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FOREWORD

Section 1412 (b)(3)(A) of the Safe Drinking Water Act, as amended In
1986, requires- the Administrator of the Environmental Protection Agency to
publtsh maximum contaminant level goals (MCLGs) and promulgate National
Primary Orinking Water Regulations for edach contaminant, which, in the
judgment of the Administrator, may have an adverse effect on public health
and which 1is known or anticipated to occur in public water systems. The
MCLG is nonenforceable and 1s set at a level at which no known or antici-
pated adverse health effects in humans occur and which allows for an
adequate margin of safety. Factors considered in setting the MCLG include
health effects data and sources of exposure other than drinking water.

This document provides the health effects basis to be considered 1in
establishing the MCLG. To achieve this objective, data on pharmacokinetics,
human exposure, acute and chronic toxicity to animals and humans, epidemi-
ology and mechanisms of toxicity are evaluated. Specific emphasis is placed
on literature data providing dose-response information. Thus, while the
1iterature search and evaluation performed in support of this document has
been comprehensive, only the reports considered most pertinent in the deri-
vation of the MCLG are cited in the document. The comprehensive literature
data base in support of this document includes information published up to
1986; however, more recent data may have been added during the review
process.

wWhen adequate health effects data exist, Health Advisory values for less
than lifetime exposures (1-day, 10-day and longer-term, ~10% of an
individual's lifetime) are included in this document. These values are not
used in setting the MCLG, but serve as Informal guidance to municipalities
and other organizations when emergency spills or contamination situations
occur.

Michael B. Cook
Director
Office of Drinking Water
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[somers PCBs having the same molecular weight and chlorine number
but with the chlorines substituted differently
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I. SUMMARY

Evaluation of the health effects of palychlorinated biphenyls (PCBs) in
the environment represents a highly complex problem. The empirical formula
for PCBs is C12H10-nC]n (n=1-10), which in theory allows for the
formation of 209 different individual PCBs. Commercial formulations of PCBs
enter the environment as mixtures consisting of a variety of individual PC8
congeners and impurtittes, including polychlorinated dibenzofurans (PCOfs).
The toxicity of some individual PCB congeners and specific impurities such

as the PCDFs has been examined using laboratory animais.

Various commercial mixtures of PCBs have been marketed under a number of
trade names including Aroclor (Britain and USA), Phenochlor or Pyralene
(France), Clophen (FRG), Kanechlor or Santotheam {lapan), Fenclor (ltaly)
and Sovol (USSR). Since commercial formulations.contatn a complex mixture
of PCBs, the physical properties of a given formulation will vary depending
an the components and composition of the mixture. The physical properties
of the biphenyl family vary considerably, having a molecular weight range of
154 for biphenyl to 499 for decachlorobiphenyl (the PCB with the most
chlorines), a log octanoi/water partition coefficlent range of 3.76-8.26 for

PCBs, and an aqueous solubility range of 9.77x1072° to 4.68x107% mol/t.

Commercia) PCB mixtures are estimated to volatilize from ambient water,
with half-11ves ranging from 2 months to >150 years for low and high molecu-
lar weight mixtures, respectively. The most important Input parameter
affecting volatilization rates 1s the octanol/water partition coefficient,

since this reflects the amount of PCBs partitioning into the water from

;ediments and biota, and the amount available for volatilyzation. Sediments

92320 I-1 04/04/88



and other organic matter adsorb PCBs effectively, the more highly chlori-
nated congeners being adsorbed better than the lower chlorinated biphenyls.
Thus, the adsorption of PCBs onto sediments and matter with high organic
content 1s perhaps the dominant process for removal of highly chlorinated

biphenyls from water.

As with volatilization and water solubilization, biodegradattion is sig-
nificant for only the less chlorinated, low molecular weight PCBs. PCBs
containing three or fewer chiorines will tend to be degraded more than the

highly chlorinated PCBs.

The analysis for PCBs in the environment or bliological tissues must be
performed on a specific or surrogate congener basis using capillary GC/MS,
because the patterns characteristic of Aroclor are not retained in most

sftuations except for highly contaminated conditions.

PCBs form PCDFs when heated, but both are destroyed at a 2-second
residence time at 1200°C with 3X excess oxygen or a 1.5-second residence
time at 1600°C with 2% excess oxygen. PCOFs can be produced from PC8s by
sunlight photodecomposition though the environmental importance of the

process 1s unknown.

PCBs have been detected In almost all components of the global eco-

system, including water.

The major exposure routes to humans are through food and by inhalation.
Dermal exposure is also important in occupational exposures, for swimmers in

polluted waters, and in cleaning up PCB spills or from leaking hazardous

02320 I-2 04/04/88



waste sites containing PCBs. In all cases, total PCB levels are best
characterized By specific congener analysis or total PCB by perchlorination
rather than in terms of Aroclors, because the congener patterns in environ-
mental media and biological tissues usually do not match those in Aroclor
fluids unless massive contamination has occurred (typical of spills and some

occupational situations). Thus, predictive models based on specific

congener data must also be utilized.

