pe rcen t developed seve r e  

symptoms and a n  add i t ional 4 9  pe rcent developed moderate symptoms 

of PCB intox icat ion . 'rhe lowes t level of PCB ·. ingest ion in an af

fec ted ind iv idual was 1 est ima ted to be 0 . 5  g :  ( Kuratsune , e t  al . 

19 7 2 ) . Abso rpt ion v i a  the respi ratory trac t  and s k i n  i s  also e f f i 

c ient a s  ind icated by occupational exposures whe re ef fects o f  PCB 

exposure can be detec ted even at  dose s too low to produce pa thology 

( Alvares , e t  al . 197 7 ) . 

D i s t r i but ion 

PCBs g i ven to rats by i . v . inj ec t ion ai�e  removed f rom th.� 

b lood rap idly and s tored i n i t ial ly in the l iver and muscle . · W i th 

t ime they are red i s t r ibuted pr imar i ly to sk in and adi pose t i ssue 

( Ma t thews and Ander son. , 1 9 7 5 b ) . The degree · to which · PCBs are 

s tored or  excre ted depends on the i r  suscept i b i l i ty to metabol i sm 
' 

and , ther efore , on the degree of chlor inat ion . and ava i labi l i ty of  

adj acent unsubs t i t uted car bons . T i ssue level i; of mono- , di- , 

penta- and hexach lorobiphenyls in rats g iven a � i ngle inj ected dose 

at 0 . 6  mg/kg were determ i ned by Matthews and Ander son ( 19 7 5 b ) . The 

max imum doses accumulated in eac h t i s sue inc r e�ased w i th degree of 

chlor ination as d id the half- l i fe in each t i s :;ue . The pr opo r t ion 

of · total PCBs present in t i s sues as met�bol i t.es was greates t for 

the mono- and d i chlor;ob iphenyls . Hexachlorob iphenyls in t i ssues 
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were largely unmetaboli zed . The d i str i but ion of PCBs in ad ipose 

t i s sue prov ides a useful example of the relat ive accumulat ion of 

d i f ferent i somer s .  T issues were examined for up to 42 days 1 a sum

mary of the results i s  pr esen ted in Table 6 .  

A s imilar pattern was obser ved in sk in , w i th up to 2 2  percent 

of the hexachlorobiphenyl dose being accumulated there at l day and 

res i dual levels around 15 percent remain ing at 4 2  days . 

S ingle i ntravenous dose s of 0 . 6 or 6 . 0  mg/kg of 2 , 4 , 5 , 2 ' , 5 ' 

pentachlorob iphenyl were cleared f rom the blood in ten minutes and 

i n i t ially depos i ted in l iver and muscle . They wer e  subsequen tly 

t r anslocated to ad ipose t is sue and sk in as depos i tor ies (Matthews 

and Anderson , 1975a) • 

A s i ngle admin i strat ion of approx imately 5 0 0  mg/kg of 

2 , 5 , 2 ' , 5 ' -tetrac hlorobiphenyl to rats resulted in a s im i lar d i s tr i

buti on w i th adipose , s k i n , and blood being the s igni f icant storage 

depots a f ter  24 hour s (Van Mi l ler , et al . 197 5 ) . 

The s ign i f icance of chlor ine pos i t ic:>n as well as number was 

addressed i n  a s tudy of the pharmacok ine t ics of 3 , 5 , 3 ' , 5 ' -tetra

c hlorobiphenyl ( TCB ) by Tuey and Matthews ( 19 77 ) . The arrangement 

of chlor ines on thi s  molecule results i n  the absence of adjacent 

unsubst i tuted s i te s . The pattern of d i st r i but ion of the compound 

follow ing a s ingle i . v . i n j ec t ion of 0 . 6  mg/kg was s im i lar to that 

observed i n  ear l i er stud i e s  (Matthews and Ander son , 197 Sa , b )  w i th 

ad i pose t is sue and s k in becoming the major long term s torage s i tes . 

However , loss of 3 , 5 , 3 ' , 5 ' -TCB was slower than earl ier  observed for 

2 , 4 , 5 , 2 ' , 5 ' -pentachlorob iphenyl ( see Table 6 )  w i th the maximum ad i

pose t i ssue load reach ing 5 2 . 9  percent of total dose on 
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TABLE 6 

S torage of PCBs in Ad ipose T i ssue i n  Ra ts* 

(Va l ue s  are Percent o f  Total Dose 0 . 6  mg/kg ) 

T ime o f  
Max imum Max imum 

C l- n  .. oA .., '-...., ... ..... � 

1 1 . 6 3  + 5 . 6 4 1 h r  

5 2 . 7 5 + 1 4 . 9 9 2 h r  

2 3 . 54 + 3 . 0  1 day 

8 5 . 18 + 2 1 . 6  4 2  days 

*Sou r ce : Ma tthews and Ander son , 1 9 7 5 b  
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day 4 and the r�s idual on day 7 rema in ing at 4 5 . 4  percent . The 

d i s tr i but ion of several tetrachlor ob iphenyl isomer s in ··mice · was 

analyzed by Mi zutan i , et al . ( 19 77 ) . In all cases the accumu lation • 

of the compound was greater in the ca rcass  than in the l iver . A 

tendency for those i somers w i th adj acent unsubst i tuted car bons to 

be r ap idly cleared was observed . 2 , 6 , 2 ' , 6 ' -TCB was very rap idly 

cleared from carcass and liver , and 2 , 3 , 2 ' , 3 ' -TCB was cleat ed fair

ly r ap idly . However , 2 , 4 , 2 ' , 4 ' -TCB was more res i stant to removal 

than 3 , 5 , 3 ' , 5 ' -TCB , wh ich might not be ant ic ipated on structural 

ground s . The half-l i fe in  the carcass of the forme r  was 9 . 2  days 

but only 2 . 1  days for the latter . The degree of accumulat ion of the 

i somer s was assessed by the introduct ion of an index r eferred to as 

a s torage ratio ( the da i ly amount enter ing s torage/daily oral in-

gest ion) . By th i s  measure 3 , 5 , 3 ' , 5 ' -TCB and 2 , 4 , 2 '  , 4 ' -TCB wer e  

s imilar w i t h  ind ides o f  0 . 7  and 0 . 6 ,  respect ively , wh ile . the moi� 

read i ly metabol i zed 2 , 3 , 2.' , 3 ' -TCB had an index of  0 . 0 6 .  

The d i str i but ion of 2 , 5 , 2 ' , 5 ' -TCB in  infant Rhesus monkeys was 

determined after a s i ng le dose of tr i t iated TCB ( 5 0 0  mg/kg ) . At 7 2  

hou r s  the d i str i bu t ion d i ffered from that i n  rats i n  that the label 

was mor e  w idely d i sper sed in the monkeys . Blood levels were lower 

than observed in  rats , and the maj or s torage depots were bone mar 

row , adrenal g land s , and s k in .  Mos t  of the labeled mater ial was 

assoc iated w i th macromolecules , although i t  was largely extractable 

and not covalently bound (Hsu , et al . 19 7 5 a ) . 

Di str i but ion of PCBs in  the human body has not been the sub-

j ec t  of sys tema t ic exper imentat ion . Data avai lable from gener al 

population surveys ind icate that gener al patterns of di str i but ion 
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a r e  cons i s tent w i th those found in other an imals . When detected i n  

the adipose t i s sue of  , the general populace , PCB levels a r e  around 1 

mg/kg (Yobs , 19 7 2 ;  Kutz and S trassman , 1976 ; ' G1: an t ,  'e t al . 1976 ) • 

Plasma levels de tectt!d  in  the gene r al populacE! are two to three 

order s of  magni tude . lower than ad ipose levels ( F inklea , et al . 

197 2 ) . S im i larly,  Yusho pat ients exh i b i ted . a  10 0 - to 1 , 0 0 0 - fold 

g reater concentrat ion in the fat of s k i n , l i v1!r and in ad ipose t i s-

sue than i n  plasma . Over  several year s bot.h the fat and plasma 

levels  wer e  observed to decl ine to near normal levels ( Kur atsune , 

e t  al . 197 6 ) . The PCBs found in human ad ipos.e t i s sues in the u.s. 
I 

chromatog raphically resemble Aroclor 1254 and 1 126 0 , suggest ing tha t 

less chlor i nated i some r s  found in Aroclor 1 2 4 8  are preferent ially 

excre ted ( Kutz  and S t r assman , 1976 ) . 

Metabol i sm 

The metabol i sm oJe PCBs has been stud i ed e�xtensively in sever al 

organi sms . A detai led review of PCB metabc)li sm was wr i tten by 

S unds trom , e t  al . ( l9 7 6 a ) . Rather than attempt to treat the sub-

j ec t  exhaus t ively , thl·s sect ion will summar i ze. the maj or character

i s t ics of PCB metabol i sm wh ich relate to the i � d i str i but ion , accu

mulat i on , tox ic i ty ,  a1:id poss i ble mechani sms o � c:arc inogenici ty . 

The metabol i sm of  PCBs depends on the i r : cnlor ine content and 

the s i tes of chlor i nat ion on the biphenyl ( S undstrom ,  e t  al . 19 7 6 a ; 

Lut z , et al . 19 77 ) . Wh i le the over all mechani sms of me tabo l i sm 

appear to be s imi lar :in mos t  ver tebrates exam ined , the capac i ty to 

metabol i ze PCBs dec l i nes f rom mammals to b i rd:s t:o f i sh ( Hutz inger , 

et al . 1 9 7 2 ) . Eluc idat ion of PCB metabol i sm has been made poss i ble 

by the use of i nd i v idual pur i f ied i somer s .  Pr�dominantly , the pro-

C - 2 5  



ducts of PCB metabolism at all levels  of chlor inat ion are b iphenyl

ols , b iphenyld iols , and d ihydrod ihydroxyb iphenyls , although the 

types and propor t ions of spec i f ic me tabolites varv in d i f ferent 

spec ies . A few b iphenyltr iols and methoxy der ivat ives have also 

been obse rved ( Sundstrom , et  a l .  1976a) . 

The s tructures of several PCB metabolites support the forma-

t ion of ar ene ox ides as intermed iate s .  The f i r s t  evidence for the 

format ion of arene ox id� intermed iates was obta ined by Gardener , et 

a l .  ( 19 73 ) . They i solated trans-3 , 4-d ihydroxy-3 , 4-d ihydro-

2 , 2 1 , S , S ' -tetrachlorobiphenyl as a metabol ite of 2 , 2 1 , S , S ' -tetra

chlorobiphenyl in rabb i ts . More d i rec t  ev idence for the format ion 

of arene ox ides was obtained by Safe , et al . ( 19 7 5 , 1976 ) . In r ab

b its  and f rogs the b iohydroxylat ion of 4-chlorob iphenyl was inves

t igated us ing 4 1 -2H-4-chlorob iphenyl . The ma� or metabol i te , 
. .  

4 ' -chloro-4-biphenylol , reta ined 7 9  percent of the label wh ich i s  

cons i s tent w i th arene ox ide format ion ( Da ly , et a l .  197 2 )  , The sub

sequent i somer i z at ion of the arene ox ide results in the migrat ion 

of the deuter i um atom from the ult imate s i te of hydroxylat ion to 

the adfacent carbon , an NIH sh i f t .  Oaly , et al . ( 19 7 2 )  cons ider 

the NIH sh i f t  of labeled hydrogens ,  halogens or alkyl substi tuents 

to be ind icat ive of enzymatic arene ox ide formation .  A subsequent 

hydroxylat ion to 4 ' -chloro-3 , 4-b iphenyld iol resulted in the loss of 

half the r ema i n ing deuter ium ,  sugqesting a d i r ect hydroxylat ion 

rather than a second arene ox ide format ion ( Safe,  et a l .  197 5 ) . 

4 ,  4 ' -Dichlorob iphenyl produced three metabolites in the rabb i t :  

4 , 4 ' -d ichloro-3-b iphenylol , 3 ,  4 ' -d ichloro-4-b ip,henylol ,  and 

4 ' -chloro-4-b iphenylol . These products are cons i stent w i th a mech-
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an i sm involv ing 3 , 4-arene ox ide forma t ion fol lowed by epox ide r ing 

open ing . Ei ther a 1 , 2-halogen sh i ft ,  w i th or w i thout halogen el im

inat ion upon tautomei: izat ion , or 3 -ol format ion a fter arene r i ng 

cleavage would produ�e the ult ima te products ( �afe , et a l .  1976 : 

Sundstrom , et al . 1 9 '7 6a ) . The reac t ions ar.e di agrammed in F ig-

ure 2 .  Other examples of PCBs for wh ich mE!tabo l ic pathways are 

cons i s tent w i th ar ene oxide format ion includa 2 � 2 ' , 4 , 4 ' , 5 , 5 ' -hexa

chlorob iphenyl in rablb i ts ( S unds trom ,  et al . l�9 7 6 b )  and 4-chlorob i

phenyl and 4 , 4 ' -d ichlorob iphenyl in rats ( Hass , et al . 1 9 7 7 ) . In

fant Rhe su s  monkeys . fed 2 ,  5 ,  2 '  , 5-tetrachlor<,b iphenyl excreted 

d i hydr oxy , d i hydr od ihydr oxy , and d ihydrot r ihydroxy der ivat ives in 

ur ine ( Hsu , et al . 19 7 5 b ) . 

The K r eg ion epc>x ides of polyaromat i c  hydrocarbons are known 

to b ind to nuc le ic a<: ids in v i tr o  (Grover ari1d S ims , 197 0 )  and in 

cultured mammalian cells ( Grover , et al . 197 5 ) . Fur thermore , they 

are capable of tr ans formi ng cells in cultui:: e ( Huberman , et al . 

19 7 2 )  although the i r  s i�n i f icance in tumor induc:t ion in animals i s  

in doub t  (Gr over , e t  a l .  19 7 5 ) . I t  has been sugges ted that ar ene 

ox ide metabo l i tes of PCBs may reac t  w i th nucl!!ophi l ic s i tes in D�A 

and other macr omolecuies and that alkylat ion ,of cr i t ical s i tes may 

be involved i n  the induct ion o f  tumo r s  ( Allen and Norbac k ,  1977 ) . 

Excret ion 

The pr imary routes o f  PCB exc r e t ion aire  b i le ( observed i n  

fece s )  and ur ine . Excret ion i s  closely coupled to me tabol ism .  In  

rats less  than ten percent of excre ted PCB s were unme taboli zed 

( M:a t thews and Anderson , 19 7 5b ) . The rate and' e i: f ic iency of excre

t ion we re highly de·pendent upon the degree j of chlor inat ion and 
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Metabolic Pathways for 4 , 4 ' -d ichlorob iphenyl in the Rabbit 

Source : S unds trom ,  et al . 1976a 
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str uc ture . Ur inary eJC:cret ion of PCBs accounte1d for the removal of 

5 9 . 8 ,  3 3 . 9 ,  7 . 6 ,  and 0 . 7  percent of total dose of mono- , di- , 

penta- , and hexachlorobiphenyl , respec t i vely . Over 6 0  percent of 

ur i nary excretion occur red within the f i r s t  24 hour s and all ur i

nar y  excret ion ceased by the n inth and four t h  days , respect ively , 

for penta- and hexachlorobiphenyl (Matthews and Ander son , 19 7 5 b J . 

All the 2 , 4 , 5 , 2 ' , 5 ' -pentacnlorobiphenyl excreted in ur ine by ra ts 

was in the form of a 9lucuron ide con j ugate of a metabol i te ( Chen 

and Matthews , 1974 ) . Wh i l e  ur inary excret ion usually ceases wi thin 

a f ew days , b i l i ary excretion continues for ar1 extended per iod . 

The relative contr i bution of b i l i ar y  excre t ion to the eliminat ion 

of PCBs i ncreases w i th chlor ination . The k inE� t ics of excr e t ion of 

mono- and dichlorobiphenyl are monophas i c  while the e l imination of 

penta- and hexachlorc1biphenyl is b ipha s ic . '. Wh i le 90 per cent of 

PCBs up to pentachloi:·obiphenyl wer e  excreted � in  4 2  days or less , 

hexachlorob iphenyl was largely r etained in  the t i s sues of the ani 

mal. . Extrapolation c>f the excret ion data indicated that only 20 

percent o f  2 , 4 , 5 , 2 ' , 4 ' , 5 ' -hexachlorob iphenyl would ever be excr et

ed (Matthews and Anden: son , 197 S b) . The absenj::e of adj acent unsub

s t i tuted carbons gr eatly decreased excretion .as would be expec ted 

f rom the eff ec t s  c>f struc ture on stor a.9e and metabol ism . 

3 , 5 , 3 ' , 5 ' -Tetrachlorob iphenyl ( TCB) i s  excr eted at about the same 

rate as 2 , 4 , 5 , 2 ' , 5 ' -pentachlorobiphenyl (Tuey and Matthews , 19 7 7 : 

Matthews and Ander son , 19 7 5a ) . Wh i le the half-l i fe in fat for 

2 , 5 , 2 ' , 5 ' -TCB was abc>ut 33 hours at 5 0 0  mg/kg dose in rats (Van 

Mi ller , et al . 1 9 7 5 ) , the half-l i fe for 3 , 5 , 3 ' , 5 ' -TCB was 12 to 15 

days at  dose levels  oJE 0 .  6 mg/kg in rats ( Tue�· and Matthews , J.9 77 ) • 
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The h a l f-l i ve s  of the ind i v idual PCB i some r s  in the rat may be 

approx ima ted by the fecal half-l ive s , wh ich ar e 1 5 . 7  and 22 . 2  hour s 

for mono- and d ichlorob iphenyl , respect ively . Penta- and hexach lo

rob iphenyls e l im inat ion is b ipha s ic , w i th f i r s t  and second compo

nent hal f - l i ve s  o f  3 9 . 2  and 2 1 1  hou r s  for pentachlorob iphenyl and 

4 9  and 6 4 2  hou r s  for hexac h lorob iphenyl ( Ande r son , et al . 197 7 ) . 

Because only 2 0  percent o f  the hexachlorob iphenyl i s  ult imately ex

creted , i ts hal f - l i fe i s  ind e f i n i te . 

Ra tes of e l iminat ion of a ser i e s  of tetrachlorob iphenyls ( TCB ) 

in m ice were determi ned by M i zu tan i ,  e t  a l . ( 19 7 7 ) . Hal f- l i ves for 

TCB i somer s  in l iver and the carca s s  r ainqed from 0 . 9 , days for 

2 , 3 , 2 ' , 3 ' -TCB to 9 . 2  and 7 . 8  days for the loss of 2 , 4 , 2 ' , 4 '  from 

carcass and l i ver , r e spec t ively . S t r uctur�! d id not i n fluence el im

inat ion a s  mar kedly a s  i n  the r a t . 3 , 5 , 3 ' , 5 ' -TCB had half-l ives of 

2 . 1  and 2 . 2  days i n  carca s s  and l iver . However , s t imulat ion of 

metabol i sm by the add i t ion of phenobar b i tol d id i nc r ease the rate 

o f  e l imina t ion o f  2 , 4 , 2 ' , 4 ' -TCB mor e  than 3 , 5 , 3 ' , 5 ' -TCB . The auth

or s concluded that the r ate-l im i t i ng s t ep in the e l im i nat ion of the 

i somer s  was r e lease from s tor age in the t i s;sues of the. mouse rather 

than metabo l i sm .  

Two d i f fe r ences b e tween the e l im inat ion o f  2, , 5 ,  2 ' , S ' -'t'CB i n  

i nfant Rhe s us monkeys and r a t s  may b e  o f  interest in evaluat ing 

human metabol i sm .  S i ngle doses o f  5 0 0  mg/kg to r,ats resulted in 

tota l  e l im i n a t ion of about 76 percent ( 6 6  pe rcent fece s ,  1 0  percent 

ur ine ) in 72 hou r s  (Van '"ti ller , et a l .  197 5 ) . In pr ima tes only one 

percent of the s ame dose was e l iminated in feces and two percent in 

ur ine a ft e r  72 hou r s  ( Hs u , e t  a l . lq 7 5a ) . In add i t ion , the major 

exc r e ted me tabo l i te in r ats appeared to be 3-hydroxy TCB , wh i le a 
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d ihydrod iol. TCB pr edom:inated in monkeys {Van l� i l. le r ,  e t  al . 19 75 ; 

Hsu , e t  a l .  197 5b)  • 

A f inal comment c:m the pharmacok inet ics 1of PCBs mus t  be ad

dr essed to transplacent:al and transmammary movemel'lt .  Tran splacen t

al uptake of PCBs by a fetus has been documentec� in  mice (Masuda , e c  

al . 1 9 7 8 ) , rats (Cur leiy , e t  al . 19 7 3 ) , Rhe sus monkeys (Al len and 

Barsot t i , 1976 ) , and humans ( Yosh imur a ,  197  4 )  . · J: n mice , transpla

cental and transmammary uptake of PCBs wer e  c:tpprox imately 0 . 1  to 

0 . 2  and 20 to 3 5  percient of total dos e , respE!ct i vely (Masuda , ·  et 

al . 19 7 8 ) . S im i lar values wer e  observed in rats (Mi zunoya , e t  al . 

1 9 7 4 ) . Female monk eys; consum i ng 2 . 5  ppm Aroc lor 1254 transferred 

enough v i a  breas t m i l k  to produce sever e hyper:�last ic gastr i t i s  in 

nurs i ng i nfants (Allen ' and Bar sot t i ,  1 9 76 ) . l�ecently,  a pr el imi

nary mathemat ical model of PCB d is tr i but ion in rats has been pro

posed ( Lutz , et al . 1977 ; Ander son , et al . 1977 ) . 

I t  should be note:d that mos t  of the labc•ratory s tudies d i s

cus sed above have been per formed with pure i somer s ,  wh i le tox ic i ty 

s tud ies and envi ronmei:'ltal exposures involve commerc ial mi xtures 

w i th pos s i ble d i benzofuran contam ination .  I n  ,add i t ion , commercial 

mi xtures tend to contain asymmetr ical polychlor inated biphenyls 

( NIOSH , 1 9 7 7 ) . 

The pharmacok ine t ics of PCBs can be summar i zed w i th the fol

low ing points : 

1 .  They are read i ly absorbed through the gut , i  CE!sp ir atory system , 

and s k i n . 

2 .  They may i n i t i ally concentrate in the l iver , blood , and muscle 

mas s ; but long- tet:m s torage in mammals is pr imar i ly in ad ipose 

t is sue and s k in .  
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3 .  The maj or metabol ic produc ts of PCBs are phenolic a.er ivatives 

or dihydrod iols wh ich may be formed throug h pathways w i th 

arene ox ide intermed iates or by di rect hydroxyla t ion . The 

suscept i b i l i ty of ind i v idual PCB i some r s  to metabol i sm is a 

func t ion of the number of chlor ines present on the biphenyl 

and the i r  arrangement .  B iphenyls which have one or more pa i r s  

of adj acent unsubst i tuted carbons a r e  more rapidly me tabol i zed 

than those wh ich do not .  

4 .  PCBs wh ich are read i ly me tabol i zed are also rapidly excreted 

in the ur ine and b i le .  Excret ion i n. ur ine i s  mos t  prominent 
' 

for the least chlor inated , wh i le b ile becomes the more s igni f-

ican t route of excret ion for mor e  h ighly chlor inated i somer s .  

S .  Those i somers  wh ich are mos t  refrac tory to metabo l i sm accumu-

late for increas ing per iods of t ime in fatty t i s sues . Highly 

chlor i na ted i somers  are accumulated almos t inde f i n i tely . 

6 .  PCBs can be transf e r red e i ther transplacentally or in br east 

mi lk . 

7 .  Nonhuman pr imates may retain PCBs more e f f ic iently than 

rodents .  

EFFECTS 

Acute , S ubacute , and Chron ic Tox ic i ty 

Seve r al reviews of the tox ic ef fects  of PCBs in an imals and 

man have appear ed i n  recent year s ( K imbrough , 19 74 ; F i shbe i n , 1974 ; 

Peakal l ,  19 7 5 ;  K imbrough , e t  al . 19 7 8 ; Cor dle , e t  al . 197 8 ;  NIOSH , 

1977  ( wh ich i s  par t icula r ly recommended for human ef fec ts ) ] .  Th i s  

sect ion w i l l  attempt to h ighlight the mc:>s t s ignif icant tox ic ef

fects obser ved in an imals and man , but w i. 11 not seek to • be compre-

hens ive . 
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The acute oral and de rmal Ln5 0 s for PCBs. in rats , m ice , and 

r abbi ts are g iven in T<!bles 7 , 8 ,  and 9 .  In  the class·i f icat ion by 

the Amer ican Industr ial Hyg iene Assoc i a t ion ,  the PCBs are sl ightly 

tox ic or almos t  non to1x ic ( Hodge and S terner � 194 9 } . In rats , 

Br uckner , et a l .  ( 19 7 3 } observed a 1 4 -day to5 0  b f  4 . 2 5 g/kg . Tox ic 

e f fects of h igh doses of  Aroclor 1 2 4 2  inc luded d i arrhea , chromo

acryor rhea , loss of  bo�y we ight , unusual s tance and ga i t ,  lack of 

response to pain s t imul i , and terminal atax i a .  CNS deter iorat ion 

and dehydration were thought to be contr ibut ing factor s .  R i s to

patholog ic changes were observed only in l iver and k idney . Miller 

( 194 4 } found the guinea pig mos t  sens i t ive to �.roclor 1 2 4 2  followed 

by the rabb i t  and rat . I n  the rat , tox ic i ty decreased w i th in

c r eas ing deg r ee of chlor inat ion ; however ,  the e f fect was not ob

served w i th r abb i ts ( F i shbe in , 1 9 7 2 ) . 

The more s ign i f ic:ant tox ic e f fect s  of PCBss are observed on 

repeated exposure over  a per iod of t ime . Aroclor 1 2 5 4  at 1 , 0 0 0  ppm 

in  the diet  was fatal : to 7 5  percent of  male 1� ats in  4 3  days w i th 

total intakes o f  5 0 0  ti::> 2 ,  0 0 0  mg/kg be ing lethal ( Tucker and Cr ab

tree , 197 0 ) . Phenoclo.r DP6 fed at  2 , 0 0 0  ppm : to rats resulted in 

mar ked weight los s  and dea th between 12 and 56 days a f ter the i n i 

t iat ion of  tr eatment ( Vos and Keeman , 1 9 70 ) . : Gu inea p i g s  treated 

dermally for 1 1  days w lL th a total of  3 7 9 . 5 mg c1f <:l PCB w i th 4 2  pe r

cent averag e  chlor ine content d ied at intervals up to 2 1  days fo l

low ing the f i r s t  app l icat ion ( M i l ler , 1 9 4 4 } . Aroclor 1 2 5 4  at 1 , 0 0 0  

ppm in the d i et k i lled 5/10 male rats and 8/10 , fema le rats . At 5 0 0  

ppm over e ight months two males and one fE!male d i ed wh i le no 

letha l i ty was observec� at 1 0 0  or 2 0  ppm . Ax: oc lor 1 2 6 0  was less 
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Tl\BLE 7 

Acute 'l'ox ic i ty of PCBs in Several Strains of Ra ts and Hice* 

- --··---·· - ------------------------

Compound Tested 

--

Arocloc 1 2 5 4  
Aroclor 1 260 
Aroclor 1 254 
Aroclor 1 260 
Aroclor 1 254 
Aroclor 1221 
Aroclor 1 26 2  
Aroclor 1 2 4 0  
Acoclor 1 2 54 
Aroclor 1 2 5 4  
Aroclor 1 2 5 4  
Aroclor 1 2 54 
K aneclor-400 
Kaneclor- 4 00 
Kaneclor-400 
Kaneclor-400 
Kaneclor -300 
K aneclor-300 
UP- 200 b i phenyl s  of 

d i chlor ide and lJelow 
2 , 4 ' -D i c hlorobiphenyl 
Tr i chlorob iphenyl 
O i phenyl of tr ich ioc ide 

and below 
2 . 4 � 1 ' , 4 ' -Tetcachlorob i phenyl 
5-011 der i va t i ve of 2 , 4 , 3 ° , 4 ' 

tetrachlorob i phenyl 
2 , J , 4 , l ' , 4 ' -Pentachlorob iphenyl 

aHe fer ence number s f rom source 

* Source : K imbroug h ,  et a l .  1978 

Species and Sex 

Rat ( adu l t ,  Sherman s tr a i n )  
Rat ( adu l t ,  Sherman strain) 
Rat (weanl i ng ,  Sherman strain)  
Ra t (weanl ing ,  Sher•an strain)  
Rat ( fe•ale , Sherman strain) 
Ra t ( female , Sheraan strain)  
Rat ( feaale, Sher•an strain)  
Rat 
Rat (Wistar , JO-day-old , H-F) 
Ra t (Wlstar , 60-day-old ,  H-F) 
Rat (Wlstar , 120-day-old , M-F) 
Rat (Wistar , 1 20-day-old , F) 
Rat (Wistar , M)  
Rat (Wls tar strain,  F) 
M ice (CPI stra i n ,  M) 
Mice (CFI s t r a i n ,  F) 
Rat (Wistar s t r a i n ,  H) 
Rat (Histac stra in ,  F) 
M ice ( dd stra i n ,  F) 

M ice ( dd stra i n ,  F) 
Mice ( dd strain,  F) 

Hice ( dd stra i n ,  F) 

Hice (DVI st ra.i n) 

H ice (CFI strain)  

Hice (CFI strain)  

Route 

Oral 
Oral 
Oral 
Ocal 

I n t ravenous 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 
Oral 

Oral 

Or a l  
Oral 

Oral 

Intraper i toneal 

Intrape c i toneal 

Int rape r i toneal 

-·--- --

LO 
g/kg Body We igh t 

4 - 10 
4 - 10 

1 . 29 5  
1 . 3 15 
0 . 358 
4 . 00 

1 1 . 3  
4 . 25 
1 . 3  
1 . 4  
2 . 0  
2 . 5  

1 . 30 (•l kg)  
1 . 14 (•l kg) 
1 . 87 5  (1111 kg) 
1 . 57 (ial kg )  

1 . 1 5 
l . 0 3  

6 . 36 

7 . 86 
3 . 06 - 4 . 25 

9 .  2·1 

2 . 15 

0 . 4 3  

0 . 6 5  

Re ferencea 

( 5 )  
( 5 )  
( 5 )  
( 5 )  
( 5 )  
( 6 )  
( 6 ) 
( 7 )  
( 0 )  
( 0 )  
( U )  
( 0 )  
( 9 )  
( 9 )  
( 9 )  
( 9 )  
( 9 )  
( 9 )  

( 10 )  
( 10 )  
( 1 0 )  

( J O )  
( 1 1 )  
( 1 1 )  

( 1 1 )  

"' 
.. 
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Aroc lor 

Aroc lor 

Aroc lor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

TABLE 8 

Oral LD · ( r at ) a , b  
5 0  . . ' 

Compound 'I'es ted 

1 2 2 1  ( Und i l.uted) 

123 2 ( tlnd i lµted) 

1 2 4 2  ( Und i luted) 

1 2 4 8  ( TJnd i luted) 

1 2 6 0  ( 5 0% �;oln in cor n  o i l )  

1 2 6 2  ( 50 %  �;oln in corn oi l)  

1268  ( 3 3 . 3 % soln in  corn o i l ) 

anata of Panel on Hazardous Subs tances 
bsource : K imbrough , et al . 197 8  
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( 6 )  

LDso 
I 

; g/kg body we igh� 

2 . 0 0 0  

1 . 26 

3 . 16 9  

2 . 0  

0 . 7 9 4  - 1 . 26 9  

0 . 79 4  - 1 . 269  

1 . 26 - 2 . 0  

1 . 26 - 3 . 16 

2 . 5  



Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

Aroclor 

aoata o f  
bsource : 

TABLE 9 

S k i n  LO ( r abb i ts) a , b  
s o 

Compound Tested 

1221  ( Und iluted ) 

1 2 3 2  { Und i luted) 

1 2 4 2  ( Und i luted ) 

1 2 4 8  (Und i luted )  

1 2 6 0  ( S O% soln in corn o i l )  

1 2 6 2  ( 50 %  soln in corn o i l )  

1268  ( 5 0 %  soln in corn o i l )  

Panel on Hazardous Substances ( 6 )  
K imbrough , et al . 1978  
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LOS O  
g/kg body we iqht 

3 . 9 8 

4 . 4 7 

8 . 6 S  

11 . 0  

10 . 0  

11 . 3  

10 . 9  



tox ic , w i th 8/10  females , b u t  no males , dying at 1 ,  0 0 0  ppm . No 

male s d ied at  lowe r dose s , and 1/10 and 2/10 female s d ied at  10 0 and 

5 0 0  ppm , respec t ively .  S ub s tan t i al we ight lossE�s wer e  observed a t  

10 0 and 5 0 0  ppm in both males and females ( K imbr1oug h ,  e t  al . 197 2 )  . 

M i nk have been shown to be unusually sens i t ive to PCBs . A mixture 

of Aroc lors  12 4 2 , 1248 and 1 2 5 4  at 30 ppm in th1e diet for 6 mon ths 

was 100  percent lethal (Aule r ich , et  al . 197 3 ) , !as was 3 . 6  ppm Aro-

clor 1 2 5 4  ove r  10 5 day� in another s tudy ( Plantonow and Kars tad , 

19  I J ) • Adult Rhesus monkeys ( Macaca mulatta ) wer e  par t icularly 

sens i t ive to PCBs . Aro·clor 1 2 4 8  a t  10 0 or 3 0 0  ppm in the d i e t  for 

two to three months r esul ted in ext r eme mor b id i ty w i th i n  one month 

and almost 100 percent .mor tal i ty w i th i n  three .months . Total in-

takes for the two g roups wer e  0 . 8  to 1 . 0  g for 100 ppm and 3 . 6  to 

5 . 4  g for 3 0 0  ppm (Al len , 19 7 5 ) . 

The mos t con s i s ten.:t patholog ical changes ciccur r i ng in  mammal·s 
i 

after PCB exposure ar e .in the l iver . I n  rats , rabb i t s , and gu inea 

p igs , Mi ller ( 19 4 4 ) obs�erved fatty depo s i ts a f ter acute injec t ions 

and s im i lar changes in r abb i ts and g ui ne a  p igs  ' after dermal appl i -

cat ion . I n  feed i ng exper iments , mar ked fatty metamorphos i s  was 

noted in g uinea pig l iver w i th intracellular hyal ine bod ies  be ing 

observed in rats . Less str i k i ng change s  wer e  noted in the k idneys , 

lung s , adrenal s , and he!ar t of g uinea pigs . Rat s  e!xposed repeatedly 

to d i e tary PCBs show increased l i ver we ights : ( K imbrough , et al . 

1 9 7  2 ;  Bruc kne r , e t  al . 19 7 3 )  . K imbroug h ,  e t  .! al . ( 19 7 2 )  fed rats 

11roclor 1 2 5 4  or 1 2 6 0  a.t levels between 20  and ' 1 , 0 0 0  ppm for eight 
i 

months . L ight  m icroscc>p ic changes obse rved inc:luded hyper trophy of 

l iver cells , cytoplasmic inclus ions , brown , p igment in Kupffer 
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cells , l ipid accumulation and , at higher doses , adepof i bros i s . 

Ultrastructural exam inat ion revealed an increase in smooth endo-

p lasmic reticulum .  The ef fect of Aroclo1: 1254 was mor e  pronounced � 

than that o f  1 2 6 0 . Porphyr ia  was observed in the l iver s and , occa

s ionally , other tissues of an imals exposed to ei ther mixture .  

Rats fed 2 , 0 0 0  ppm Phenoclor OP6 also had enlarged l iver s  w i th 

vacuolated foamy cells containing pycnot i.c nucle i (Vos and Koeman , 

197 0 ) . Vacuol i za t ion of l iver cel l s  was also noted by Bruckner , et  

al . ( 19 7 3 ) af ter dos ing r ats w i th 1 0 0  mg/kg Aroclor for  three 

week s , al though no over t tox ici ty was man i fes t .  

Rats fed 1 0 0  ppm Aroclor 1 2 4 2  ( 6 . 6  to 3 . 8 9 mg/kg/day) o r  Aro

clor 1 0 1 6  ( 6 . 9  to 3 . 5  mg/kg/day) for per iods of up to ten mon ths 

s howed no s igns of overt  intox icat ion or gross liver changes . En

larged hepatocytes · w i th vact,Iolated c ytopl.asms and inclus ions were 

noted . Aroclor 1 2 4 2  seemed to produce more pronounced changes than 

1 0 16 . Four and s ix months after the d i scont inuat ion of exposur e 

hepatocytes wer e  s t i l l  enlarged but cytoplasmic vacuoles and inclu

s ions had d imini shed , suggesting a degree of rever s ib i l i ty of ef

f ect . S igni f i cant res idual levels  of PCBs remai ned in ad ipose t i s

sue . Us ing electron m icroscopy , increased smooth endoplasmic ret i

culum and lipid vacuoles as well as atyp ical mi tochondr i� were ob

served . No s ig n i f icant gross changes i n  other organs were noted 

( Bu r se , et al . 19J 4 ) . 