The less chlorinated congeners predominate in air samples from known
contaminated areas, and in water and wet depostition samples with the temper-
ature and amount of sediment in river and water samples being important co-
variables. In contrast, the more highly chlorinated isomers with substttu-
ents at the 2,4,5- or 2',4',5'-positions tend to bioaccumulate In some crop
vegetables, game animals, fish and in human tissue samples. PCBs in contam-
inated soils can be absorbed by plants and' veéetab\es with shallow-root
systems, although volatilization in this situation is also favored; erosion
of such particles will also cause contamination of sediments. The more
chlorinated congeners will dominate in solls and sediments and the resident
biota (cash crops, vegetables, fish, aquatic 1ife). The absolute levels in
any situation depend on which of the competing processes dominates as
estimated in Table IV-7. Congeners of Aroclor 1016 have been detected In
finished drinking water obtained from the Hudson River and samples from wel}
water taken during the National Organic Momitoring Survey. The f'nished
drinking water from Dority Reservoir treatment and distribution in upstate
New York was reported to contain Aroclor 1016. Water from the public water
supply system of the village of fort Edward, located near the townshio of
Moreau of Saratoga County, New York 1s obtained from Dority Reservoir treat-

ment and distribution system. The level of Aroclor 1016 in this finished
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drinking water corresponded well to the median level in the Dority River

water.

Because of their lipophilic and relatively stable nature, PCBs rapidly
bioaccumulate in biota and the tissues of humans. PCBs are effectively
absorbed following oral, dermal and inhalation exposure. In most animal
species that have been investigated there is an initial uptake of PCBs into
the liver and muscle because of high perfusion in the liver and the rela-
tively targe muscle volume. Subsequent redistribution of PCBs into adipose
tissue and skin reflects the high affinity of the PCBs for lipophilic tis-
sues. At equilibrium the elimination of PCBs from all tissues will be
dependent on the structure-dependent metabolism rates of individual pC8
congeners. For example, blological half-lives in the rat range from 0.15

days for 2,2'-dY-CB to ~460 days for 2,2',4,4',5,5'-hexa-(B.

Metabolism is apparently the primary rate-limiting event regulating the
elimination of PCBs from mammalian systems. The in vitro metabolism of PCBs
has been investigated in liver microsomes from the human, monkey, dog, and
rat. ‘The data suggest that the human metabolism of PCBs would most closely
resemble that of the rat. Therefore, the rat should be a good model for

predicting the disposition of PCBs in humans.

The positton and degree of chlorination substantially influence the rate
ind extent of PCB metabolism. As the degree of chlorination increases on
both phenyl rings the rate of metabolism decreases, though there s also a
selectivity with respect to type of substitution for isomers. The avail-
ibility of two victnal unsubstituted carbon atoms facilitates metabolism of

tne PCB substrate but s not a necessary requirement for metabollism.
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Although phenolic products are the major PCB metabolites, sulfur-containing
metabolites, grans-d\hydrodiols. polyhydroxylated PCBs and their methy!
ether derivatives have been identified. The presence of trans-dihydrodiol
metabolites strongly suggests metabolism through an arene oxide intermedi-
ate. Arene oxides have been implicated in cellular necrosis, mutagenicity

and carcinogenicity; however, the role of metabolism in the genotoxicity of

PCBs has not been delineated.

Studtes using laboratory animals clearly demonstrate that PCBs can cross
the placental barrter and accumulate in the fetus. Another major route of
exposure occyrs by lactation in which the highly lipophilic PCBs are readily
transferred from maternal milk to the neonate. The latter route represents

the most important route of PCB exposure for the young.

Preferential structure-dependent biocaccumulation of PCB congeners has
been observed in human ljver, adipose tissue, serum and milk.
2,2',4,4' 5,5 -hexa-CB, 2,2',3,4,4',5 -hexa-CB, 2,2',3,3',4,4',5-hepta-CB
and 2,2',3,4,4',5,5'-hepta-CB are major components of both a high molecular
weight commercial PCB mixture (Aroclor 1260) and human milk. On the other
hand, 2,4,4'-tri-CB, 2,4,4' 5-tetra-CB, 2,2',4,4' ,5-penta-CB, 2,3',4,4',5-
penta-C8 and 2,3,3',4,4',5-hexa-CB are 1identified as major components of
human milk extract, while representing only minor components of Aroclor
1260. Human studies also clearly indicate the importance of lactation as
the major route of 1infant PCB exposure, and represent a major route of

depuration for mothers with high body burden of PCBs.

In evaluating the health effects of PCBs in animals, it is important to

sonsider the isomer specific composition of the PCBs and potential impuri-
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ties, the length of exposure, 4and the species under investigation. [n
general, PCB mixtures have low to moderate acute toxicity In mammalian
species. Single dose oral LDSOS of commercial PCB mixtures in rats range
from 1.0-11.3 g/kg bw. Limited data also suggest that the acute toxic
potency of PCB mixtures is similar in other specles following oral, dermal

or {.p. exposure.

Data on purified PCB isomers have established that the toxic, metabolic
and toxicokinetic behavior of the different component molecules varies not
only with the degree of chlorination (greater toxic potency with greater
degree of chlorination) but also with the position of the chlorine atoms.
The relative toxicity and persistence of four pure hexa-CB isomers was
examined in mice; J,4,5-sym-hexa-CB was found to be the most acutely toxic
(LD50 = 19 mg/kg bw/day) and persistent (levels tin 1liver and adipose
tissue) isomer, followed by 2,4,6-sym-hexa-C8 > 2,4,5-sym-hexa-C8, >
2,3,6-sym-hexa-CB. Although structure-activity relationships are most
interesting for thts class of compounds, it is also important to note that
highly toxic, coplanar PCB 1tsomers, such as 3,4,5-sym-hexa-CB, have only

been detected as very minor constituents of commercial PCB formulations.

Animals are sensitive to subchronic and chronic exposures to PCBs. This
ts due in part to the rapid bioaccumulation of PCBs to toxic levels follow-

ing long-term, low-level exposure.

A major target organ for PCBs is the liver; an increase in the liver-to-
body weight ratio 1s one of the most sensitive indicators of PCB exposure.

Hepatomegaly has been observed in rats ingesting diets containing as 1ittle

as 20 ppm Aroclor 1254 (PCB mixture with an average chlorine content of 54%)
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for 4 days (1 mg/kg bw/day). Hepatomegaly results from liver cell hyper-
trophy, which 1s caused by fatty 1infiltration and proliferation of the
smooth endoplasmic reticulum. The latter response s associated with the
induction of certain hepatic enzymes, particularly the microsomal mixed
function oxidases. Hepatic fluorescence, which 1is suggestive of porphyria
has also been reported after exposure of rats for 16 weeks to 10 ppm of
Aroclor 1254 (0.5 mg/kg bw/day). Focal necrosis and 1ron-containing

deposits in Kuppfer cells have been observed at higher levels of exposure.

PCBs have also been shown to produce Iimmunosuppression, which maybe
assoclated with thymic atrophy, lymphocytopenia and splenomegsly. Other
PCB-related toxicity include a reduction in food and water intake, reduced
rate of body weight gain (wasting syndrome), and decreased body tempera-
ture. Another sensitive indicator of PCB exposure is an enlarged thyroid.
Ultrastructural evidence suggestive of 1ncredsed'thyro1d gland activity has
been reported in rats maintained on diets containing as 1ittle as 5 ppm

Aroclor 1254 (0.25 mg/kg bw/day) for 4 weeks.

In a chronic study that defined a NOAEL, BALB/CJ mice were maintained
for 9 months on diets containing 0, 3.75, 37.5 or 375 ppm of the Aroclors
1221, 1242 or 1254 (0.45, 4.57 or 45.7 mg/kg bw/day). The Aroclor with the
lowest chlorine content (1221) produced no liver lesions, whi'e exposure to
Aroclor 1242 resulted In increased 1iver weight in the high-Jdose jroup. In
mice exposed to Aroclor 1254, increased mortality was observed !n the high-
dose group, mild hepatopathology observed in the median-dose group, and no
liver lesions detected in the low-dose group. The NOEL observed in the

study using mice of 0.45 mg/kg bw/day s nearly identical to the LOELs of
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0.5 mg/kg bw/day associated with porphyria in rats and 0.25 mg/kg bw/day

assoclated with enlarged thyroid.

Monkeys have been found to be highly sensitive to the toxic effects of
PCBs. Signs of toxicity with chronic exposure to Aroclor 1248 include
severe facital and subcutaneous edema, comedones and cysts of the metbomian
glands, gastric lesions, body weight loss and reduced hemoglobin and leuko-
cytes. The Tesions are unique to the monkey and resemble chloracne in man.
In the monkey, chronic exposure as low as 0.1 mg/kg bw/day of Aroclor 1248
produce frank toxic effects; no studies have been conducted from which a
NOAEL can be derived or to indtcate how close 0.1 mg/kg bw/day is to the
NOAEL for monkeys.

There are two reports of a slight increase In the incidence of cleft
palate in the progeny of mice exposed to PCBs°during gestation. Several
studies have reported fetal toxicity, which consisted of resorptions, abor-
tions, reduced birth weight, and decreased postnatal survival, 1in several
species that was attributed to PCBs. The mink and monkey are the most sen-
sitive specties tested to the reproductive toxicity of PCBs. Complete repro-
ductive fallure was observed in mink maintained on a diet containing S ppm
Aroclor 1242 (0.75 mg/kg bw/day) for 18 months. Rhesus monkeys maintained
on diets containing 2.5 or 5 bpﬂ Aroclor 1248 (0.1 or 0.2 mg/kg bw/day) for
18 months had increased abortions at the low dose and maternal toxicity with

no 1tve births at the high dose.

Aroclor 1016 s less toxic than Aroclor 1242, which caused 100% mortal-
'ty in female mink at the same exposure level. Chronic exposure to 2 ppm

Aroclor 1016 in the dtet (0.3 mg/kg bw/day) appears to be a NOAEL in the
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mink. Adult monkeys exposed to Araoclor 1016 in the diet did not have any
clinical growth or reproductive abnormaliities. However, infants born to the
1 ppm Aroclor 1016 group (0.042 mg/kg bw/day, assuming a monkey consumes
4.2% of its body welght/day) were significantly smaller than controls.
Thus, 0.25 ppm (0.0105 mg/kqg bw/day) appears to be a NOAEL for chronic oral

exposure to Aroclor 1016 in rhesus monkeys.