Allen and Abr ahamson ( 19 7 3 ) fed rats 1 , 00 0  ppm of ei ther Aro

clor 124 8 , 1 2 5 4 , or 126 2 for 1 ,  3 ,  7 ,  14 , 2 1 , or 28 days or 6 week s .  

Over t tox ic i ty was not observed , although we ight gain was retarded 

in all tr eated groups . The ef fect was inversely propor t ional to 
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per cent chlor inat ion . I nc r eased l iver s i z e , 1::>rote in , and RNA con-

tent we re observed . The magni tude of  changes inc r eased w i th the 
-�, . ·-- ·_, 

percent chlor inat ion . Hype r t r ophy was assoc i ated w i th orol i fe r a-

t ion of the smooth endoplasm ic ret iculum , format ion of membranous 

arrays , and incr eased l ipid drople ts . 

The e f fect of metabo l i sm on tox ic i ty was explored by g i v i ng 

r ats large ( 1 . 5  g/kg ) s ing le doses of 2 , 5 1 2 ' , 5 ' - te t r achlorob i 

phenyl wh ich produced high  mor tal i ty w i th i r1 two to t h r ee days 

( Al len , et a l . 19 7 5 ) . Pretr eatment w i th ph�nobar b i tol  to induce 

metabolic enzymes al lowed surv ival wi thout obvious i ll e f fects fol

low ing a 1 . 2 5 g/kg dose , wh i le tr eatment w i th �he microsomal enzyme 

i nh i b i tor SKF 5 2 5A le<:td to 1 0 0  percent mor ta l i ty in four days . The 

ab i l i ty to me tabo l i z e  and el iminate 2 , 5 , 2 ' , 5 � -�CB appear s to pro

tect the anima l .  D i e1tary adm i n i s trat ion o f  1 0 0  opm 2 ,  5 ,  2 ' , 5 ' -TCB 

for thr ee weeks produced less l iver hype r trophy than Aroc lor 1 2 4 8 . 

Liver pathology in m ice exposed to 1 . 5  mg PCB/day was es sen-

t ially the same as seen i n  rats , includ ing incr eased smooth endo-

plasm ic ret iculum and inc r eased l ip id droplets ( N i s h i z um i , 197 0 ) . 

�abb i t s  r ece iv ing 3 0 0  mg or ally of Aroc lor  1 2 2 1 , 1 2 4 2 , or 1 2 5 4 

for 14 weeks wer e  exami ned ( Koller and Z ink l ,  197 3 ) . Aroclor 1 2 2 1  

and 1 2 4 2  tr eated rabbi ts gained we ight a t  control rates wh i le 1 2 5 4  

t r eated r ab b i t s  d id not g a in a s  much . L iver s of 1 2 5 4  and 1 2 4 2  

tr eated an imals wer e  enlarged wh i le l ivers off 1 2 2 1 ,  t r ea ted an ima l s  

wer e  smaller than corttrol s . Gross l iver les ions and sma l l  u te r i  

were appa r ent in th·e 1 2 5 4  t r eated an imals · but not the othe r s . 

L iver pa thology in  1 2 5 4  tr eated animals inc luded enlarged hepa to

cytes w i th foamy to g r anu lar cytopla.sms and: subcapsular m id zonal 
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nec ros i s . Aroc lor 124 2  produced a li ver pathology s imi lar � to 1254 . 

Aroclor 12 2 1  tr eated an imals were fr ee of histolog ic changes . 

Dermal stud ies with rabb its us i ng Clophen A60 , Phenoc lor DP6 , 

and Aroclor 1260  ind i cated that the last was the leas t tox ic (Vos 

and Seems , 197 1 ) . The former two mi xtures had been shown to be con-

taminated with tetra- and pentachlorod ibenzofuran (Vos , et al . 

1 9 7 0 ) .  S k i n  les ions produced included hype1:plas i a  and hyper kerato-

s is of the epidermal �nd foll i cular ep ithel i um and were accompan ied 

by patholog ical changes in the li ver and k idney . The chlorod iben

zofur an impur i ti es in the PCBs were thought to be respons i ble for 

the s k i n  les ions . A compar ison of the tox ic effec ts of dermally 

appli ed 2 , 4 , 5 , 2 ' , 4 ' , 5 ' -hexachlorobiphenyl and Aroclor 1260  demon

str ated that the skin  les i ons appear ed sooner and were mor,e severe 

af ter treatment w i th the commerc ial mixtur e .  Live r  changes wer e  

found i n  both treatment groups w i t h  the pure isomer induc ing the 

more severe effects . From this  s tudy it  was concluded that the 

chlorod i benzofuran contaminants in commerc ial mi x tures probably 

contr i bu te to the s k i n  lesi ons ( chlor acne ) , edema format ion , and 

l i ver  damage .  PCBs contr i bu te i n  lesser degrees to chlor acne and 
I 

l i ver damage but are pr imar i ly respons i ble for the hepatic porphy-

r ia obser ved in PCB i ntox ication (Vos and Notenboom-Ram , 19 7 2 ) . 

Nonhuman pr imates are r ather sens i ti ve to PCBs . Male Rhesus 

monkeys wer e  fed -3 0 0  ppm Aroclor 12 4 8  for three months . Effec ts 

which began to appear within  a month i ncluded ha i r  los s ,  suocuta

neous edema , purulent d ischar ge from the eyes , acne form er uptions , 

and l iver hyper trophy caused . by smoot� endoplasmic ret iculum pro

l i fera t i on .  Mar ked hyper trophy of the gastz: ic mucosa was a s i gnif-
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icant f ind ing not usu�lly seen in  rodents . Invas ion of the submu-
' 

' 

cosa by the mucosal epi thel ium w i th incr eased cel lular i ty and dys-

plas ia occur red in the stomach . The d ietary leve ls used we re about 

1 0 - fold greater than the contaminat ion leve ls in foods dur ing the 

early 1 9 7 0  • s ,  and thE� gastr ic changes observed were cons ide red to 

be of par t icular s ig n i f icance to human r i sk ( Allen and Norback , 

1 9 7 3 ) • When fed low levels ( 2 .  5 and 5 ppm) a:f Aroclor 1248  for 5 2  

weeks female monkeys deve loped per ior b i  tal ede!ma , alopec i a ,  erythe-

ma and acneform les ions .  Ef fects  i n  males : we re less pronounced 

( Barsot t i  and Allen , 1 9 7 5 ) . The h igh sens i t iv i ty of monkeys to 

PCBs has been con f i r med and the evaluat ion 1::>f the tox ic e�fects , 

par t icular ly in the gastr ic mucosa , has beEm extended ( Mc�ulty ,  

1 9 7 6 : Bell , 1976 ) . The patholog ic e f fect s  of . PCBs in nonhuman or i

mates have been rev i ewed by Allen and coworke1� s ( Al len , 19 7 5 :  Allen 

and Norback , 1976 ) . 

The ab i l i ty o f  PCBs to induce l iver microsoma l enzymes was 

demonstr ated by Stree t , et a l .  ( 19 6 9 ) . Enzym•! induct ion by comme r-

c ial PCBs has  been shown in rabb i ts (Vi l le1ieuve , et a l .  19 7 la)  , 

rats ( Li tter s t  and v·anLoon , 197 2 ) , and p r i ma1:.es ( Allen , et  al . 

1 9 7 4 b ) . In  rats induct i on i s  observed follow i ng intraper i toneal 

inject ion ( B icker s ,  •!t al . 197 2 )  or s k i n  appl icat ion ( B icker s ,  et 
I 

al . 19 7 5 ) . D ietary threshold values for enzyme induct ion varv be

tween 0 .  5 and 25 ppT1'1 (Villenueve , et a l .  197 la : Li tte r s t , et al . 

197 2 :  Turner and Gr een , 1 9 7 4 ) . The induct icm of deJTlethylating 

act iv i ty in r ats  by �roc lor 1 2 5 4  was max imum in seven days wh ile 

cytochrome P4 5 0  and . n i tr oreductase act iv i t i es cont inued to r i se 

over four weeks of treatment .  Act iv i t ies idecl ined slowly after 
I 
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d i scon t i nuat ion of treatment , reach ing control levels in about ten 

days ( Li tters t  and VanLoon ,  19 7 4 ) . Cutaneous exposure to PCBs re

sulted in a max imum induct ion w i th in two to s i x  days (B icker s ,  et 

a l .  19 7 2 , 197 5 ) . Degree of induct ion of enzyme act iv i t ies was 

found to cor respond to increas ing chlor ine content of Aroclor s 

( L i  tter s t ,  et a l .  19 7 2 )  and of d i - , tetra- , and hexachlor·ob iphenyl 

m ix tures ( Schmold t ,  et al . 1 9 74 ) . The ef fects of chlor ine content 

and pos i t ion of pur e  i somers were examined by Johns tone , et al . 

( 19 74 ) , Ecob ichon ( 197 .5 ) , and Ecob ichon and Comeau ( 19 7 5 ) .  More 

h ighly chlor inated i some r s  and those subst i tuted at the 4 and 4 '  

pos i t ions wer e  mos t  act ive in  induc ing enzymes assoc iated with the 

endoplasm ic ret iculum . For less local i zed enzyme s , pos i t ion was 

less cr i t ical , a lthough chlor inated compounds wer e  more effect ive 

than b iphenyl . 

The e ffects o f  d i etary exposure to Aroclor 1254 on enzyme 

induct ion wer e  invest igated in rats by Bruckner , et  al . ( 19 7 7 ) . 

Aroclor 1254 a t  5 or 25 ppm induced dose-deoendent increases in the 

met abo l i sm of pentobarbitol , aminopyr ine , and acetan i l ide after 3 5 , 

7 0 , and 140 days o f  exposure .  Exposure to 1 opm had l i ttle ef fect 

on metabo l i sm .  Live r  we ight and serum tr iglycer ide levels were 

elevated only i n  animals exposed to 2 5  porn . In 15-day exper iments 

i nduct ion of aminopyr ine N-demethylat ion was observed after the 

f ir s t  day of exposure at 5 and 25 ppm , and acetan i l ide hydroxyla

t ion was i nduced a f ter two days . Am i nopyr ine N-demethylat ion re

turned to normal 15 days after the termination of exposur e .  r.on

sumpt ion of as l i t tle as 1 to 2 mg of PCBs in 24 hours was suf f i

c i ent to s t imulate acetan i l ide hydroxylation . 

C-42 



.. 

Comme r c i a l  PCBs have been shown to induce cytochrome P4 5 0  

( phenobarb i tal type ) and cytochrome P4 4 8  ( 3 -me thy lcho lan th rene 

type ) ( Alvares ,  et a l .  197 3 ) . �o r e  r ecent s; tud ies w i th i;>ur i .f: i ed 

isomers  ind icated that or tho-par a-subs t i tuted PCBs induce P4 5 0  

wh i le meta-i;>ara-subs t i tuted PCBs induce P4 4 8 . � qubs t i tu t ion i n  the 

or tho-pos i t ion dom i na�es over me ta- , and no isome r s  wer e  found to 

induce both ac t iv i t i es ( Gold s te in , et al . lq 7 7 ) . The induc t ion of 

both sys tems by commeic c ial preparat ions and s:ome pur i € i ed i some r s  

has recently been shown to r esult from contaminat ion w i th d ibf=!nzo

furans . Even " 9 9 pe1�cent pur e "  i somer ic PC13s contain ing 4 4  ppm 

tetr achlorod i benzo fu r an e f fec t ively induces P4� 4 8  wh l le more r igo r

ously pur i f ied mater ial does not ( Golds te in , ·  et  al . 19 7 8 ) . Th i s 

obse rvat ion se rves as a rem i nder that the e f fects  of  trace contam i-

nants mus t  be kept in  m ind when eva luat ing the tox ic ef fec t s  of 

PCBs . 

Enzyme induc ing ef fects of  PCBs have also been examined i n  

v ivo b y  the observat ion of shor tened phenoba r b i tal sleep ing t ime s 

in  PCB- t r ea ted an imals ( B icker s ,  e t  al . 197 :2 : Johnstone , e t  al . 

19 7 4 : Vi lleneuve , e t  all . 1 9 7 2 ) . Pea induct ion. oi: enzyme act i v i t ies 

i n  other t i s sues has inc luded sk in ( B icker s , et  al . 19 7 5 ) , olacenta 

and fetus  ( Alvares and Kappas ,  197 5 ) , neonata l l iver dur ing lacta

t ion ( Alvares and Kappas , 19 7 5 ) , and lung • arid k i<'.lnev ("1.7a in io ,  

19 7 4 )  . 

Other sys tem ic e f fects of  PCBs in mammals inc lude porohyr ia 

( B ruckner , et al . 19 7 4 ) , incr eased thyrox in metabo l i sm ( Bas toms ky , 

19 7 4 )  and u l trastructural changes in the thy roid ( �ol l ins , et  a l . 

1 9 7 7 ) , i nh ib i t ion of ATPases ( LaRocca and : �ar lson , 197 5 ) , and 
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i nter ference w i th ox idat ive phosphoryla t ion ( S ival ingan , et al . 

197 3 ) . Alterat ions in s tero id hormone me tabol i sm are pr·oduced by 

PCBs in rats { B i tman and Cec i l ,  197 0 ) , mice { Orberg and Kihlstrom ,  

197 3 ) , and othe r animais .  Aroclor 1 2 5 4  appear s to reduce l iver 

v i tamin A concentr ations in pregnant rabb i ts (Vi lleneuve , et al . 

19 7 lb ) . A mor e  complete rev iew of these ef fects can be found in 

Matthews , et al . ( 19 7 8 ) . 

PCBs have been shown to have immunosuppr ess i ve ef fects in rab

bi ts {Vos and Beems , 197 1 ;  Street and Sharma , 197 5 ) , guinea pigs 

{ Vos and van Genderen , 1973 ; Vos and DeRo i j , 19 7 2 ) , monkeys , mice 

(Thomas and H insd i l l , 19 7 8 ) , and several b i rds . S igni f icant ef

fects wer e  obser ved in Rhesus monkeys exposed to dietary levels of 

Aroclor 1 2 4 8  as low as 5 . 0  ppm . 

E ffects of Aroclor 1 2 5 4  and 1260  on reproduction in Sherman 

s t r a in rats were invest igated ( L inder , et al . 197 4 ) . Dietary lev

els  of 5 ppm Aroclor 1254  had no ef fect on reproduct io� in rats 

exposed through two gener at ions . L iver we ights were incr eased in 

male and female offspr ing of the F1 and F2 generat ions . �t 1 ppm , 

Aroclor 1 2 5 4  caused increased l iver we ights in Fl male weanl ings . 

W i t h  Aroc lor 1 2 5 4  at  2 0  ppm , the number of pups in the Flb and F2 
generat ions was reduced , while 1 0 0  ppm resulted in increased mor

tal i ty in  Flb  offspr ing and decr eased the mating per formance of Flb 

adults .  Aroclor 1 2 6 0  produced increased l iver we ights in F1 of f

spr i ng at 5 ppm but did not af fect reproduct ion at 100 ppm . At 5 0 0  

ppm l i tter s i zes were reduced and surv ival was decreased i n  F1 l i t

ter s .  Pregnant rats g iven 100  mg/kg/day Aroclor 1254  on days 7 to 

15 had g rossly normal l i tter s but only 30 . 1  pe rcent surv ived to 
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wean ing . Dosage r ates of 5 0  mg/kg/day Aroc lc1r 1254  or 1 0 0  mg/kg/ 
day Aroclor 1 2 6 0  d id not af fec t r eproduct ion or  pup surv ival . 

Rabb i t s  fed 0 . 1  or 1 . 0  mg/kg body we ight Aroc lors  1221  or 1254  
I 

showed no s ig n i f ican t dec rease in numbe r of  pregnancies or numbe r 
' 

of fetuses per l i tter (Villeneuve , e t  al . 1 9 7 la) . No induct ion of 

fetal l iver enzymes c:ould be de tected . Howev�! r , adm in i strat ion 

dur ing gestat ion of 6 0 0  to 2 ,  5 0 0  ppm Aroclor '.12.54 in the diet  re-

sulted in r esorpt ions , abor t ions , maternal d1ea th , and asymmetr i c  

s kulls in  two fetuses (Vi lleneuve , et al . 19 7 JLb ) . 

Reproduct ive ef fee t s  in mice were invEtst igated in animals 

tr eated for ten weeks w i th 0 .  0 2 5  mg/day ClophEm A 6 0  (Orberg and 

K i hls trom , 197 3 )  • Th:e length of the e s t r us · cycle was inc reased 

f rom 6 . 6  days in  con trols to 8 . 7  days in e!xper imental an imals . 

Also , the percentage of  implanted ova was x::educed from 8 7 . 0 to 

7 9 . 5 .  In  a second s tudy the r eproduct ive ef fepts of neonatal exp·o

sur e to PCBs in m i lk wer e  exam ined by injecting lac tat i ng female 

mice w i th Clophen A6 Q1 . On the day of par tur i t ion and at weekly 

inte rvals for three WE!ek s , the females wer e  injected w i th 5 0  mg of 

PCB . When tr eated male and female of f spr i ng were mated w i th each 

other , the percent imJ?lantat ion dropped from cii  control level of 9 4  

percent to 7 5  percent ' ( K ihlstrom ,  e t  al . 197 5 ) . 

In female Rhes us monkeys exposur e to 2 5  ppm Aroclor 1248  in  

the diet  for two months lead to the typ ical e:E fects of  PCB intox i

cat ion for monkeys includ ing edema , alopec i a ,  :and acne . One animal 

i nge s t i ng a total of  4 5 0  mg PCB d i ed two mionths after exposure 

ended and was found tc::> have hype rpla s t i c  gast t i t i s  and bone mar row 

hypoplas i a  • The rema i n i ng f i ve an imals we ir e br ed three months 
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a f ter treatmen t .  Three were thought to have concei ved but resorbed 

or abor ted the embryos in the f i r s t  two mon ths of pregnancy . one 

del ivered a fully developed but small infant (Allen , et al . 1974b) . 

In a mor e  developed s tudy bo th male and female Rhe sus monkeys 

were fed ei ther 2 . 5  or 5 . 0  ppm Aroclor 1248 in the diet  ( Barsott i 

and Allen , 19 7 5 ;  Bar sott i ,  e t  al . 197 6 ) . The total intake in the 

f i r s t  s i x  months for the females was 1 8 0  and 3 6 4  mg for the 2 . 5  and 

5 . 0  ppm diets , respect ively . Untr eated females bred to treated 

males had normal rates of concept ion ( Barsotti and Alleri ,  197 5 ) . 

Trea ted females bred to normal males produced the following rates 

of concept ion : control , 12/1 2 ; 2 . 5  ppm , 8/8 ; 5 . 0  ppm , 6/8 . Live 

b i r ths result i ng from the concept ions were :  control , 12/1 2 ; 2 . 5  

ppm , 5/8 ; 5 . 0  ppm , 1/6 . I n  the 2 . 5  ppm group , three fetuses wer e 

resorbed shor tly after concept ion . I n  the 5 .  0 ppm group , three 

preg nanc ies abor ted at 46 , 6 7 , and 1 0 7  daye1 of gestat ion , one fet.us 

was resorbed , one was s t i llborn , and one normal b i r th occur red . 

The two females who failed to conce ive were subsequently bred f ive 

t imes wi thout concept ion . The l ive born infants were of low bir th 

weight and showed s igns of PCB intox ication af ter nur s i ng thei r  

mother s for less than two months . Three infants d ied 4 4  t o  1 1 2  days 

a f ter b i r th ( Barsot t i , et al . 1 9 76 ) . The mother s '  breast milk con-
' 

ta ined 0 . 15 4  to 0 . 39 7  ppm PCBs and one cc::>ntained 16 . 4 4 ppm ( fat 

bas i s )  (Al len and Bar sot t i , 1 9 76 ) . I t  should be noted that the 

dose levels produc ing these rather s tr i k ing ef fects are wi thin the 

range of contamina t i on of the human d i e t  observed unt i l  the mid-

1 9 7 0 ' s . 
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Recently , ad ipose t i s s ue levels  of PCBs in infant Rhe s us mon

keys exposed in utero a11'ld via br east m i lk have been cor related w i th 

behav ioral effects ( Bowman , et al . 197 8 ) . ,  ·Thiree of f i ve infants 

born to mothe r s  exposed to 2 .  5 ppm Aroclor 1248 i 11 the diet dur ing 

pregnancy and lac ta t i on sur v i ved over four mon t:hsi . PCB levels i n  

fat t i ssue in the infants dec l i ned w i th a f i r s t  order rate cons tant 

over a per iod of 8 to 23 months of age .  Extr apolated max imum PCB 

levels were 21 , 114 , and 1 2 3  µg/g fat . A battery of 1 1  behavioral 

tests was conduc ted with the three exposed an :Lma.ls and four con

trols over t h i s  t ime ;i;>er iod and a pos i ti ve c:::or r elation between 

reduced per formance and PCB body burden was ·observed for seven 

tests . 

Minks have been :�ound to be exceed i ngly sensi t ive to PCB

i nduced reproduc t i ve failur e .  A mar ked incr ease i n  k id mor tal i ty 

was obser ved i n  conuner c::: i al mink in the mid-1960 '  �; a f ter f i sh meal · 

der ived from spawn i ng Great Lakes Coho salmon wc:Ls incorporated i nto 

the d i et . Laboratory· stud ies con f i rmed tha't the reproduct i ve 

losses were r elated to the ingest ion of Great L�kes f i sh (Auler ich , 

et al . J.97 1 )  , and sub s�equent i nvest igation shc::>wed that PCBs con

taminati ng the f is h  meal wer e  the probable tox ic: agents lRi nger , et 

al . 197 2)  • When fed ltl ppm each of Aroclor s 124 :� ,  l.248 , and 1254 

' ( 3 0  ppm total ) , all 1 1  . adult female mink d i ed pr ior to the end of 

the normal whelp i ng ( deil i ve r y )  per iod (Ringer , 'et al . 19 7 2 ) . Aro

clor 1254  fed at 10 ppm r e sul ted in no offspr in9 among s i x  females . 

At 5 ppm , Aroclor 1254  fed for four months pr ior to whelping de

pressed reproduction w ith only 3 of 12 females 1whelp ing and 3 of 9 

k i ts born ali ve .  At l ppm Aroclor 1 25 4 , 8 of 10 females whelped and 
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3 5  o f  4 3  k i ts were born alive .  Among control an imals all. 1 1  whelped 

and 56 of 6 6  pups were al ive at b i r th . The reproduct ive tox ic i ty of 

Aroc lor 1 2 5 4  becomes pronounced be tween 1 and 5 ppm in the diet 

( Ringer , e t  al.  19 7 2 ) . At 2 ppm in a nine month feed ing tr ial , 

Aroclor 1 2 5 4  s ign i f icantly reduced r eproduct ion wh i le Aroclors 

1 0 1 6 , 1 2 2 1 , and 124 2 d i d  not ( Auler ich and Ringer , 197 7 ) . Assuming 

a food intake of 150 gm/day ( Scha ible , 1 9 7 0 ) , the total PCB intake 

in  the two tr ials would have been 90 mg a·t 5 ppm for four months or 

6 1  mg at 2 ppm for n ine months ( Auler ich and Ringer , 1977 ) . 

Human exposures to PCBs r esult ing in  tox ic effects have almost 

all r esulted from the ingest ion of r ice oil contaminated with �ane

chlor 4 0 0  in Japan or from industr ial exposure . Wh i le absorpt ion 

through the gut was the route of exP.osure in the former case , occu

pat ional exposures occur largely by :Lnhalat ion or absorpt ion 

through the s k in .  

Yusho , the d i sease result ing from the ingest ion o f  contaminat

ed r ice o i l  in Japan , has been the subject of cont inuing study 

s ince the epi sode of exposure in 1 9 6 8 . Per iod ically , s�ec ial re

por t s  on thes e  cont inui ng s tud ies have been publi shed in Fuk uoka 

Acta Med ica . The.se results , largely publ ished in Japanese , have 

been rev i ewed in Eng l i sh by the Japanese invest igators ·both ear ly 

i n  the s tudy ( Ku ratsune , et al . 197 2 : Kuratsune , 197 2 )  and more 

recently ( Kuratsune , et  al . 1976 ) . ThE� cause and scope of the 

exposure of the Japanese oubl ic has been descr ibed above ( see In

ges t ion from Food sect ion ) . The i n i t ial symptoms of Yusho inc luded 

increased eye d i scharge and swel ling 01: UP.Der eye l ids , acne fOr'fl'I 

erupt ions and foll icular accen tuat ion , and p igmentat ion of the 
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s k i n .  Other symptoms includ i ng dermatolog ic problems , swelling ,  

j aund ice , numbnes s  of l imbs , spasms , hear ing and vis ion problems , 

and gastrointe s t i nal d i s turbances wer e  prominent among the com

plaints of pat ients seien wi th i n  the f i r s t  e ight  mon ths after expo

sure ( Kura tsune , et al . 19 7 2 ) . The f i r s t  pat i ents were seen al-

mos t  immed iately after the r e lease of the contam inated o i l  in Feb

r uary 196 8 . Of a group of pat i ents seen be tween Octobe r 1968  and 

Janua ry 196 9 , · 5 5  percen t  became i l l  be tween JunE! and Augus t .  I t  

was ul t imately determi ned that as many a s  63 . 9  percent of those who 

consumed contam inated o i l  became i l l . Among a group of 146  known 

user s of the oi l ,  8 0  c:onsumed less than 7 20 ml , and 8 8  percen t of 

these use r s  wer e  af fected . Among those who us �d mor e  than 7 2 0 ml , 

1 0 0  percent wer e  af fec:ted . The c l i nical seveir i ty of symptoms did 

not d i f fe r  by s ex ,  but the age group 13  to 29  wa s mor e  af fectea than 

othe r s  ( Kuratsune , et al . 1 9 7 2 ) . 

· The analys i s  of the o i l  indicated that i t  contained be tween 2 
I 

and 3 mg/kg of Kanechlor 4 0 0  ( Kuratsune , e t  al . ' 19 7 2 ) . I t  was later 

d i scover ed that Kanechlor 400 contai ned 1 8  ppm of polychlor inated 

d i benzofurans ( PCOF s )  and tha t the PCOF concentrat ion in "Yusho 

O i l "  was about 5 ppm ntagayama , et al . 197 5 ) . '.l'he PCDF level in the 

o i l  was 2 5 0  t imes g r eater than would be expec ted based on the level 

in fresh Kanechlor  4 0 0 , lead i ng Kuratsune , e t  al . ( 19 7 6 ) to suggest 

tha t the concentrat ion incr eased wi th PCB us• as a heat trans fer 

med i um .  

The amount s  o f  Kanechlor 4 0 0  ingested were est imated for the 

or ig inal 14 6 per son s t:udy group . The average amoun t inges ted was 

e s t imated to be 2 g wh � le the minimum amount i,ngested by a pat ient 
! 

was about 0 . 5  g ( Kura tsune , e t  al . 197 2 ) . 
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Labo ratory evaluations of pat ients dur ing the early pe r iod 

were summar i zed by Kur atsune ( 19 7 2 ) . �everal changes in blood we r e  

noted , includ i ng decrease in  erythrocyte count , increase in leuko

cyte count , and increase in serum l i p ids , par t icularly tr iglycer-

ides . Blood prote i ns , electrolytes , and enzyme act i v i t ies were 

normal in  mos t ins tance s .  Some increases i n  ur inary ketosteroid 

excretion were obser ved . The "cheesy" ma ter ial . from Yusno acne 

conta ined mor e  s ter ic and ole ic ac ids than d id " normal acne , "  but 

less myr i s t ic palm i t ic and palm i tole ic ac id . L inole ic ac id was 

present in Yusho acne but not " normal acne . "  Liver biopsy ind i

cated hypertrophy of the smooth endoplasmic ret iculum ,  reduc t ion of 

the rough endoplasmic ret iculum ,  f i lamentous inclus ions , and mi to

chondr ial abnormal i t ies . S k in changes included hyperkeratos i s ,  

cys t ic di latat ion o f  the ha i r  foll icles , and mar ked increase of 

melanine in basal cells of the ep iderm i s . Decreased sensory nerve 

conduct ion veloc i t ies wer e  observed in  9 of 2 3  pat ients . Abnormal

i t i es of the eyes included hyper secret ion of the me i bomian gland 

and abnormal p i gmentat ion of the con j unct iva . 

Thi r teen women , 1 1  w i th Yusho and :� wi thout , but mar r ied to 

men w i th Yusho , del ivered 10  l ive and 2 s t illbor n infants between 

Febr uary 15 and December 3 1 , 1968 . N ine of the 10 had grayi sh-dark 

sta ined s k in ,  and 5 had s imi lar pigmentat ion of  the g i ng iva and 

n a i ls . Eye d i scharge was common . A s 1: i llborn fe tus had ma rked 

hyperkeratos i s ,  atrophy of the ep iderm i s , and cys t ic di latat ion of 

the ha i r  foll icle . I ncr eased melan in pigment in the blood cells 

and the epiderm i s  was also noted . Twelve of the 13  fetuses were 

small for date of b i r th .  The growth of children af fected by Yus ho 
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was significantly lower· than Japanese national s tandards. A de-

tailed clinical study C•·f four Yusho babies sh4::>wed. that they were 

small for their age, had dark pigmentation on skin and mucous mem-

branes, and gingival hyperplasia. Teeth werE� E�rupted at birth ; 

spotted ca16if ication of the parieto-occipital skull, wide fonta

nels, and saggital suture were present, �long w i th facial edema and 

exophthalmic eyes ( Yamashita, 1977). 

By three years after the episode about hal f the pa t i ents were 

improving while 40 percent were essentially unchanged and 10 per-
1 

cent were becoming more severely a f fected. Ev;en among those said 

to be improving, many still complained of persistant headaches, 

general fatigue, weakness and numbness of limbs, weight loss, and 

other problems ( Kuratsune, et al. 1972). 

An evaluation o f  the longer term e f fect!; c>f Yusho has been 

summarized by Kuratsune�, et al. ( 1976) • In 1972 Masuda noted a 

peculiar gas chromatogi:aphic pattern of PCB ·fractions wh ich was 

common to blood, tissues and breast milk of Yusho patients ( Koda 

· and Masuda, . 1975). A pattern seen in about 6 0  percent of Yusho 

patients contained a larger amount of a late eluting peak than PCB-

containing tissues resulting from other types of exposures. Th i s  

pattern was referred t o  as type A. A similar pcittern seen in about 

37 percent of Yusho patients was referred to a!S type B .  These two 

patterns ( types A and En have never been observ4!d in individuals 

( human or animal) exposE!d to PCBs in other situat:ions. These types 

appear unique to Yusho. Tissue levels of PCBs in patients undergo

ing surgery or who died and were autopsied wer•a f:ollowed over sev-

eral years. Adipose tiE; sue levels were high ( 13 to 76 ppm) shortly 
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a f ter the end of exposure but were subs tant ially lower by the next 

year . By 19 7 0  and beyond , t i s sue levels were wi thin  the normal 

r ange in the cases stud ied . Blood levels were not determined unt il  

1 9 7 2  by wh ich t ime they were in the normal range . Pat ients whose 

plasma PCB pattern was type A had higher levels than those wi th 

type B .  

The d i scovery of substantial levels of PCDF in Yusho o i l  has 

been d i scussed . Levels of PCDFs in control ind iv idual s and Yusho 

pat ients were determined . No detectable ( 0 . l  ppb) PCDFs . were found 

in controls wh i le t i ssues of pat ients who died in 19 6 9  and 19 7 2  

contained 0 . 0 0 9  and 0 . 0 1 3  ppm i n  adipose and l iver respectively. 

Rat ios of PCB/PCDF wer e 14 4 and 4 for cld ipose t i s sue and l iver , 

respec t ively . PCDF levels were higher in l iver than ad ipose on a 

fat bas i s .  Al though the sample was smal l , the levels in whole ad i

pose ti ssue appeared to have dropped to about one- th ird of the 1� 6 9  

level by 197 2 .  

By 19 7 2 , the dermal and mucosal s igns wh ich were mos t  marked 

in the in i t i al s tages of tox ic i ty wer e  gi=adually improv ing . Symp

toms con s i dered to be due to internal d i s turbances , such as fa

t igue , poor appet i te ,  abdom inal pain , headache , pain arid numbness 

i n  the l imbs , and cough and expectorat ion of sputum , have become 

more prom i nen t . Between March 19 7 3  and Apr i l  19 7 4 , 7,9 pat ients 

were exam ined and blood PCBs evaluated ( Koda and Masuda , .  197 5 ) . Of 

pat ients w i th type A or B plasma PCB ch romatograph ic patter ns , a 

major i ty exh i b i ted some or all of the typ ical spec tr um of dermato

log ical symptoms , w i th f r equenc ies in type A pat ients be ing h igher 

than in type B pat ients . Because PCB leve ls in type A patients we re 
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h igher tha� in  type B ,  the sever i ty of symptoms ; was cor r ela ted wi th 

blood PCB level s .  

Serum tr iglycer ide levels i n  males did  not dec l i ne s i gn i f i-

cantly be tween 196 9 and 19 7 4  ( Ok umur a ,  et al . l9 7 4 }  • Levels in 

female pa t i ents dec l i n�d but wer e  s t i l l  above �ormal . The eleva

t ion of tr iglycer ides cor r elated w i th increased blood PCB levels 

and the type A pa ttern . 

S e r um b i l i r ub in i n  pat i ents was lower in 121  pat i ents than in 

2 5 7  controls , ind icat i n9 an accelerated r ate of :d i :sposal ( H i r ayama , 

et al . 1 9 7 4 ) . 

Long-term ef fects con t inued to be observed : i n  chi ldren born to 

Yusho mother s . N ine in1:an t s  w i th dark brown s k i n  l?igmentat ion we re 

born to Yusho mother s  between 1 9 6 9  and 19 7 2 , :thi:ee of  them to a 

pat ient between 19 6 9  ar.Ld 197 1  ( Yosh imur a ,  19 7 4 ) . The plasma PCB 

levels of 3 0  c h i ldren t�rn to 18 Yusho mo ther s  were s igni f icantly 

above control levels but lower than maternal l�vels (Abe , et al . 

1 9 7 5 ) . Chi ldren nur sed by the i r  mothers had. ,higher levels than 

c h i ldren who wer e  not breas t fed . One case was r epor ted by Yosh i 

mur a  ( 19 7 4 }  · in  which a1 baby was thought t o  h,av1! acqu i r ed Yusho 

solely as a result of breast m i l k  intake . 

Masuda , et  al . ( 19 '74 ) found PCB levels in 6r east milk of f i ve 

Yusho women be tween 0 . 0 3  and 0 . 0 6 ppm , wh ich was j us t  w i th in the 

normal range . A recent study of PCB levels in the br eas t milk  in 

4 0 0  Japanese -women de tected average levels of .: O .  0 3 3 , 0 .  0 2 6 , and 

0 .  0 2 9  ppm in three measurement s  made at two mon1:h i n tervals ( Yaku-

s h i j i ,  et al . 197 7 ) . Based on these levels , they calculated tha t 

d a i ly intake by a nur s i :11g infant would be 24 µgr/day . Th i s  can be 
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compared to an average dietary intake by Japanese adultc; of 21 

µg/day or 9 µg/day by u . s . adults . By Apr i l  3 0 , 19 7 5 , 29 of 1 , 29 1  

Yusho pat i ents had d i ed .  Among 2 2  who d i ed before September , 1973 , 

n ine deaths resulted from mal ignan t neoplasms { Ur abe , 197 4 ) . 

The occur rence of Yusho symptoms a f ter modes t PCB intake cou

pled wi th the s imi lar i ty ,  of many of the symptoms to those seen in 

animals , par t icularly pr imates , suggests that the tox ic ef fects 

observed in  animals mus t be con s i dered potent i ally accurate models 

for humans . The per s i s tence of symptoms in Yusho pat ients i s  a 

par t icular source of concern . The major uncer ta inty regarding tox

i c i ty in Yusho pat ients rests w i th the unknown ef fects of -the PCDFs 

present in unusually h ig h  concentrat ions in Yusho oils o 

Ear ly reports of tox ic ef fects of occupat ional PCB exposure 

are not eas i ly interpreted because a m ixture of compounds including 

chloronaphthalenes was pr esen t . A fatal case resulted from expo

sure to a mixture of 9 0  percent chloronaphthalenes and , 10 percent 

PCBs { Dr inker , e t  al . 1937 ) . The subj ec1: developed chloracne , fol

lowed by j aund ice and abdominal pa in , and was found to have c i r rho

s i s  of the l iver at autopsy . 