Reparts of mutagenicity in the Ames assay are conflicting. Most reports
indicate a lack of mutagenicity. No report of cytogenetic changes or
dominant lethal effects attributable to PCBs have been 1located 1in the

available 1titeratuyre.

Human exposure to PCBs may come from contact with industrial products,
accidental contamination of foodstuffs or from assoctation with contaminated
environmental components. Similar signs of toi\city are assoclated with
oral, 1inhalation or dermal exposure. Chloracne 1is the most commonly
encountered dermatologic symptom. These lesions comprise follicular kerato-
sts with comedone formation and acneform eruptions. Qther reported dermato-
logic symptoms include rash, burning sensation, pigmentation (darkening),
thickening, and discoloration of the fingernails. 1t is not clear whether
PCB mixtures are solely responsible for chloracne or whether contamination
of PCBs with polychlorinated dibenzafurans (PCDFs) resulted in chloracne and
other adverse health effects. In Yusho and Yu-cheng poisoning Incidents,
the presence of PCDFs in the PCB contaminated rice oll and In the liver and
other tissues of the victims indicates that PCOfs were the responsible toxic
compounds. Hepatic effects associated with PCB exposure include hepato-
megaly, hepatic enzyme induction with accelerated rate of drug metabolism,

and hepatic dysfunction indicated Dy an increase in serum hepatic enzyme
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activities. A decrease 1in pulmonary function (forced wvital capactty),
cough, wheezing, tightness in chest, and upper respiratory or eye trritation

were also reported in capacitor manufacturing workers.

Two separate groups of high-risk subpopulations for exposure to PCBs may
be identified. The first group Includes those persons with the potential
for frequent or high exposure, namely, occupationally-exposed workers and
breast-fed infants, as PCBs are excreted in the breast milk of lactating
humans. The second group includes those individuals with a limited ability
to metabolize and excrete PCBs, such as fetuses and neonates (2-3 months

old).

Infants born to women exposed to PCB during pregnancy (Yusho incident)
were generally small for gestational age and exhibited dark brown pigmenta-
tion on the skin and mucous membranes, gingival "hyperplasia, early eruption
of teeth, and facial edema. The PCOF impurities may also determine the

severity of these effects.

The ava\1ab1e data are nsufficient to develop a 1-day HA for PCBs. It
is recommended that the 10-day MA for the 10 kg child be used for the 1-day
HA for a 10 kg child. A 10-day HA of 100 ug/t for a 10 kg child has
been recommended. The toxicity of the PCBs found in water may differ from
the commercial PCBs because the congener and impurity composition may be
very different from the original Aroclor. Longer-term HAs on Aroclor 1016

for a 70 kg adult and 10 kg child are 0.0035 mg/t and 0.001 mg/t,

respectively.
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PCBs (Aroclor 1260, Kanechlor 500, Aroclor 1254, Clophen A-30 and
Clophen A-60) pave been evaluated for carcinogenicity in several animal blo-
assays. Aroclor 1260 induced a statistically significant increase of hepto-
celluylar carcinomas in two rat (Sherman, Sprague-Dawley) feeding studtes.
Kanechlor 500 produced a statistically stignificant liver tumor response in
dd mice when given in the diet for 32 weeks. Aroclor 1254 fed in the diet
to mice (Balb/cj) and rats (Fischer 344) 1induced Increased incidences of
Jiver tumors, and while the incidences are dose-related they were not sta-
tistically significant. Clophen A-30 and A-60 Induced hepatocellular car-
cinomas in rats after 832 days of feeding 100 ppm in the diet. This level
of carcinogenic evidence in rats and mice for some commercial PCBs (Aroclor
1260, Kanechlor 500 and Aroclor 1254, Clophen A-30 and Clophen A-60) con-
stitute sufficient evidence for carcinogenicity of these commerctal PCBs in
animals using weight of gv1dence criteria in the U.S. EPA's guidelines for
carcinogen risk assessment. (U.S. EPA, 1986a). Only one recent eptdemiologic
study reports the presence of a carcinogenic risk of l1iver cancer to humans
by ingestion. A significant risk of liver cancer was observed among victims
of the Yusho accident in Japan, which involved exposure to contaminated rice
oi1. There is some uncertainty regarding concurrent exposure to other
possibly carcinogenic substances. The authors of the study have not derived
conclusions regarding the relationship of exposure to PCB-contaminated rice
011 and increased cancer risk. At present, the human epidemiologic evidence
s suggestive, but from a weight of evidence classificattion of the data must
be currently regarded as inadequate because of the tentative nature of the

data. The authors of these studies have urged cautton in the Interpretation

of their results.
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The positive evidence iIn rats and mice, together with 1nadequate
evidence in h:{mans. places Aroclor 1254 and 1260, Kanechlaor 500, and Clophen
A-30 and A-60 in the weight-of-evidence category B2, as a probable human
carcinogen. PCB mixtures containing significant amounts of components
present in Aroclor 1254 and 1260, Kanechlor 500, and Clophen A-30 and A-60
are ltkely to present a carcinogenic hazard to the human population upon
exposure to PCBs. Recognizing the variety and variability of PCB mixtures,
1t s recommended that all commercial PCB mixtures be considered to have a
carcinogenic potential (category B2) simtlar to that of the five compounds
herein evaluated. This 1s thought to be a prudent public health judgment
for which changes could be made 1f additional scientific evidence 1is

forthcoming.