Many stud ies of occupat ional exposure have shown �ary ing de

grees of tox ic i ty under d i f ferent condi t ions . The fol�ow ing dis

cuss ion w i ll h ighlight stud ies which ind icate the types of tox ic 

react ions commonly observed in occupat ional exposures and the lev

els of sens i t iv i ty in d i f ferent s i tua t ions . A detai led rev iew of 

occupat ional exposure to PCBs has recently been pr epared (NIOSH , 

1 9 77 ) . 
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Ell< ins  ( 19 5 9 ) found that average PCB cc::>ncen trat ions in the 

wor kroom a i r  of sever al plant s  in Mas sachusetts ranged from 0 . 1  to 

5 .  8 mg/m3 wh i le peak concen tr ations , wer e '  b1e tween O .  2 and 1 0 . 5 

mg/m3 . Immed iate tox i(:: ef fects wer e  not seen : however , e,xposure to 

10 mg/m3 was said to be unbear ably i r r i tating .  Three cases of 

seve re chloracne we re repor ted in a wor k  envi ronment in which PCB 
' 

3 a i r  levels wer e  found to be be tween 5 . 2  and 6 . H  mg/m • The wor k e r s  

develop i ng chloracne had been exposed for 2 t:o 4 year s .  ' ,. 
Altera-

t ions i n  l i ver func t io� or other abnormal i t i es were not found ( Puc-

c inell i ,  195 4 ) . 

An analys i s  of the health ef fec t s  of PCBs: on eight labor atory 

wor ker s involved in test ing d ielectr ic f l u ids �as made by Levy , e t  

al . ( 197 7 ) • The worker s ,  all males 2 5  to 4 9  y�!ar s o f  age , had been 

employed 2 . 5  to 18 yeaLr s .  Breathing zone , po int: source , and gen-

eral wor k  area samplEts wer e  collected on th r e�a occas ions . Tne 
' 3 ranges observed wer e : breathing zone , 0 . 0 14 to 0 . 0 7 3  mg/m : po i n t  

source ( near an oven ) , 0 . 0 4 2  to 0 . 26 4  mg/m3 � �nd room area , 0 . 0 13 

to 0 . 15 mg/m3 • Blood E1CB concentra t ions wer e  3 � t.o 2 8 6  ppb which i s  

substan t i ally above the range in  sever al stud i es o f  general popula-

t ions ( F i nk lea , et a:L . 197 2 ) . workers comJ;>laL ined of dry sore 

t hroat ( 6/8 ) , s k in r as h  ( 3/8 ) , gastrointes t ina; d i sturbances ( 3/8 ) , 

and eye i r r i tat ion and headache ( 2/8 ) . Examinat: ion di sclosed one 

pat i ent  w i th sk in ra:sh , two w i th nasal i r r i tation ,  one show ing 

r ales , and four  w i th h igh blood pressur e , but ·  n() abnormal i t i es in 

l iver func t ion . 

Tox ic effects f 1�om a low- level exposu1�e  were repor ted by 

Me igs , et al . ( 19 5 4 ) . A leak ing hea t exchange i� in a chem ical plan t 
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d i scharged PCB vapor s .  No employees worked rout inely at , the po int 

· of leakag e ,  but breathing·· zone levels in work  area.s wer e: found to 

be 0 . 1  mg/m3 • The per iod of exposure was 19 mon ths . Seven of 14 

exposed worker s developed mi ld to moderate chloracne after exposur e 

durat ions of 5 to 14 months . L iver func·t ion tests showed normal 

ser um b i l i r ub ins , 2 4 - and 48-hour cephal in f locculat ions , thymol 

tur b id i t ies , and serum alkal ine phosphatase act i v i t ies in s i x of 

the seven worker s ,  but · border l ine increases in cephal i n  ' f loccula

t ion and thymol tur b id i ty in the seventh . After 13 months , the 

thymol tur bi d i ty but not the cephal i n  f locculat ion had improved . 

A study of PCB exposure in  s ix Japanese indus tr ial plants has 

been r epor ted ( Hasegawa , et al . 197 2 1  Har a ,  et ai . 1974 , 19 7 5 ) . 

Although the or ig i nal publ ications are i n  Japanese , a detai led 

descr i pt ion in Engl i sh i s  avai lable (NIOSH, 197 7 ) . PCBs wer e  manu

factured in one plan t , used i n  manufactur ing capac i tors in four 

plan t s , and had been used in a f i f t h  plant unt i l  one month befor e 

the study began . The s i xth plant used biphenyls , not PCBs . PCB 
' 

concentrat ions in  a i r  as both vapor and par t icul�tes were deter -

m i ned . The lowe s t  levels in  one plant were 13 to 15 µg/m3 vapor and 

4 µg/m3 par t iculate whi le the h ighe s t  levels  in a s ing le plant were 

95  to  965  µg/m3 vapor , 7 3  to  6 5 0  µg/m3 par t iculate . Except in the 

instance of a spi l l ,  vapor concentrat ions always exceeded par t icu

late concentrations . Blood PCB levels  in  9 9  workers wer� found to 
-

aver age 3 7 0  ppb as  compar ed to values in  2 0  controls averag ing 20 

ppb . A cor relat ion between durat ion of exposure and blood level 
. 

could not be found i n  data from three of the plants . Dermal ef fec t s  

found were chromodermatos i s  o f  the dor sal j oints o f  the hands and 
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f i nger s and o f  the na i l  bed , and acne f:orm ex:!nthema . nermal e f 

fects seemed unre lated to blood levels , sugg�st ing tha t they re

s ulted d i r ec t ly fr.om . s.k i n  con tac t • .  Changes iri J:at  me tabol i sm and 

m i ld d i stu r bances in liver funct ion were found . The consequences 

of terminat ion of PCB ex·posure we re exam ined by fol low ing 38 cur-

rent and 80  former wor kers from 1972  to 19 7 5  who were from the plant 

wh ich had d i scont inued PCB use . Dur i ng the oe r iod of PCB exposur e ,  
' 

17 capac i tor immers ion process workers had bloc>d leve ls of  7 to 3 0 0  

ppb , wh ich were closely related to years of  !ex-posur e .  One year 

a f ter cessat ion of exposur e ,  blood PCB levels decreased but not 

u n i formly . The aver age decrease was about 7 5  percent of  the or i q i -

nal value . The blood half-l ives o f  PCBs wer e  determined and found 

to be related to the number of years of exposur e .. Por one year of 

exposu r e , T� = 3 months , wh i le for 10 to 15 year s  exposur e ,  T� = 3 0  

months .  The investigator s concluded that blood served only as A 

PCB carr ier wh i le fat �erved as the depot t i ssue .. Many of the em-

?loyees complained of blackhead s ,  acne , and sk i n  i r r i tat ion wh i le 

work ing w i th PCBs 1 however ,  these cond i t ions cl�aced markedly after 

exposure ceased . Ser um tr iglycer ide leve ls in wor kers were ele-

vated in  cor r e lat ion w i th blood PCB leve ls . 

A s tudy in Australia  by Ouw , et al . ( 19 76  > :  examined two grouos 

. of wor kers  w i th d i f ferent levels of ex;:>osure in a caoac i tor manu-

factur i ng fac i l i ty .  One g roup ( i n s id e )  worked i n  an impregnat ion 

process where exposure to heated ( 7 0°c )  Aroclor 1 2 4 2  occur red . The 

second group ( outs ide)  assembled cool Aroc lor-,( Hpped coml;)onents i n  

a locat ion separ ate f r1om the f i r s t  g roup . The ent ire  group had an 

aver age blood PCB level near 4 0 0  ;:>pb . The d i s tr ibut ion of i nd i v i -
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dual Aroc lor components d i f fered between the groups w i th the out

s ide workers be ing low in ear ly elut ing (on gas chromatography) 

f r ac t ions but elevated in late elut inq fract ions relative to the 

ins ide g roup . Abnorma l i t i es in l iver funct ion were not observed 

but sk in i r r i tat ion and eczema tous rashes we re observed . One work-

er had chlor acne but no sys temic ef fect s . The sever i ty of dermal 

e f fects was not clearly cor r ela ted to blood PCB level . Br eath ing 

zone a i r  concentrat ions in the impr egnat ion room var ied from 2 . 2 2 

to 0 . 3 2 mg/m3 • To br ing cond i t ions w i thin government gu idel ines , 

im?roved exhaust ven t i lat ion was installed and wor kers  were encour

aged to wear impe rv ious gloves to reduce sk in absorotion .  These 
. 3 act ions reduced atmos?her ic PCB levels to 0 . 7 5  to 0 . 0 8 mq/m • 

After two months , new blood samples were taken wh ich ind icated t�at  

a s l ight increase in blood levels had occur r ed . �a i lure to wear 

g loves was the reason c i ted for the fai lure to improve blood 

levels . 

A recent study of l iver funct ion in Ar oclor 1016 -exoosed wor k-

ers i llum inates the sens i t iv i ty of the l iver to ex?osure . ( Alvares , 

e t  al . 1977 ) . Ant ipyrene clear ance was aetermined in f ive workers 

who had been occupat ional ly exposed to PCBs for at least four year s 

and Aroclor 1 0 16 for at  least two year s .  Mone of the workers showed 

any man i festat ions o f  PCB tox ic i ty .  When compared to f ive controls 

matched for sex , age , and smok ing and dr ink ing hab i ts , the an t i -

pyrene half-li fe was about two-thi rds o f  the control leve l ( 10 . 8  � 
0 . 7  exper imental vs . 15 . 6  ± 1 . 0  control ) . The incr eased ra te o f  

ant ipyr ene clear ance was taken to be an  ind icat ion . of h iqher levels 

of me tabol ic enzyme s in the l ivers of the exposed wor kers . 
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D a t a  from th i s  l im i ted r ev i ew of occripat i onal s tud i es ind i cate 

that symptoms much l i f(e those seen after  PCB ingest ion can occur 

a f ter atmospher ic or dermal expos ure .  Air PCB concentrat ions as 

low as 0 . 1  mg/m3 can produce tox ic ef fects (Medgs , 19 5 4 )  and expo-

sure to levels produc i ng no over t tox ic i ty can af fect l iver func

t ion (Alvares , et al . 19 7 7 ) . Recovery after terminat ion of expo

sure occurs but is slow and depends upon the a�oun t of PCBs stored 

in ad ipose t i s sue (NIOSH , 197 7 ) . 

S ynerg i sm and/or Antagon i sm 

I t  appear s  that the syner g i s t ic antagoni s t ic ef fects of PCBs 
! 

result from the i r  abi + i  ty to induce mi xed f 1Jnct ion ox idases in 
! 

l iver and other t i ssueis , although the ef fects of the accelerated 

me tabol i sm of drugs , such as  phenobar b i  tol 01� hormones , such as  

ketos tero ids and thyro:ic in , have been d i scussed! above . The conse

quences of the PCB induced metabol i sm of car c inoc3enic agents sucn 

a s  benzene hexachlor ide or  aflatox i n  will  be  d i �cus sed below in the 

sect ion on carc inogen ici ty .  

Teratogen ic i ty 

The reproduc t ive e,f fec ts of PCBs in an imals and man have been 

d i scussed above . I t  i s  clear that PCBs readi ly 'cros s the placen tal 

bar r ier  and accumulate in  fe tal t i ssues . Pr imatE� infants exposed 

to PCBs in utero are typical ly retarded in grow th dur ing gestat ion 

( Barsotti  and Allen , 1 9 7 5 ) , and reproduc t i ve f� i l ures ( abo rt ions , 

s t i l l b i r th s )  - ar e  common ( Linder , e t  al . 19 7 4 ) . L ive bor n  animal 

and human infants of ten d i splay symptoms of tox ic i ty common for the 

spec ies ( Kur atsune , et al . 19 7 6 ; L i nder , e t  al . 19 7 4 )  • Howeve r ,  

i nd icat ions of s tr uc tu:cal malforma t ions or gene t ic changes have 
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been rar e .  Vi lleneuve , et  al.  ( 19 7 lb ) noted asymetr ic skull for

mat ion in two rabbi t fe tuses exposed to high levels of Aroclor 12 5 4  

i n  uter o .  A wr i tten commun icat ion by F . L .  Earle ( as ci ted in 

NIOSH , 19 7 7 )  r epor ted unspec i f ied terata in canine pups born to 

females exposed to 4 8  or 2 0 0  ppm but not 2 0  ppm die tary equivalen t ,  

and in piglets from sows fed the equ ivalen t of 5 0  ppm . No ·. add it ion-

al informa tion was g iven . 

Mutagen ici ty 

The mutagenic i ty of d i f ferent PCB pr eparations has been evalu

ated in s ever al tes t systems . The s ingle isomer 4-chlorobiphenyl 

was found to be highly mutagenic in Salmonella tyPh imur ium strain 

TA1 5 3 8  afte r  l iver m icrosomal enzyme act ivat ion (Wyndham ,  et  al . 

1 9 76 ) . The produc ts formed under these act ivat ion condit ions were 

4 -chloro-4 ' -b iphenylol and 4 ' -chloro-3 , 4-biphenyldiol , which , as 

p r ev iously di scussed , are ind icative of arene ox ide format ien 

( S a fe , et al . 19 7 5 ) . I n  the same s tudy , Aroclor 1 2 2 1  was les s  muta-

g en i c  wh ile Aroclor 1254 , 1268 and 2 ,  5 ,  2 ° ,  5 '  - tetrachlorobiphenyl 

wer e  essentially i nact ive . Mutagen ic act ivi ty decreased �ith in

c reas ing chlor ination . 

Recent attempts to repeat the exper iment with d i f ferent cul

tur e s  of the same tester str a in have not detected any mutagenic 

act i v i ty ( S . S af e , personal communicat ion ) . 

Also , 4 -chlorobiphenyl was tox ic but not mutagenic to S .  
-

typh imur ium TA153 8 with or wi thout ac t ivat ion by Aroclor 1254  ( S . 

Rinkus , personal communicat ion ) . 4-Chlorobiphenyl has been shown 

to induce unscheduled DNA synthe s i s , an ind ication of DNA r epa i r , 

in Ch inese hamster ovary cells ( S . Safe , per sonal commun icat ion ) . 
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The Japanese M i n i s tr y  of Heal th and We lfare-suppor ted mu tage

n i c i  ty sc reen ing prog r am invest igated Kanechlo� s 3 0 0  and 5 0 0  ( Oda-
1 

sh ima , 197 6 ) . Both compounds were negative i n  the Salmonella sys-

tem but Kanechlor 3 0 0  was l i s ted as pos i t ive , in  a bacter ial DNA 

r epa i r  assay and a cytc>:gene t i c  analys i s  w i th Yoish ida sarcoma cells . 

Kanechlor 5 0 0  was pos i t ive in a mouse bone mar �ow cell cytogenet i c 

analys is . 

Heddle and B r uce ( 19 7 7 )  repor ted Aroc lor 1 2 5 4  as negat i ve in 

s .  typhimur i um ,  the m icronucleus tes t ,  and '.a  sperm morphology 

assay . Aroclor 1 2 5 4  adm i n i stered to rats at 5 0, mg/kg/day for seven 

days produced no chrom•:>somal abnormal i t ies in ·sperm ( D i k shi th , e t  

al . 197 5 ) . 

The effects of Aroblor 1 2 5 4  and 1 2 4 2  on bone mar row cells were 

evaluated i n  O sborne-Mendel rats (Green , e t  al . :  19 7 5 a ) . An imals in 

g roups of e i g h t  were g i ven s i ngle doses of Arciclor 1 2 4 2  at 1 ,  2 5 0., 
' 

2 ,  0 0 0 , or 5 ,  0 0 0  mg/kg or mult iple doses of 5 0 0. mg/kg/day for four 

days . Aroc lor 1 2 5 4  w;;i. s g i ven for f ive days . a t 7 5 , 1 5 0 , o r  3 0 0  

mg/kg/day . Aroclor 1 2 4 2  was mor e  tox i c  than 1 2 !5 4 . Mi tot i c  ind ices 

were not reduced by Aroc lor 1 2 4 2  treatment and n o  increase in chro

mosomal abnormal i t i e s  \lias observed . Aroc lor 1 2 5 41  reduced the mi

tot i c  i ndex of bone mar row cells at 150  and 3 0 0  i:ng/kg/day but  not at  

the  low dos e .  Aga i n , n,o increase in  chromosomatl abnormal i t ies was 

seen . Cytogenet ic abnormal i t i e s  wer �  found in  sperma togon ial cells 

of an imals tr eated at  5 , 0 0 0  mg/kg or 5 0 0  mg/kg/day Aroc lor 1 2 4 2  but 

not in stat i s t ically s i gn i f icant number s .  

A dominant lethal , tes t  w i th Aroclor 1 2 4 2
1 and 1 2 5 4  was also 

per formed in Osborne-Mendel rats { Green , et al . 1 9 7 5 b ) . Aroclor 
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1 2 4 2  was g iven in s i ng le doses of 6 25 , 1 , 2 50 ,  or 2 , 50 0  mg/kg or f i ve 

dose s  of 125 or 250  mg/kg/day . Aroclo r 1 2 5 4  was g iven in f ive doses 

o f  7 5 , 150 , or 3 0 0  mg/kg/day . Tr eated males were bred to untr eated 

females for the follow ing 10 to 1 1  weeks . No s ignif ican t ,  ef fec t of 

treatment was obser ved on embryo implantat ion or lethal i ty w i th any 

trea tment . 

In summary , the only mar ked gene t i c  ef fec t obser ved at any 

level was w i th the s i ng le isomer 4-chlorobiphenyl . Kanec hlor 3 0 0  

and 5 0 0  produced cytogene t i c  ef fects in  d i f ferent sys tems but Aro

c lor  1 2 4 2  and 1 2 5 4  d id not .  De spi te the apparent weak mutagen i c i ty 

of mos t  PCBs i n  the systems used , the fact that most animals can 

me tabol i ze many PCB i some r s  through an arene ox ide intermed iate 

i nd icates that the mutagen ic  poten t i al of PCBs should not be casu-

ally d i sm is sed . 

car c inogen i c i ty 

The car c i nogen ic  ef fects of PCBs have been evaluat�d in sev-

e r al an i mal s tud i e s . The f ir s t  ev idence of carc inogenic potent ial 

in PCBs was repor ted by Nagasak i ,  et al . ( 19 7 2 )  and in more deta i l  

by I to , e t  al . ( 19 7 3 ) . Male d d  m ice wer e  g iven Kanachlor s 5 0 0 , 4 0 0 , 

and 3 0 0  mixed in  s t andard d i e ts at  5 0 0 , 250 , and 100  ppm for 3 2  

weeks . O f  1 2  m ice surv i v i ng in  the group fed 5 0 0  ppm Kanachlor 5 0 0 , 

seven ( 58 . 3  percent ) had grossly observable nodular hyperplas ia , 

w i th microscop ical ly obse rvable hepatoma s in f ive ( 4 1 . 7  percent )  . 