A cancer-based criterion has been calculated for excess lifetime upper-
1imit cancer risks of 10°¢, 1073 and 10™%. The respective water
concentrations are 0.5, 0.05 and 0.005 uyg/t. These calculations use the
linearized multistage dose-response model with data from a study n which
hepatocellular carcinomas were caused Dby chronic dietary administration of
the PCB mixture Aroclor 1260 to female Sprague-Dawley rats. Given a lack of
tnformation about which constitutents of Aroclor 1260 or any other PCB
mixture are carcinogenic, Aroclor 1260 is assumed to be representative of
other PCB mixtures. Currently, there is no published report in the litera-

ture that shows the presence of Aroclor 1260 in finishea drinking water.
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I1. PHYSICAL AND CHEMICAL PROPERTIES

Structure and ldentification

Polychlorinated biphenyls (PCBs) are a family of compounds based on
biphenyl as the parent compound. There are 209 possible PCB” isomers and
congeners of which some 187 have been chromatographically separ@ted and aln
ﬁ;ve been synthesized (Mullin et al., 1984). A listing of all PCB congeners
is given in Table I1I1-1 along with their Chemical Abstract Services (CAS)
Registry numbers and an fidentifying numbering system developed by

Ballschmiter and Zel) (1980).

The structure and numbering of a typical PCB (4,4'-dichlorobiphenyl) is

as follows:

Here, an unprimed locant s preferred to its primed locant, with as few
primed locants used as possible but keeping the sum of the locant number
(primed plus unprimed) a minimum. For rings with equal substitution the
ring with the lower numbered locants receives the unprimed numbers. If both

rings are equal, the locant cited first 1s unprimed.

PCBs used commercially are complex mixtures consisting of various PCB
congeners and isomers. Monsanto (the former British and U.S. manufacturer)
designated a2 4-digit code to refer to 1ts PC3s marketed under the tradename
Aroclor. In Mest Germany the name )s Clophen; in Ffrance, Phenochlor or
Pyralene; in Japan, Kanechlor or Santotherm; and in Italy, Fenclor. For

Aroclors the first two digits (12) indicate that the preparation s a
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Number ing of PCB Isomers®

TABLE 11-1

No.* Structure CAS No. No.* Structure CAS No.
Nonochlorobiphenyls Trichlorobiphenyls (cont.)
1 2 2051-60-7 22 2,34 38444-85-6
2 3 2051-61-8 23 2,3,5 55720-44-0
3 4 2051-62-9 24 2,3,6 55702-45-9
25 2,3’ .4 55112-31-3
Dichlorobiphenyls 26 2,3',5 36444-81-4
21 2,3',6 38444-76-)
4 2,2 13029-08-8 28 2,44 7012-37-5
5 2,3 16605-91-7 29 2,4,5 15862-07-4
6 2,3 25569-80-6 30 2,4,6 35693-92-6
1 2.4 33284-50-3 n 2,85 16606-02-3
8 2,4 346883-43-7 32 2,4',6 368444-77-8
9 2,5 34682-39-1 3 2',3,4 30444-86-9
10 2,6 33146-45-1 k1] 2',3,5 76708-71-5
n 3,y 2050-67-1 35 3,34 55712-31-3
12 3.4 2974-92-7 36 3,3',5 368444-87-0
13 3, & 2974-90-5 K) ) 3.,4,4 36444-90-5
14 3,% 34683-41-5 38 3.,4,5 53555-66-)
15 4.4 2050-68-2 39 3,.4,5 38444-88-1
Trichlorobiphenyls Tetrachlorobiphenyls
16 2,23 38444-78-9 40 ,2',3,3 368444-93-8
n 2,2'.4 37680-66-3 '] ,2',3,4 52663-59-9
18 2,25 37680-65-2 42 .2'.3,.4 36559-22-5
19 2,2*,6 38444-73-4 43 ,2'.,3,5 10362-46-8
20 2,3.% 36444-04-7 4“ 2',3,5 41464-39-5
21 2,34 55702-46-0 45 .2',3,6 10362-45-1
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TABLE 11-1 (cont.)

No.* Structure CAS No. No.* Structure CAS Neo.
Tetrachlorobiphenyls (coat.) Tetrachlorobiphenyls (cont.)

46 2,2',3,6 41464-47-5 14 2,4,4',5 32690-93-0
L)) 2,2',4,4 2437-19-6 15 2,4,4',6 32598-12-2
46 2,2',4,5 10362-47-9 76 2',3,4,5 70362-48-0
49 2,2',4,5 41464-40-8 n 3,3' 4.0 32598-13-3
50 2,2',4,6 62796-65-0 18 3,3 ,4,5 70362-49-)
51 2,2',4,6 68194-04-7 19 3,3',4,5° 41464-48-6
52 2,2',5,5% 35693-99-3 60 3,3',5,5 33284-52-5
53 2,2',5,6° 41464-01-9 ] 3,4,0.5 70362-50-4
54 2,2',6,6' 15968-05-5

55 2,3,3' .4 74338-24-2 Pentachlorobiphenyls

56 2,3,.3' .4 41464-43-1

57 2,3,3',5 70424-67-8 a2 2,2',3,3' 4 52663-62-4
56 2,3,3',5 41464-49-7 83 2,2',3,3' .5 60145-20-2
59 2,3,3',6 714472-33-6 84 2,2',3,3',6 §2663-60-2
60 2,3,4,4 33025-41-) 85 2,2',3,4,4 65510-45-4
61 2,3,4,5 332684-53-6 86 2,2°,3,4,5 55312-69-)
62 2,3,4,6 54230-22-7 a7 2,2°,3,4,5° 36360-02-6
63 2,3,4',5 74472-34-1 e 2,2°,3,4,6 55215-11-3
64 2.3,4',6 52663-56-6 a9 2,2',3,4,6° 13515-51-2
65 2,3,5, 33284-54-1 90 2,2',3,4'.5 68194-07-0
66 2,3',4,4 32598-10-0 9 2,2'.3,4',6 68194-05-8
67 2,3'.,4,5 73575-53-0 92 2,2',3,5,% 52663-61-3
68 2.3'.4,5 13575-52-1 93 2,2',3,5,6 13515-56-)
69 2,3',4,6 60233-24-1 94 2,2',3,5,6 135175-55-0
70 2,3 ,4°,5 32598-11-1 95 2,2',3,5',6 38379-99-6
n 2,2',4',6 41464-46-4 9% 2,2'.,3,6,6° 13515-54-9
12 2,3'.,5.,5 41464-42-0 97 2,2°,3' 4,5 41464-51-1
13 2,3',5,6 143308-23-1 9 2,2',3',4,6 60233-25-2
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Hexachlorobiphenyls

Pentachlorobiphenyls (cont.)
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Heptachlorobiphenyls (cont.)

Hexachlorobiphenyls (cont.)
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TABLE 1]1-1 (cont.)

No.* Structure CAS No. No.* Structure CAS No.
Nonachlorobiphenyls Decachlorobiphenyl
206 2,2°,3,3,4,4',5,5,6 40186-72-9 209 2,2,3,3',4,4'5,5,6,6' 2051 -24-3
201 2.2',3.,3'.4,4 .5,6,0° 52663-79-3
208 2,2°,3,3%,4,5,5',6,6' 5§121-88-0

sBalischmiter Number (Ballschmiter and Zell, 1960)



biphenyl-C,, mixture and the second two digits indicate the chlorine con-
tent percentage by mass. Thus, Aroclor 1242 is a biphenyl mixture with an
average chlorine content of 42%. Monsanto also developed a mixture that was
primarily mono-, di- and tri-chloro isomers, Aroclor 1016. The chromato-

graphic pattern and the actual percent chlorine (41%) s very similar to
Aroclor 1242.

The CAS numbers and the Registry of Toxic Effects of Chemical Substances
(RTECS) numbers for representative Aroclors are given in Table 11-2. Toxic
polychlorinated dibenzofurans (PCDFs) have been found in all PCB formula-
tions (Tables II-3, II-4 and II-5).

Physical and Chemical Properties

Some physical properties of some Aroclors are summarized in Table 11-6.
Molecular formulas of PCB congeners 1n var\dus lroc]ors and Kanechlors are
1isted in Table 1I-7. The properties of the Aroclors 1isted are average
values, however, since the Aroclors are mixtures. For example, the molecu-
lar mass of the PCB congeners ranges from 154 for biphenyl to 499 for deca-
chlorobiphenyl. Thus, the vapor pressure and water solubilities of an

Aroclor reflect the lower chlorinated components of greatest abundance.

Individual PCB congeners increase in vapor pressure with decreasing
chlorination (Hutzinger et al., 1974; Westcott et al., 1981; Foreman and
Bidleman, 1985; Burkhard et al., 19853). The vapor pressure of biphenyl is
1.01 pascal at 25°C, whereas that for decachlorobiphenyl 1is 5.30x107¢

pascal (Burkhard et al., 1985a). The Henry's Law constants at 25°C do not

02330 1147 03/02/81



TABLE II-2

CAS and RTECS Numbers for Some Aroclors*

Aroclor No. CAS No. RTECS No. Reference
1016 12674-11-2 NA NIOQSH, 1983
1221 11104-28-2 TQ 1352000 NIOSH, 1983
1232 11141-16-9 TQ 1354000 NIOSH, 1983
1242 53469-21-9 TQ 1356000 NIOSH, 1983
1248 12672-29-6 TQ 1358000 NIOSH, 1983
1254 11097-69-1 TQ 1360000 NIOSH, 1983
1260 11096-82-5 TQ 1362000 NIOSH, 1983
1262 37324-23-5 NA Alford-Stevens et al., 1986a
1268 11100-14-4 NA Alford-Stevens et al., 1986a
NA = Not available
02330 I1-8 11/13/86
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TABLE 11-3

PCDF Content 3n Some PCBs and in Kanem) 0119

PCDF Content (ppm)

Substrate Reference
Tri- Tetra- Penta- Hexa- Total
Yu-Cheng o11® (3) 0.14-0.18  Miyata et al., 1985
Kanem) 011° (4) (Yusho) 2-1 Miyata et al., 1985
Unused Kanechlor 400b 33 Miyata et al., 1985
Used Kanechlor 400b (3) 20-510 Miyata et al., 1985
Kanem! o1) (Yusho) 0.15 1.4 2.5 1.6 5.1 Buser et al., 1978
Kanem} 011 (Yusho) -- -- -- -— 5.0 Nagayama et al., 1976
Used Japanese 4.2 4.5 5.5 1.4 16 Buser et al., 1978