Tumor s wer e  not observed in the groups treated w i th lower doses of 

Kanechlor 5 0 0 , in any dose of the other Kanechlor s ,  or . in  the s i x  

control animals . K imbrough and L i nder ( 19 7 4 ) treated Bald/cJ mice 

w i th Arochlor 1254 . Mice wer e  exposed to 300 ppm in the d iet for 
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s ix or 11 months . The I1nice exposed for s i x  months were fed con trol 

d iets for the r ema i n i ng f ive months , and ai:L the an i mals wer e  

k i l led and exam i ned at the same t ime . All the an i mals surviv i ng 11 

months ' exposure had enlarged l ivers and adenof i bros i s ,  while 9/2 2 

( 4 1 percen t )  wer e  obser ved to have hepatomas . Of the 24  mice sur-

v i ving s i x  months ' expoisur e ,  mos t  showed some changes in l iver cell 

mor phology , and a d i f f:use inter s t i t i al f i br os i s  was observed in 

about two- thirds of them . One hepatoma ( 0 . 3 : cm d i am . ) was ob-

ser ved . The deta i ls c>f the mouse exper iments are summar i zed i n  

Table 10 . K imbrough and L inder ( 19 7 4 )  r epor ted subcutaneous abcess 

formation in  some mice and one sweat gland adenoma . Ne i ther I to ,  

e t  a l .  ( 19 7 3 ) nor Nagask. i ,  e t  al . ( 19 7 2 )  commented on any pa thology 

other than in the l iver . 

s tud i e s  w i th rat�; have been repor ted by K imura and Baba 

( 19 7 3 ) , K imbroug h ,  et al . ( 19 7 2 , 197 5 ) , and I to ,  et al . ( 19 7 4 )  . .. 

K imura and Baba ( 19 7 3 )  exam ined the ef fects of Kanechlor 4 0 0  on the 

l ive r s  of Donryu s t r a in . r at s . Ten male and ten fema le a n i ma l s  we r e  

exposed , i n  a complex �>r otocol , to amounts o f  :r<:anechlor 4 0 0  star t

ing at 3 8 . 7 .  ppm in food and increas ing to 6 16 ppm as the animals 

i nc r eased i n  we ight . Total amounts ingested , var ied f r om 4 5 0  C.o 

1 , 5 0 0  mg ove r  exposure per iod s  of  1 5 9  to 5 6 0  da�rs . F ive control 

an imals of each sex were used . Fatty degener at ion was obse rved in 

the l iver s  of all expec.imental an imals and two female s in the con

trol group . - Adenoma tous nodules wer e  obser ved i n  all of the fe

males which had a cumulat ive intake of mor e  than 1 , 20 0  mg Kanechlor 

4 0 0 . Nodules wer e  seen in  none of the male s .  A number of hi sto

patholog ical f ind ings wer e  noted in spleen , l�n9 , adrenal cor tex , 

and b r a i n , but no neoplast i c  changes outs ide ;th�� l iver were men

t ioned . 
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.i:i. 

Mouse 
S t ra i n  

<Id 
( J to ,  e t  

a l .  1 97 3 ; 
Nagasak i ,  
(: t a l . 1 97 2 )  

O J l b/cJ 
( K i mbrough 

and L i nder , 
1 97 4 ) 

Sex 

H 

M 

, 

No . 
No. 

d 
Sur-

Treate 
v i v ing 

1 2  1 2  

1 2  1 2  

12  12 

6 6 

50 2 2  

5 0  24 

100 58 

TAl\I.I'! 1 0  

Ev l �ence f o r  Ca r c i nogen i c  P.f fectn o f  PCDs i n  H ice 

L i ve r  Nodules 

PCB ll ie t a r y  Averaqe Exposure 
Adena- Neopl a s t i c  llepatocel l u l a r  I.evel Da i l y  llose T i111e llepato111a Source 

ppia iaq/kg/ctay ( nays) 
f i bros i s  Nodu les Ca r c i no111a 

Kanechlol' 500 500 8 2 . 5a 2 2 4  - 7/1 2 5/1 2 

.. 250 4 1 . Ja - 0/1 2 0/12 

• 100 1 6 . 5a - 0/1 2  0/ 1 2 

Kanechlol' 400 500 82 . 5  0/1 2 0/1 2  

• 250 H . 3  0/1 2  0/1 2 

• 100 16 . 5  0/1 2 0/1 2 

Kanechlol' 300 500 8 2 . 5  0/1 2 0/1 2 

250 4 1 .  3 0/1 2  0/1 2 

Con trol 100 16 . 5  0/6 0/6 

Al'CIClOl' 1 254 300 49 . 8  3 30 2 2/22 - 9/2 2 

49 . 0
b 

180c • 300 0/24 - 1/24 

• - - - 0/58 - 0/58 

a
Ca l c u l a ted u s ing food consumpt ion data f rom � imbl'ough and L i nder ( 19 7 4 )  for Balb/cJ m i ce wh i ch i nd i ca tes a n  average o f  
1 6 5  q/kg/day 

l>
Not calcul a ted d i l'ec t l.y ,. bu t assumed to be s i11Uar to g roup exposed 3 3 0  days 

c
�a i n ta i ned on con t rol d i e t for rema i n i ng 150 days of expe r iment 

" " 
,, 



I to ,  e t  al . {·19 74 ) examined the e f fec ts of Kanechlors 5 0 0 , 

4 0 0 , and 3 0 0  on male W i � tar rats . An imals  we r e '  exposed to dietary 

leve ls  of 1 , 0 0 0 , 5 0 0 , and lOp ppm of 
ieach pr epa r a t ion for 27 to 5 2  

week s , then k i l led and exam ined for patholog ical changes .  No hepa-

tocellular car c i noma w�s obser ved , but cholang iof i bros i s  ( adeno-

f i bros i s )  was seen at the h ighest dose of all three agen ts ( Table 
' 

1 1 )  • Nodular hyperplas i a  was obser ved in an imals tr eated wi th all 

thr ee agents . The h ighe s t  i nc idence was obseived w i th Kanechlor 

5 0 0 . S igni f icant changes were not obser ved in organs other than 

the l iver . 

K imbrough , et  al . ( 19 7 5 )  exposed S herman strain  rats to Aro

c lor 126 0 a t  d i e tary levels of 1 0 0  ppm for 2 1  n�onths . Hepatocel

lular car c i nomas were observed i n  26/18 4 exper imental an imals but 

in only one of the cont1�ols ( 1/17 3 )  • Tumo r s  weir e obse rved in sev-

er al other t i ssues of both exper imental and con1:rol groups , but, . 

they were of low inc idEmce and f r equenc ies weir e s imi lar in both 

g roups . In an ear l ier �tudy , K imbrough , et al . ( 19 7 2 )  fed Aroclor 

1 2 5 4  and 1 2 6 0 to male and female rats for e ight� mon ths . Adenof i

bros i s  was  observed i n  an imals fed 1 0 0  and 500  ppm Aroc lor 1254 , 

w i th the h ighe s t  inc idence in females .  Aroclor 126 0 was assoc iated 

w i th a much lower i nc idence of adenof i bros i s  even in animals  fed 

1 , 0 0 0  ppm . A s ing le bladder tumor was observed �n a treated animal 

but  was probably not the result  of PCB exposure : ( K imbrough , et al . 

19 7 5 ) . The de t a i l s  of the exper iments w i th rat:s are summar i zed in 

Table 11 . 

A repor t  dated November ,  19 7 1  descr ibed a study made by Indus -, 
tr ial B io- tes t Labor a tot' ies  Inc . A br i e f  summa ry c>f the repor t was 
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S t r a i n  Sex 

i,• i sher H 
3 4 4  r a t  
( NC I  I 1 9 7 8 )  

--- --·--- -

•• 

, 

No . 
Trea ted 

25 

��o .  
Sur

v i v i ng 

24 

24 

24 

24 

25 23 

24 

22 

"- 24 

PCB - 

Source 

Aroclor 1254 

· - ·---·- ----------------- -----

'l'ADLE 1 1  (con t . ) 

D i e t a r y  
Level 
PP• 

0 

2 5  

5 0  

100 

0 

2 5  

5 0  

Average 
Da i ly Dose 
mg/kg/day 

0 

J . 3Ue 

2 . 7 5
e 

5 . 5e 

0 

l . 38e 

2 . 7 5e 

Exposur e  
Time 

( Days ) 

-

7 3 5  

7 3 5  

7 3 5  

-

7 3 5  

7 3 5  

100  - - · - 5 , 5e _ � �  -- 7 3 5  - -

Nodular 
Hyperplasia 

0/24 

5/24 

8/24 

1 2/24 

0/23 

6/24 

9/22 

- 0  -11124 

.. 
' 

Prol i fe r a t i ve Changes ------
Hepatocel lular comb ined-

Carci noma Hematopo i e t i c  
and Adeno•a and L i ve r  

0/24 5/24 

0/24 2/24 

1/24 9/2 4  
3/24 1 2/24 

------ -- - -

0/23 4/23 

l/24g 
, 

U/2 4 

l/22 u;:a 
- 2/2 4 - - --· 

9/2;1 ·-

------- ------------ ----· - -



(') 
I 
3\ 
Q) 

' 

S t e a  i n  Sex No. 
•rceated 

No. PCD Sur- Source v i v lng 
- ··- - - ----- - . -·- ----� -------

Sher11an F 200 184 Aroclor 1 260 
( K imbroug h ,  
et al . F 200 174 None 
1 97 5 )  

--- ·-----

:>her man M 1 0  1 0  Aroclor 1260 
{K i mbrough ,  

e t  a l .  F 10 10 • 

197 2 )  
1 0  8 • 

1 0  2 • 

M 1 0  10 Aroclor 1 2 5 4  

1 0  1 0  • 

1'' 10 1 0  • 

ltl 9 • 

--- ---
a ran9e 1 !> 9 - 5 3 0  
branye 244-560 
crange of cum� lat i ve i ntake 4 !>0- 1800 119 
drangc o f  cu111u l a t i ve i n take 700- 1500 ag 

'!'ADLE 1 1  (cont . )  

D i e tary 
Level 

ppm 

Average 
Da i ly Dose 
lllCJ/k9/day 

100 4 . 9 f 

1 , 000 7 1 . 4  

100 7 . 2  

500 3 8 .  2 

1 , 000 7 2 . 4  

100 6 . 8  

500 36 . 4  

100 7 . 5  

500 37 . 6  

Exposur e  
Ti•e 

( Days ) 

_________ ___l! iver Nodules_ -- · _ _ _  _ 

Adena- Neoplas t ic Hepatoce l l u l a r  
f ibros i s  Nodules CarcinOMa 

et.>ata not prov i ded . Calcu lated froa K iabrough,  et a l .  1975 , i ra which Sheraan cats showed s im i lar  weight ga i n  ove r the sa111e exper imental per iod . 
i'.l'i1ue we i gh led -

average calculated - f r<>11 Figure 2 i n  K imbcougli; et al . l!J75 

gHE:por ted as und i f ferent iated carcinoana of the l i ver , 11etasta t ic 
* 290 ani1na l s  tota l in 10 g r oups 

:I < 
" 

.. 



presen ted at the Natic>�al Conference on Polychlc)r inated B i phenyls 

( 19 7 6 ) , and a more detai led analys i s  was pr esented by the u . s .  EPA 

{ l 9 7 6 a )  • One thousand Charles River. rats we!re div ided into ten 

treatment groups . F i f 1:y male and S O  female rat.s  :served as  a common 

control group . Each of nine tr eated groups contai ned S O  animals of 

each sex . Groups were fed l , 10 and 10 0 ppm of Arc:>c lor s  1242  ' ·  l2S4 , 
: 

and 1 2 6 0 , respec t i vely . Treatment was in i t iated w i th 4- to 6-week-

old an imals and con t inu.ed for a total of 24 mont:hs . F i ve animals of 

each sex were sacr if  icE�d at  3 ,  6 ,  and 12  months , leav ing 35 an imals 

in each group at  the beg inn ing of the second year . In add i t ion , 

mor tali ty was high , le11v ing only 6 to 21  animals r ema i n ing in each 

tr eatment/s ex subgroup by the end of the expe.r iment . As seen in 

the prev ious ly descr ibed stud i es , the pr inc ipal ef fects  were ob

served in the l iver . Vacuolar changes and h�perplas ia were the 

major abnorma l i t ie s  orig inally noted in the treated animals . �� 
add i t ion , chromophobe a.denomas of the p i tui ta ry wer e  found in e ig h t  

of nine treated groups b u t  not in the controls .  In 19 7 5  the or i g i

nal l ive r s l ides wer e  r e-evaluated wi th r a ther d i f ferent results . 

The combined r esults fc>r an imals trea ted w i th JLO O  ppm of all three 
i 

Aroclor s included l l  hE!patomas , 5 cholang iohepatomas ; and 2 8  nodu-

lar hyperplas i as . Hep21tocellular carcinomas WE!re not observed . 

Recentl y ,  a b ioas 1;ay for the poss ible ca rcinogenes i s  of Aro

clor 1254  has been c(:mducted by the Nat ionctl Cancer Ins t i tute 

( 19 7 8 ) . In �h i s  s tudy , 2 4  F i scher 3 4 4  rats of each sex we re orally 

adm i n i s tered Aroclor 1254 at 2 5 , S O , or 1 0 0  pptn for 104  to 105 

week s . Matched control s  cons i s ted of 2 4  untr eated rats of eac h 

sex . Mor tal i ty among the treated males was s: ign i f icantly higher 
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than among the controls and related to dose ( P  0 . 0 0 1 )  but was not 

d i fferent among the female s ( P  0 . 0 5 ) . Inter s t i t ial-cell tumors of 

the testes in males and leukemias of e i ther granulocyt ic or lympho

cyt ic type were observed fr equently in both control and treated 

an imals .  Tumors were observed in several other ti ssues but the ir 

presence d id not cor relate w i th treatment .  Proli ferat ive les ions 
' 

o f  the l i ver were common in treated an imals but were not found in 

controls .  The types and frequenc ies of les ions are detai led in 

Table 1 1 . They included nodular hyperplasia in all treated groups 

increas ing in f r equency w i th dose , adenomas (one male , three fe-

male s )  and hepatoce llular carcinoma ( three male s ,  no female s } . In 

add i t ion , adenocarc inomas of the stomach , jej unum or cecum of two 

t reated males and two treated females but no controls were ob-

served . Stat i st ical analys i s  of the frequenc ies of tumors and pro

l i ferat ive les ions ind icated that the comb ined inc idences of leuke-

m i a  and lymphoma in treated males were s ig n i f icant by one tes t  

( Cochran-Armi tage tes t  for pos i t ive dose-r elated trend) , but not by 

a more str i ngent test ( F i sher exact tes t ) . The tumo r s  of the liver 

and gastrointest inal trac t  were not stat i s t ically s ign i f icant � how

ever , the occur rence of nodular hyperplas ia appeared to be related 

to treatment . The study concluded that A�oclor 1254  was not carc i

nogen ic i n  F i scher  344 rats . However ,  the h igh fr equency of hepa

tocellular prol i ferative les ions was cons idered to be a result of 
-

treatment ,  and the carc inomas of the gastrointest inal tract also 

were cons idered poss ibly assoc iated w i th the treatment .  

The tumors observed in rodent exper iments w i th PCBs were pre

dominantly adeno f ibros i s  ( cholang iof ibros i s ) , neoplastic nodules , 
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and hepatocellular carc:inomas . S tewar t and SnE!ll ( 19 57 )  conc luded 

that adenof i bros i s  cannot be cons ider ed to be � pre-mal ignan t le

s ion , wh i le Reuber ( 19 6· 8 ) proposed tha t cholan�r iof i bros i s  might be 

a precur sor to cholang ioca r c inoma . Neoplas t ic: nodules have been 

obser ved before the appear ance of carcinomas in several s tud ies 

w i th known carc inogens ( Kimbrough , e t  al . 19 7 5 ) . Well-d i f feren t i -

ated mouse hepatomas hi!Ve been shown to be potent ially mal ignant , 

w i th a propor t ion be i n·g transplantable and capable of metas tas i s  

( Andc r vant and Dunn , 1 9 5 2 ) . 

Several conclus ion.s can be drawn from the r esults of the ro-

dent s tud i e s . A cor r Eelat ion between degree c)f chlor inat ion and 

t umor induc ing potent i a.l was obser ved· in mice .: ( I to , et al . 19 7 3 )  

and rats ( Ito , e t  a l .  l�n 4 ) w i th the mos t  hig hl�· chlor inated pr epa-
• ' 

r at ions be i ng mos t  potent .  However , Aroclor 12541 was more potent 

than Aroclor 1 2 6 0  in rat s .  Wher e  exam ined , femal•! rats wer e  foun�. 

to be more sens i t i ve than males ( K imur a  and Baba , 1973 ; K imbrough , 

e t  al . 19 72 ) . No compar i sons of sex-r elated e:E fect s  wer e  made in 

mice . 

I t  should be noted that none of these s tud ies  was a l i fetime 

s tudy . I n  all case s , animals wer e  treated for f i xed t i mes then 

k i lled and exam ined . Mo l i fe t ime s tud ies w i th PC!Bs wer e  found in 

t h i s  survey . Such s tud ie s ,  i f  avai lable , might ind icate mor e  

c lear ly the s ign i f icance of the potent ially pr enE!opla s t ic les ions 

induced by PCBs in the s tudies descr ibed her e .  

Data_ on the pos s i ble carc i nogenic i ty o f  ,PCE�s i n  humans are 

sketchy at thi s t ime .  The large s t  g roup of i!xposed ind iv idual s 

followed long i tud i nally are the "Yusho" pat ients . By late 1973 , 
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two of ,  1 , 29 1  pat i ents had died , n i ne of them w i th mal ignant neo

p lasms ( two stomach cancer , one stomach and l iver cancer , one l ive r 

cancer with c i r rhos i s , one lung cance r ,  c::me lung tumor , one breas t 

cancer , and one mal ignant lymphoma ) (Ur abe , 197 4 ;  Kur atsune , et al . 

1 9 7 6 ) . The authors did not have suff ic ient information to make a 

detai led· ep idemi.olog ical analys i s  but concluded that 9/2 2 deaths 

f rom cancer may represent an excess of deaths . 

Two cases of mal ignant melanoma wer e  repor ted in a group of 3 1  

i ndus tr ial wor kers exposed " heav i ly" to Aroclor 1254 i n  the process 

of its manufac tur e .  Based on a per son-year analys i s  and the use of 

the Th i r d  Nat ional Cancer  Survey inc idence rates ( NCI , 1978 ) , 0 . 0 4 

mal ignant melanomas would have been expected mak ing these da ta s ig

n i f icant at the O .  O OJ. leve l .  In .add i t ion ,  one o f  4 1  wor kers  ex

posed to lower levels of Aroclor 1 2 5 4  developed a mal ignant mela

noma ( Bahn , et al . 1976 ) . 

Although these stud ies i nvolve small number s  of ind iv iduals 

and prov ide l i ttle i nformat ion about exposur e or othe r relevan t 

factor s ,  they do suggest that human exposure to PCBs may be assoc i

a ted w i th increased r i sk of neoplas i a .  

In addi t ion to the car c i nogen ic ef  fee t s  observed with PCBs , 

they have been shown to have a s ig�i f  icant ef fect on the carc ino

g en i c  prope r ti e s  of other substances found in the environment . The 

co-carc inogen ic proper t ie s  of the PCBs result from the i r  abi l i ty to 

i nduce the - m i xed funct ion ox idases , par t icularly in l iver , as d i s

cussed in the Acute , Subacute , and Chron ic Tox ic i ty sect ion . I to ,  

e t  al . ( 19 7 3 )  observed that d ietary levels  of 2 5 0  ppm I<anechlor 

5 0 0  mar kedly promoted hepatocellular carc inoma and nodular hyper -
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plas ia in  mice exQosed to benzene hexachlor ide at l e ve l s  o f  1 0 0 or 

250 ppm in the d i et . Kanech lor 4 0 0  at  1 0  or � lOO ppm in the d i et 

fa i led to promo te cerv ical carcinoma or prog r ess ion towa rd it in 

mice exposed to 2 0-me! thylcholanth rene saturaited th read imolanted 

in the cervix and uterus ( Uch iyama , et al . 1 9 7 4 ) . Ito ,  et a l .  

( 19 7 8 )  ob served a pr onounced increase i n  the ,inc idence o f  preneo

plast ic , hyperplas t ic nodules i n  N- 2-f luorenylacetam ide treated 

ra ts . The an ima l,s we re fed 1 , 0 0 0  pt;>m PCR ( tyi::1e not spec i f i.. ed ) for 

e .t  weeks follow ing two weeks exposure to the carc inogen . Th i s  

i ncrease in or eneoplas t ic les ions over a short  pe r iod was tak en to 

be a s ign i f icant ind icator o f  car c i nogen ic act i v i ty .  The ab i l i �y 

of  Aroc lor 1 2 5 4  to initiate ( as oooosed to pr1omote)  tumors in the 

two-s tage mouse s k in system was recently exam ined by D i� iovann i ,  et 

al . ( 19 7 7 ) . Aroc lor 1 2 5 4  proved to be a weak i n l t iator of pap il lo

mas when a 1 0 0  ug treatment of sk in was followed by 3 2  weeks 9t 
I 

treatment w i th the t;>romotor 1 2-0 -tetradecanoyl�ohorbol-1 3 ' acetate . 

When u s ed in comb ina t i on w i th the oot e n t  i n i t i a tor d i me thy lbenzan-

thracene Aroc lor 1 2 5 4  s l ightly increased the inc idence of t;>ao i l lo

mas .  Aroclor 1 2 5 4  alsio fa i led to promote sk i n  tumors i n i t iated by 

d ime thylbenzanthracene in the same sys tem ( 10 0  'Ilg Aroclor 1 2 5 4  

appl ied tw ice week ly f1or 3 0  week s )  ( Be r ry , e t  al . 19 7 8 ) . 

Kanechlor 5 0 0  proimoted heoatocellular cai�ci noma i n i t iated by 

d iethyln i trosam ine ( DENA)  in ma le Wistar rats ( N i sh i zum i , 1 9 7 6 ) . 

Promot ion was observed when PCB tr eatment was begun one week f.ol-

low ing the end of  DENA treatment .  The number of tumors was s ign i f 

icantly h ig h e r  in rats tr eated w i th DENA and PC'B than DENA alone or 

DENA and phenoba r b i tal. , al though a promoting ef feet was obse rved 

w i th the latter drug as we ll . 
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Hepatocarcinogene s i s  i n i t i ated by 3 ' -methyl-4-d imethylami no

azobenzene ( 3 ' -Me-DAB ) in female oonryu s tr a in rats was promoted by 

oral administration of PCBs following ini tiation .  Tumor inc idences 

in animals treated w i th 3 ' -Me-DAB + PCB , 3 ' -Me-DAB alone , or PCB 

alone wer e  6 4  percent , 13 percent , and 0 percent , re�pect ively . 

PCB treatment preced ing or s imultaneous with 3 ' -Me-DAB treatment 

did not produce tumor s { K imur a ,  et al . 1976 ) . 

By contrast to the hepat ic co-carc inogenic ef fects of PCBs 

observed by K imura , et  al . { 19 76 ) , Nishi zumi  { 19 7 6 ) , and I to ,  et 

al . ( 19 7 3 , 19 7 8 ) , other invest igator s have observed an inh i b i t ion 

of tumor format ion or growth in the presence of PCBs . Mak iur a ,  et 

al . ( 19 7 4 )  fed male Sprague-Dawley rats 3 ' -Me-DAB , 2FAA , DEN , or 

pai r -wise combinations of them for 20 weeks followed by . four weeks 

on a stock diet . Inc idence of hepatocellular carcinoma ranged from 

6 5 . 2  to 9 2 . 3  percent , and nodular hyperplas ia reached 100  perceat 
! 

in animals fed pai r s  of carcinogens . The addi t ion of 5 0  ppm Kane

chlor 5 0 0  to the diet resulted i n  a large decrease in the tumor 

i nc idence and l iver weight as compared to carc inogen treatment 

w i thout PCB s . PCBs alone induced no tumors  or hyperplastic nodules 

but did result in an increased l iver weight.  The pr incipal di f fer

ence between thi s  s tudy an� those of I to u  et al . { 19 78 ) , N i shi zum i  

( 19 7 6 ) , and K imura ,  et al . ( 19 7 6 )  us ing the same chem icals i s  tha t 

PCB exposure was delayed unt i l  after the in i t iat ing treatment i n  

the latter -s tud ie s .  Thi s  suggests that the induct ion of mi xed 

f unc t i on ox idases by PCB at the t ime of carc inogen treatment re

sults pr imar i ly in the inact ivat ion of the chem icals and that the 

promot i ng ef fec ts observed w i th sequent: ial exposure �esult from 

C-74 



some other mec hari i sm .  The co-carc i nog enes i s  1:)f PCBs w i th s imul ta-

neous exposure to BHC may reflec t a d i f fer ence in- the ! iv.er me tabo-

l i sm of th i s  compound . 

I n  rainbow trout 1 Salmo gai rdner i i , 1 0 0  ppm Aroclor 1254  added 
''• 

to the d ie t  reduced t:he s i ze and fr equenc ies of l ive r tumors  in-
,, 
: 

duced by 6 ppm aflatox in s1 a f ter a one year . exposure ( Hendr ic k s , 

et  a l .  19 7 7 )  . 
'� 

In  add i t ion to the inh i b i t ion of tumor induct ion by some chem-

ical s ,  PCBs wer e  also · shown to inh i b i t  the growth of exper imental 

tumors  in rats . Spr ague-Dawley rats  were inoculated wi th  Walker 

2 5 6  Carc inosarcoma cells and the ef fect s  of PCBs determined . Both 

d i e tary (Kerkvliet and K imeldor f ,  1 9 7 7 a )  and inj ected (Kerkvliet 

and K i meldor f ,  1977b)  Aroclor 12 5 4  reduced the. s i ze of sol id tumo r s  

and incr eased an imal l i fe span . Total d i e tary PCB intake of 1 , 10 0  

t o  2 , 0 0 0  mg/kg over a 4 0 -day per iod reduced tumor weight to 6 0  t o  .� o 

percent of control in both male and female rats . Aroclor 1254  in-

j ec ted intraper i toneally reduced the ef f ic iency c:>f tumor takes when 

1 0 3 tumor cells were inj ected from 8 1 .  3 in co1:ltrol to 5 0 . O percent 

in animals, receiving 2 0 0  mg/kg/day . Mean tumc:>r s i zes were reduced 

and l i fespans increased by PCBs in an imals : i r1oculated wi th 10 7 

tumor cells .  Adminis tr a t ion of PCBs for f ive days preced ing tumor 

inoc ulation or the f i. r s t  f ive days af ter inoc:ulat ion was mor e  ef-

fec t ive than adm i n i strat ion between days 5 and 1.0 . 
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CRITERION FORMULATION 

E x i s t ing Guidel ines and S tandards 

The Tox ic Substances Control Act ( TSCA) ( P . L .  9 4 -4 6 9 ) was 

s igned into law October 11 , 19 7 6 . Prov i s ions in sect ion 6 ( e)  of 

the law spec i f ically r eg u late the manufac tur e ,  sale , d i str ibut ion , 

and d i sposal of PCB s � Manufactur e ,  sale , or distr ibut ion of · PCBs 

was restr icted to sealed systems as of October 11 , 19 7 7 .  Manufac

tur e  was banned as of ·January 1 ,  19 7 9  and all process ing and dis

t r i bution in commerce ceased July 1 ,  19 7 9 . Allowance for certain 

exempt ions i s  prov ided in the law . The proposed r ules to implemen t 

the terms of sect ion 6 ( e )  of TSCA were released June 7 ,  1978 ( 4 3  FR 

2 4 8 0 2 ) . Proposed rules on the di sposal of PCBs wer e  released Feb-

r uary 17 , 1 9 7 8  ( 4 3  FR 7 15 0 ) • The u . s. Env ironmental Protect ion 

Agency has proposed a water quali ty c r i ter ion for the protect ion of 

f reshwater and mar ine l i fe of 0 . 00 1  µg/l ( U . S .  EPA , 19 ?6 b ) . The 

Food and Drug Adm i n i s trat ion e s tabli shed tolerance level.s in food s 

i n  19 7 3  ( 3 8  FR 18 0 9 6 ) and proposed new toler ance levels fur ther 

restr ict ing levels in 1977  ( 4 2  FR 1748 7 ) . Both the cur rent allowed 

level s  and' the proposed level s  wer e  presented in Table 3 .  

The occupat ional exposur e l imits  adopted in 19 6 8  are based on 

the recommenda t ions of the Amer ican Conference of Governmental 

Industr ial Hyg ien i s t s  (ACGIH , 19 6 8 ) . They set the t ime-we ighted 

average e ight-hou.r exposure l imits  to 1 .  0 mg/m3 for mixtures con

tain ing 4 2  percent chlor ine and 0 . 5 mg/m3 for m i x tures containing 

5 4  percent chlor ine . The newly recommended standard proposed by 

NIOSH ( 19 7 7 ) i s  1 . 0  µg/m3 a i r  TWA over  a 10-hour day �nd 4 0-hour 

wor k  week . 
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Cur rent Levels ot Exposure 

Human exposure to PCBs in the Un i ted S tates has been broad . 

Sever al s tud i e s  of t i s sue . and plasma levels of PCBs have detected 

them in a high  percentage of randomly chosen :subj ect s . Yobs ( 19 7 2 )  

de tected PCBs in 3 1 .  l percent o f  6 3 7  human , adipose t i s sue . The 

National Human Mon i tor ing Prog r am for Pest ic ides in f i scal year s  

19 7 3  and 197 4  found I?CBs i n  3 5 . 1  and 4 0 . 3  pe rc�m t of ad ipose t i s-

s ues  tes ted ( Kutz  anid S tr assman , 1 9 7 6 } . Table 12 ind icates the 

d i s tr ibut ion of PCB concentrat ions in the 9opulat ion .  A s tudy of 

Canad i an human ad ipose t i ssue PCB levels four�d 1 ppm or more in 3 0  

percent of 17 2 samples ( Gr an t , e t  al . 19 7 6 > : · The eas tern prov-

i nces , par t icular ly Ontar i o , had the highes t i nc idences . Average 

ad ipose t i s sue PCB le�vels wer e  j us t  below 1 mg/kg ( ppm) w i th male s 

hav i ng s l ig h tly h ighe!r accumulat ions than females . The same s tudy 

found human breast m i lk to con t a i n  about l 1�/kg on a fat bas � � ·  

PCBs wer e  detec ted i n :  8 of 4 0  samples of breai�t milk  i n  Color ado at 

levels be tween 40 and 100 ppb ( whole m i lk ) . :! The Japanese s tudy 
,, 

descr ibed ear l i er found aver age levels i n  4 0 0 mi.lk  s ample s of about 

30  ppb ( Yakush i j i ,  e t  al . 19 7 7 ) . PCB levels in  plasma i n  u . s.  popu-

lat i ons wer e  detec ted i n  4 3  percent of 7 2 3! samples .  Levels in 

pos i t ive s amples r anged from 1 . 5  to 29 ppb w i th cl mean around 2 to 3 
' 

ppb . Wh i te popula t i ons had h igher level s  than black populat ions 

( F inkle a ,  et al . 197 2 ) . 

As di scussed i n  the sec t ion on exposur e , , the med i an water l e v

els of PCBs a r e  around 0 . 1  to 0 . 3  ug/l in pos i t iv·e s ample s w i th 0 to 

20  percent of samples be i ng pos i t ive around the U . S .  ( Denn i s ,  

19 7 6 ) . Ave r age PCB intake in food was e s t imated in the mid-19 7 0 ' s  
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Data 
Source 

Yobs , 
1 9 7 2  

FY 1973  
S ur vey 

FY 1 9 7 4  
Survey 

*Source : 

TABLE 12 

Levels of Polychlor inated B iphenyls 
i n  Human Ad ipose Tissue* 

Sample Percent Percent Percent 
S i ze Nondetected l ppm 1-2 ppm 

6 8 8  3 4 . 2  3 3 . 3  27 . 3  

1 , 27 7  2 4 . 5  4 0 . 2  29 . 6  

1 , 0 4 7  9 . 1  5 0 . 6  3 5 ,. 4 

Kutz and S tr assman , 1 9 7 6  
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to be about 9 iig/day w� th f i sh be ing the ma jor d i etary source . Am

b ient air  concentr at ions are around 1 0 0  ng./m3 ( Kutz and Yang , 

1 9 76 ) . 

Spec ial Groups at Ris � 

The pr eced ing d iscuss ion of human expo!sure makes clear the 

fac t tha t a h igh percentag e  of the U . S .  populat ion has been and i s  

exposed to low levels ·Of PCBs i n  food , wa te r I and a i r . Those groups 

at par t icular r i sk for PCB exposure include ir.tdustr i al wor kers ex

posed in the workplace , ind i v iduals consuming �arge amounts of con

tam i nated f i sh ,  such a ,s spor t f i sherman ( 4 2  FFl 1 7 4 8 7 ) , and nur s ing 

i nf ants who , per kg body we ight ,  may accumulate s igni f icant body 

burdens from the levels in human br eas t m i l k . : W i th the ces sat ion 

of  manufac ture of PCBs by Monsanto in 1977  and the grea t  decline in 

i ts use which should r c! sult from the implementc:tt ion of sect ion 6 ( e }  
' 

o f  TSCA , indust r ial e��posure should dec l ine sub!;tant ially . S ince 

many PCB-containing sealed systems can be expec:::ted to remain i n  

service for many year s ,  cont inuing v i g i lance �ill  b e  necessary to 

minim i ze acc idental pollut ion of waterways or a i r  and to pr even t 

f u r ther occupat ional exposure . 

Bas i s  and Der ivat ion of  Cr i ter ion 
' ' 

I n  a r r iving a t  a c r i ter ion for PCB levels i n  amb ient wa ter s  

seve r al facto r s  mus t b•� taken into account .  F i r s ·t ,  PCBs are h ighly 

per s i s tent in the env i ronment and accumulate . to a h igh  deg ree in 

food webs . - As di scus i;ed in the sect ion Inges1.t ii::>n from Foods , an 

aver age bioaccumulat ion factor for PCBs in ali f r eshwater f i sh and 

shell f i sh o f  3 1 , 20 0  has been de termined . As : a  consequence , PCBs 

leave the env i ronment very slowly once they have entered i t .  Not 
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only do PCBs Pe rs i s t  and accumulate in the env ironment but in man 

as wel l .  The cur rent env ironmental leve ls are not produc ing obv i

ous acute ill health in the general popula t ion . However , several 

animal stud ies repo r t  tha t PCBs produce a 1carcinogen ic response and 

that they may enhance the carc inogen ic activ i t ie s  of other sub-

s tances . 

Although other adverse e f fects of PCB exoosure could be used 

as a bas is for formulat ing a cr i ter ion , carc inogen i c i ty will be 

used for a var iety of reasons . �he most extens ive chron ic stud ies 
I 

w i th PCBs have iden t i f ied carc inogen ic i ty as the maior end po int . 

Although no carcinogen ic i ty stud ies have been extended to more than 

one generat ion and f i rm data ex i st only for the female rat , a cred-
' 

ible carc inog en ic response to PCBs has been demonstrated and cannot 

be ignored . K imbrough , et  a l .  ( 197 2 )  <)bserved an inc idence of 

hepatocellular carcinoma of 26/1 8 4  in  treated rats compared ·to 

1/173 in controls . The Nat ional Cancer Insti tute (NCI ) bioassay 

observed a lower percentage of heoatocellular carcinoma at a s im i -

lar dose level wh ich was stat i s t ically not s ign i f icant because the 

number of an imals was low . In  add i t ion , a number  of nonmal ignant 

prol i ferat ive processes observed in l iver at h igh frequenc ies in 

the PCB-treated an imals in  these stud i es were also observed in both 

rats and m ice in other stud ies ( I to , et a l .  1973 , 197 4 7 Kimura and 

Baba 1973 : T< imbrough , et al . 19 7 2 :  K imbrough and Linder , lq74 ) . 

PCBs wer e  clas s i f ied as carc inogenic by the Internat ional Agency 

for Research on Cancer ( IARC , 197 4 ) . Ev idence from human oooula-

t ions suggests but does not con f irm an increase in cancer frequency 

due to PCB exposure (T<uratsune , et al . 19 76 : Bahn , 19 7 6 ) . P t nally , 
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a theor e t ical bas i s  ex i sts for the quan t i  tat i vE! ex t r apola tion of 

car c inogen ic effects in treated an imals to human populat ions . var

ious models , such as il:he one used below , can 'pr c::>v ide quanti tat ive 

r i sk est imates based cm animal data and cer t a i n  assumpt ions about 

the induction of neoplas i a ( e . g .  one-h i t  or m�lti- h i t  induct ion) . 

No bas i s  .ex i s ts for extrapolat ion w i th ma the;mat ical models from 

an imal s to man for many other k inds of b iolog i6al e f fects . 

Al though the cr i t'er ion es tabl i shed below: i s  based on animal 

carcinogeni c i ty data , it should also be noted that other adver se 

ef fects have been observed in mammals at  le11els below the dose 

which produces tumors in rats . The carc inogenic ef  feet was ob-

served in rats consum i ng an average of 4 . 9  mg/kg/day . D ietary lev

els at 2 . 5  ppm produced adverse reproduct ive ef fe•::ts in Rhesus man-

k eys (Allen and Bar sot t i , 19 7 6 ) . I f  a food in·�ak.e o f  3 5 0  g/day i s  
i 

assumed , the PCB dose . i s  14 6 µg/kg/day in 6 kg .animals . At th i s  

t ime no data a r e  avai lable to ind icate the m :inimal level i n  the 

d i et a t  wh ich PCBs produce tox ic ef fects in Rh�sus monkeys . 