PCB (Mitsubishi-
Monsanto T7-1248)

Kanem) oill 0.02 0.52 1.3° 0.81 2.1 Morita et al., 1977a
Kanechlor 300 - 6.7 1.6 - 8.) Morita et 31., 1977a
Kanechlor 300 .- -- 1.3 -~ 1.3 Nagayama et al., 1976
Kanechlor 400 0.3 12.2 10.4 0.9 24 Morita et al., 1977a
Kanechlor 400 - -= .- - 18 Nagayama et al., 1976
Kanechlor 400 -- ] -- .- -- Roach and Pomerantz,
1974
Kanechlor 500 0.2 1.7 1.1 3.1 6.1 Morita et al., 19717a
Kanechlor 500 - -~ -- -- 3.3 Nagayama et al., 1976
Kanechlor 600 -- 0.2 0.5 0.4 1.1 Morita et al., 1977a
Kanechlor 600 -- -~ .- - 4.0 Nagayama et al., 1976
Phenoc dor UP-§ -~ 1.1 1.6 0.5 3.8 Morita et al., 19772
Phenac lor BP-5 -- 4.6 2.1 2.6 9.9 Morita et al., 19717a
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TABLE 11-3 (cont.)

PCDF Content (ppm)

Substrate Reference
Iri- Tetra- Penta- Hexa- Total
Phenoclor DP-6 0.2 2.1 2.6 5.6 11 Morita et al., 1977a
Phenoclor DP-6 -- 0.7 10 2.9 14 Bowes et al., 1975
Aroclor 1-1200 -- 0.1 0.4 0.5 1.0 Bowes et al., 1975
Aroclor T-1241 -- 2.4 2.1 0.8 5.9 Morita et al., 1977a
Aroclor T1-1242 - 2.3 2.1 -— 4.5 Morita et al., 1977a
Aroclor T-1248 -— 0.5 2.3 - 2.8 Morita et al., 1977a
Aroclor 1-1248° 0.3 5.8 5.6 0.7 12 Morita et al., 1977a
Aroclor 1-1254 -~ 0.1 0.2 1.4 1.7 Bowes et al., 1975
Aroclor T1-1254 - 0.2 0.4 0.9 1.5 Bowes et al., 1975
Aroclor T-1254 -~ 0.1 3.6 1.9 5.6 Morita et al., 1977a
Aroclor 1-1260 - 0.2 0.3 0.3 0.8 Bowes et al., 1975
Aroclor T-1260 -- 0.8 0.9° 0.5 2.2 Morita et al., 1977a
Aroclor T-1264 4.8 9.4 2.0 16 Morita et al., 1977a
Clophen A-30 1.6 2.3 1.0 .- 4.9 Morita et al., 1977a
Clophen A-40 1.5 5.4 6.9 .- 14 Morita et al., 1977a
Clophen A 50 0.7 8.3 4.1 1.8 15 Morita et al., 1977a
1.4 5.0 2.2 8.4 Bowes et al., 1975

Clophen A-60 --

o data tound tor hepta-

byu -Cheny ull also cuntained 22-113 ppm PCBs and 9-38 ppm PCQs. Kanem) o)) also contained 151-968 ppm
PCBs and 490 866 ppw PLQs. Kanechlor 400 also contalned 999,800 ppm PCBs and 209 ppm PCQs. Used
Kanechlor 400 also contdained 961,900-999,000 ppm PCBs and 690-31,000 ppm PCQs.

Cused pCB



TABLE [1-4

Suspected Maximum Levels of Toxic PCDFs in Various PCBs and in Rice 0ils
(Kanemi 011 also contained 900 ppm PCBs and 800 ppm PCQs;d
Yu-Cheng rice o1] also contained 60-100 ppm PCBs and 30-180 ppm PCQs)

PCOF Levels (ppm) Percentages of
Total PCOFs
Formulation 2,3,7,8-D.¢  2,3,4,7,8-D.0 Total for These Two
TCDF PeCDF Derivatives
Yu-Cheng rice 0.001-0.005 0.02-0.70 0.08-0.10 20-25
oil (2)
Kanemi o114 0.2 0.7 2.02 45
Kanemt oi1b 0.28 0.42 2.68 26
Phenoclord
pP-4 0.7 0.4 3.8 29
oP-5 2.2 0.8 9.9 30
DP-6 0.9 0.6 10.5 14
Kanechlord
KC-300 2.2 Q0.6 8.3 k!
KC-400 1.6 0.9 23.8 N
XC-500 0.7 0.7 6.1 23
KC-600 0.1 0.1 1. 18
Aroclord
T-128) 1.1 0.4 5.9 25
T-1242 0.2 0.4 4.5 7
T-1248 0.2 0.8 2.8 36
T-1248¢ 1.1 1.4 12 20
T-1254 - 1.6 5.6 29
T‘]zm bdd o-‘ 202 5
T-1264 2.4 2.3 16 29

02330 I1-1 10/31/86



TABLE 11-4 (cont.)