I n  ·mink , ingest ion of a s  l i ttle as  6 1  mg c)f Aroclor 1 2 5 4  ove r 

n i ne months or 9 0  mg of Aroclor over four month:? resulted in sharp-

ly reduced r eproduct ion ( Auler ich and R i nge r , : 19 7 7 ) . Assuming a 
' 

we ight of 1 kg for adult mink and a food intake of 1 5 0  g/day , the 

PCB dose at  2 ppm was clbout 3 0 0  µg/kg/day , wh ic:h is s imi lar to the 

level prod uc i ng reproductive tox ic i ty in monke�rs .  

These cfata can be used i n  one approach to develop ing a n  amb i -

e n t  water qual i ty cr i ter ion . I f  3 0 0  µg/kg/day i s  taken as the 
' 

lowe s t-obse rvable-ef fec:t- level ( LOEL ) , then a.n Acceptable Daily 
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Intake (AD I )  can be calculated for a 7 0  kg man us ing an u$cer tainty 

factor of  10 0 :  

3 0 0  x 7 0  
= 210 µg/day 100 

Assum ing that exposure to PCBs i s  baised on the consumot ion of 

2 l i ters ·of dr ink ing water , 6 .  5 g ( 0 .  0 0 6 5  kq) of · f i sh and shell-

f i sh , and a b ioconcentrat ion factor of 3 1 , 2 0 0 1 then the · follow inq 

calculat ion can be made : 

x [ ( 2 1 )  + ( 0 . 0 0 6 5  x 3 1 , 20 0 ) ] = 210  µg 

x = 1 . 0 3 µg/l 

As w ill be seen later , the carc inogen i c i ty cr i ter ion i s  lower 

and presumably mor e  caut ionary . 

An assessment of carc inogen ic r isk will be. made by extrapola

t ion f rom an imal data us i ng a l i near ized multi stage (non-threshold) 

model . The extr apolat ion used takes into account ' the bioaccumula

t ion of PCBs in f i sh and shell f i sh . I t  i s  assumed that an average 

of 2 l/day of water are consumed along with 6 . 5  g of f ish taken from 

th'at water source . Exposures from o ther food sources , a i r , or oc

cupat ional exposure are not included in the c r i ter ion level der ived 

by t h i s  mod e l .  

Among t h e  s tud i e s  rev iewed in th i s  document , only one appear s 

sui table for use in  the cancer r i sk assessment . None of the mouse 

s tud ies i nvolved feed ing for most or all of a l i fetime and are 

ther e fore unsu i table . Of the rat stud ies , the only one involv ing 

long term exoosure and adequate number s  of  an imals i s  the study of 

Sherman rats by K imbroug h , et a l .  ( 19 7 5 ) m 

Th i s  study has some drawback s  in that i t  lacks any ev idence of 

a dose-re sponse ( due to the use of  only one dose leve l)' 1 it  tests 
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only one sex ·of the spec i e s , and only one commercial m i x t u re of 

PCBs . Ye t the exper im�ntal des ign is a good one in many ways : the 

treatment was g iven ov�r a long por t ion of the l i fe span ; there was 

an appropr iate route ( food ) and distr ibut ion of exposure ( un i form 
'r 

dose over t-ime) : the author s prov ided good documentation of the 

ac tual intake dos e ;  a isuff  ic iently large numbe r of exper imental and 

control an imals were ,used to detect a sta t i ;s t i cally s igni f icant 

inc rease in tumor s ;  and there was a thorough , and well documented 

desc r ipt ion of the pat:.hology ( hepatocellular 1:::arc inoma ) • The NCI 

s tudy ( 19 7 8 )  was the only other s tudy involv ing a long- term expo

sure and was suggesti  vc! of a ca·r c inogenic ef fedt : however , the lack 

of an adequate number of animals render s  i t  unsui table as a s tudy 

upon wh ich to base an •es t ima te of car c i nogen ic r i s k .  

Under the Consent: ,  Decree in NROC · v .  Tr ain , cr i ter ia a r e  to 

s tate " r ecommended maJt imum permi ss ible concentrat ions ( includ ing 

wher e  appropr iate , zero)  cons i s tent w i th the p�otect ion of aquatic  

organ i sms , human heal th , and recreat ional act i v i t i e s . "  PCBs are 

suspected o f  be i ng human carc inogens .  Because there is no recog-

n i zed safe . concentr ation for a human carc inogen , the recommended 

concentr at ion of PCBs in water for max imum protect ion of human 

health is zero . 

B ecause attaining a zero concentration level may be infeas i ble 
' 

in some cases and i n  01cde r  to ass i s t  the Agency and States in the 

pos s i ble future development of water qual i ty r egulations , the con

centrat ion of PCBs cor respond ing to sever al inci: emental l i fet ime 

cancer r i s k  levels  have been est imated . A cancer r i sk  level pro-

vides an est imate of the add i t ional inc idence of cancer that may be 
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expected in an ext;)osed populat ion . A r i. sk of 10- 5 for examp le ,  i n-

d icates a probabi l i ty of one add i t ional case-- of - cancer for every 

100 , 0 0 0  people exposed , a r i sk of 10-6 ind icates one add i t ional .. 

case of cancer for every m i ll ion people exposed , and so for th . 

In  the Federal Reg i s ter not ice of ava i lab i l i ty of draft amb i-

ent water qual i ty cr i ter ia , EPA s tated that it is cons ider ing set

t ing cr i ter ia at  an inter im target r i sk level of 10- 5 , ' 
io-6 , or 

10 -7 as shown in the table be low . 

EXEosure Assumptions Risk  Levels and 
(per day) 

10-7 
-

2 l i ter s  o f  dr ink ing 
water and consumpt ion 

0 . 00 7 9  ng/l of 6 . 5  g f i sh and 
shellf i sh .  ( 2 ) 

Consump t ion of f i sh 0 . 0 0 7 9  ng/l and shellf i sh only . 

Cor r esponding 

10-6 

0 . 07 9  ng/l 

0 . 0 7 9  nq/1 

Cr i ter ia ( 1 )  

10-s 

0 . 79 ng/l 

0 .  7 .9 nq/l 

( 1 )  Calculated by apply ing a l inear i zed mult istage model as d i s

cussed in the Human Heal th Append ices to the October 19 8 0  Fed

eral Reg i s ter not ice wh ich announced the ava i lab i l i ty of th i s  

document .  Appropr iate b ioassay data used in  the calculat ion 

are presented in the Append ix . S ince the extra�olat ion model 

is l inear at  low dose s , the add i t ional l i fet ime r i sk is d i �  

rect ly propor t ional t o  t h e  water concentr at ion. · Therefore , 

water concentrat ions cor respond ing to other r i sk leve ls can be 

der ived by mul t iply ing or d iv id ing one of the r i sk levels and 

cor respond ing water concentrat ions shown in  the table by fac

tor s such as 10 , 100 , 1 , 00 0 , and so forth . 
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( 2 )  Approx ima tely 9 9  percent o f  the PCB exposur j� r esults f r om the 
consumpt ion of  aquatic  organ i sms wh ich exh i b i t  an average b io

concentr a t ion potent ial of 3 1 , 2 0 0 - fold . �he rema i n inq 1 oer

cent of  PCB exposure results from dr ink ing water . 

concentrat ion levels were der ived as sum i ng a l i fet ime exposure 

to var ious amounts of  PCBs , ( 1 ) occur r ing from the consumpt ion of 

both dr ink ing water and aqua t ic l i fe grown in �a ters conta in ing the 

cor respond ing PCBs concentrat ions , and ( 2 ) occurr ing solely from 

consumpt ion of  aquat i c  l i fe grown i n  the w�ter � conta i n i ng the cor-

respond ing PCB concentrat ions . Al though total exposure in format ion 

for PCBs is d i scussed , and an est imate of the! contr ibut ions from 

other sources of exposure can be made , th i s  data w i ll not be fac

tored into amb ient water qual i ty cr i ter ia  forMulat ion unt i l  add i -

t ional analy s i s  can b e  made . The c r i ter ia  presented , ther e for e ,  

assume an i ncremental :r; i s k  from amb ient water iexposure only . 

These cr i ter i a  are exceed i ng ly low . Although sharp restr ic

t ion of  open PCB use in 1 9 7 0  resul ted in notable dec l ines in water 

PCB levels in the next sever al year s ( Denn i s ,  ( 197 6 ) , the res idua l 

levels  rema i n i ng are  s t i l l  two to three orders; of magni tude above 

the cr i ter ion indicated by th i s  extrapolat ion . The maj or source of  
' 

PCBs in water today i s  probably not new ef f luE�nts from i nd us tr ial 
' ,, 

or dome s t i c  source s , but the PCB-conta i n i nq ' s ludqes under lyinq 

wate rways which typ i cally conta i n  1 0 0 - to l , O OO � fold higher concen-
, ,  

trat ions than the wate.r i tsel f ( Denn i s , 19 7 6 )  ·! Ef for ts to reduce 

water levels s i gn i f icantly by el imi nat ing cur rent pollut ion sources 

w i l l  probably have l i t tle ef feet on aver age w'atEH PCB concentra-

t ions . 
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The very low l im i ts sugges ted by th i s  r i sk est imate are due in  

large par t  to the very large b ioaccumulat ion factor in f i sh � 

( 3 1 , 20 0 ) . This f igure i s  an average for a wide var iety of sal t-

wate r and fre shwater organi sms ( see I ngest ion from Food sect ion ) . 

As pos s i ble strateg ies to reduce human exposures to PCBs are 

cons idered , the relat ive contr ibut ions of inges ted water and f i sh 

s hould be kept in mind . At the assumed conisumpt ion rate of 2 l i ters 

of dr i nk i ng water and � . 5  g of f i sh/day , 9 9  percen t of  the d ietary 

PCBs w i ll be obta ined from f i sh . S tr ateg iE�S  wh ich focus separately 

on the reduct ion of PCB levels in water and f i sh for human consump

t ion might be more prac t ical and product ive than a s ing le s tandard 

for water wh ich takes bioaccumulat ion in f i sh into ·account .  

A f i nal comment about the r i sk level der ived from t1h i s  study 

i s  that i t  i s  based on animal data in which a dose- response rela-

t ionship was not demonstrated . The we ight of ev idence , indicates 
I 

that PCBs are carc inogen ic in roden t s . H1owever ,  the carc inogenic 
I 

ac t i v i t ies of these compounds are not great . An acceptable noncar-

c inogenic level could be establ i shed w i th �g eater cer ta inty if be t

ter quan t i tative data on carcinogen ic i ty were avai lable .. Stud ies 

w i th larger number s  of animals des igned to measur e relat iyely smal l 

e f fects are needed . Also , the rat appear s to be much less sens i

t ive to the acute and subacute ef fec t s  of PCBs than man or non-

human pr imate s . . Fur ther i nvest igat ion of the ef fects  of PCBs in 

Rhe sus monkeys , par t icular ly w i th re ference to the gastr ic les ions 

produced , would be useful . 
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APPENDIX 

Summary and Conclus ions Regarding the Carc i nog en ic i tv . of 

Polychlor i nated B ioheny l s *  

Polychlor inated b i phenyls ( PCBs )  are prepa red by the chlor ina-

t ion of b iphenyl and are complex m i x tures; conta in ing isome r s  of 

chlorob iphenyls w i th d i fferent chlor ine conten t .  

Because of the w idespread industr ial use o f  PCBs , the i r  long 

half-l i fe ,  and the documented d i sease-Produc ing capab i U. tv of these 

compounds in seve r al spec ies , regulat ions have been promulgated 

bann i ng mos t  of the manufactur ing ,  process in�, and d i str ibut ion of 

PCBs in the Un i ted States ( 4 4  FR 10 6 ) . 

Human s tud ies concern ing the poss ible carc lnogenic i tv of PCBs 

have involved small number s  of ind i v iduals and ?rov ide l i ttle in

format ion about exposur e .  Althoug h these s tud ies are only marg in� 

ally useful in desc r i b ing the carc inog en i c i ty of Peas , the inc i-

dence o f  mal ignant neo9lasms i n  " Yusho" pat ients and in industr ial 

wor kers  exposed to Aroclor 1254 suggests that human exposur e to 

PCBs i s  assoc iated w i th an incr eased r i sk 0€ neoplas i a .  

I n  two s eparate stud i e s , PCBs have been r epor ted t o  induce 
I 

hepatocellular carc i nomas i n  both mice and rats (male ' mice fed 

Kanechlor 5 0 0  at 5 0 0  ppm and female Sherman rats fed Aroclor 1260  

a t  1 0 0  ppm) • 

*Th i s  summa rv has been oreoared and aooroved by the Ca rc inogens 
Assessment Group o f  EPA on 

-
June 15 , 1979 . 
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I n  an NC I b ioas say , Aroc lor 1 2 5 4  was not carcinogen ic in Fi s-

cher 3 4 4  r a t s , but the h i g h  f r equency o f  hepatocellular prol i fera-

ti ve le s i ons was cons idered to be the result 1of treatmen t and car

c i nomas of the gastt· o i n test inal tract poss il bly as soc i ated w i th 

treatmen t .  I n  one other mouse study and thrE!e other r a t  stud i e s , 

var ious PCBs i nduced prol i f e r a t i ve les ions o f  the l iver which m i g h t  

be ind i cat i ve of c a r c i nogen ic i ty .  The mos t  c:ommonly s e e n  les ions 

wer e  adenof i bros i s  ( cholang iof i bros i s )  and neoplas t i c  nodule s . 
. ' 

A cor r elat i on be tween deg r ee o f  chlor i na t: i on and tumor induc-

i ng po ten t i al was observed in both mouse and r c! t  spec i e s . The mos t  

_. h ig hly chlo r i na ted prepa r at i ons wer e  also the mos t  po tent tumor 

i nd uce r s w i th the exCE!pt ion o f  Aroclor 1 2 5 4  wlll ich was more po tent 
I 
I 

than Aroclor 1 2 6 0  i n  one r a t  study . Whe r e  e:icam ined , female r a ts 

wer e  found to be mor e  sens i t ive than male s .  No compar i sons o f  s e x  

r elated e f f ec t s  wer e  made i n  mice . 

PCBs have been repor ted to be co-carc i nog enf; , in i t i ator s , and 

promoter s  in bo th mouse and r a t  spec i e s . 

The mu tagen ic i ty o f  d i f ferent PCB pr epar a t ions has been evalu-

ated i n  seve r al tes t  systems w i t h  conf l ic t ing r e s ul t s . I n  one 
i 

s tudy , the s i ng l e  i somer 4-chlorob i phenyl was r epc::>r ted to be h i. ghly 

mutagen ic i n  S almonella typhimur i um s t r a i n  TA1 5 3 8  a f te r  l i ver 
i m i c rosomal ac t i va t i on , wh i l e  Aroclor 1 2 2 1  was ; r e;[:')or ted tq be le s s  

mutag e n i c  a n d  Ar oclor �; 1 2 5 4 , 1 2 6 8 , and 2 ,  5 ,  �� ' ,  5 ' - tetr achlorob i -
I 

phenyl wer �  inac t i ve . The fac t that mu tag en id ac t i v i ty dec r eased 
, ,  

w i th inc r eas ing chlor inat i on i s  cons i s tent w i th the char acter i s t i c  

i nsens i t i  v i  t y  o f  the J!unes tes t  t o  chlor inated hydrocarbons . I n  

other tes t  sys tems , Kanec hlor 3 0 0  inh i b i ted bacter i al DNA repa i r  
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def i c i ent cells and induced cytogene t i c  abnormal i t i e s  in Yosh i d a  

sarcoma cell s .  Kanech lo r  5 0 0  tes ted pos i t ive in a mouse bone mar 

r ow cytogene t ic analys i s . 

In summa r y , car c i nogen ic responses have been induced in mice 

and r ats . These r e sult s , together w i th pos i t ive mutag en ic re-

sponses and suggest i ve ep idemiolog ic ev idence , con s t i tute subs tan-

t i al ev idence that PCBs a r e  l i kely to be human carc inogen s . 

The water qual i ty c r i te r ion for PCSs i s  based on the K im

b r oug h , e t  a l .  ( 19 7 5 )  s tudy on the i nduct ic>n of hepatocellular car

c inoma s  and neoplas t i c  nodules i n  female Sherman strain r ats fed 

10 0 ppm Aroclor 1260 . I t  i s  concluded tha1: the wat e r  concentrat ion 

o f  PCBs should be le s s  than 0 .  79 ng/l (""' 0 .  8 ng/l ) in order to keep 

the l i f e t ime canc e r  r i s k  below 1 0-5 
• 
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• •  Summary of Per t inent Data 

The water qua l i ty cr i ter ion for PCB s  i s  der ived fFom the hepa

tocellular car c i noma and neoplas t ic nodule :response of Sherman 

str a i n  female r a ts f ed Aroclor 1 2 6 0  at a nomi nal d i etar y level of 

1 0 0  ppm ( K imbroug h , et al . 1 9 7 5 ) . A t ime-we i�� hted ave r age dose o f  

8 8 . 4  ppm ( i . e . , the dose var i ed between 70 and 107  ppm i n  the K im

oroug h ,  et al . s t udy ) was adm i n i s te r ed for1  approx imately 2 J. .  S 

mont hs and the an imals wer e  ooser ved for an adci i t ional s i x  wee k s  

before termi nal s acr i f ice . The cr i ter i on i s  calculated from the 

f ollow i ng par ameters whe r e  the ad j us tment factc!:>r of O .  0 5  r epre sents 

t he f r ac t i on o f  food consumed i n  r elat i on to bod:� we i gh t : 

Dose 
(mg/kg/day )  

0 

4 . 4 2  

( i . e . , 88 . 4  ppm x 0 . 0 5 )  

le = 6 4 5 days 
Le = 730  days 
L = 7 3 0  days 

Inc i dence 
( No . re spond i ng/No . te sted ) 

,l/.l.7 3 

l 7.0/1S4 

w = 0 . 40 0  kg 
R = 3 1 , � 0 0  l/kg 

Wi th the se par ameter s  the carc i nogen i c  i, p<>tency f ac tor for 

humans is 4 . 3 3 9 6  ( mg/kg/day ) -.L . The r es u l t i ng water concentr at ion 
I 

o f  PCBs calculated t<) keep the ind i v i dual l i f e t ime cancer r i s k  

be low i o - 5 i s  0 . 7 9 ng/l . 

• 
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