PCDF_Levels (ppm)

Percentages of
Total PCOFs

Formulation 2,3,7,8-b.¢ 2,3,4,7,8-b.d Total for These Two
TCOF PeCOF Derivatives
Clophenb
A-30 1.0 0.1 4.9 22
A-40 2.1 0.7 14 20
A-50 3.6 0.6 15 28

dMasuda et al., 1982
DCalculated From Morita et al., 1977a

CBased on GC retention time, but subsequently confirmed by Buser et al.
(1978). This was subsequently found to include also the 2,3,4,8-TCDF.

dThe order of elution obtained by Buser et al.

pertain to the GC column utilized.
€Used PCB

-- B8elow detection 1imit

02330
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TABLE §1-S
Specific PCOFs i Commerclal PCBs {ng/g)*

’Ch-tre Ted- Yelea- m- Hexp- Hepta-
Tetad 2318 Tetal 1248 23428 Tetad 123479 123678 123789 2M4678 Totad Tetal  Rec 2378-
12278 120478 TC0B-%

Pyralene J00 53 63 . |} 3 " "w » ] "» o 19
AN254 [ 3] 19 1.400 % 4% 4000 2500 2100 19 130 18,000 2%0 8
AV1260 18 13 ne “® 5 268 500 120 1% n 1,500 1300 1]
A% 500 » SN | 1) 28 160 50 59 " » 220 1 19
Ate 1300 180 2,600 % (] 1700 19 8 » ¥ no ] 19
ASS 1400 330 20,000 760 1100 0000 100 %0 L] %" 3,100 15 95
AsS 178 (1] 6,908 100 %0 0100 1600 30 e 30 6,800 2000 9%
164 L] 23 %0 " 122 a0 520 3% 50 L] 2,600 220 12
Clophen € ne 54 1,200 k1] » 210 B 1 » L T L) 1
flank » » » " » e o » » ] " " ND %0
lank » " e » » ] " » » ] w (] ] 87

sSeurce: Rappe ot al., 1984
8 - Het detocted
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Some Physica) Properties of Aroclorsd.b.c

TABLE 11-6

VAL Uf
Property

1016 1223 1232 1242 1248 1254 1260

Appearance clear ol clear ob) clear oll clear ol) clear ot} Vight yellow light yellow
viscous Viquid sticky resin
Chlorine (percent) ()] 20.5-21.5 3N.4-21.8 L ¥ 48 54 60 ‘
Bensity (g/ma) (25°C) 1.3 1.15 1.24 1.3 1.8) 1.50 1.58
Sistillatien range (°C) 325-356 275-320 290-32% 325-366 340-375 365-3% 385-420
Evaperation loss 1-1.5 1-1.5% 0-0.4 0-0.3 -0. -
X al 108°C/6 hewrs 0-0-2 001
Aquecus solubility (mp/a) 0.42¢ 0.59¢ NA 0.24,0.24¢ 0.054 0.012, 0.02¢f 0.027
0.1 0.0569
Lipld selubiitly very soluble very seluble very soluble very soluble very soluble very soluble very soluble
(erganic selveats)
Vaper presswre (4x107) (6. 7107°) [4.06x107°) 4.06x107¢ 4.94x107 1.71x107 4.05x10°
(mm Ng al 25°C)
Log ectamel/vater part)- 4.0 (2.8 {3.2) and 5.5} 6.03)h 1.14)0
tien coefficient >5.581.) o.ml.t >4.54).k >5.50.) gs.n'-l (e-0 gs.nl.l
Adsorplion capacity of nA 2420 630! NA NA NA nA
aclivaled carben (my/g) .
Cenversien facters
) ppm - 10.85 ag/m® 8.2) my/m® 9.50 my/m* 10.9 ay/m* 12.2 mg/m* 13.4 mg/m® 15.4 ng/m®
) ng/m® - 0.09%48 ppa 0.122 ppa 0.105 ppm 0.09)) ppm 0.0816 ppm 0.0745 ppm 0.065) ppm

Spdapled Frem Callahan et a)., 1979
BA1) values net superscripted are frem Monsante, 1974.
CBracketled data are estimated.

dparis ot a)., 1978
Cuelitfleld, 1979
fhexter and Paviev, 1978

aque et al., 1904

Miansch et al., 1974; Chieu ot al., 1977

Ithtou et al., 1970
Jrartitten coefficient of

K1ulp and Mutzlnger, 1978

YRamanathan, 1384
NA - Mol avatlable

Towest chlorinated bipheay) presest Ia significant quantities.



0EE20

SL-11

L8/20/¢C

Percent Composition of Aroclors and Kanechlorsd

TABLE 11-7

tmpirical

Mass Percentage In Aroclor

Kanechlor Number

formula 1016 1221 1232 1242 1248 1254 1260b 300 400 500
RPLIT <0.1 N <0.) <0.1 ND <0.1 ND NR NR NR
Cy2tgC1 1 5) N ) ND <0.1 ND NR NR NR
CyoHgCl 20 32 24 16 2 0.5 ND 16.6 3.0 NR
CyoH7C15 517 4 28 49 18 ] ND 59.8 32.8 5.0
CioHeCly 21 2 12 25 40 21 1 23.0 43.8 26.5
Cy2H5C15 L <0.5 4 8 36 48 12 0.6 15.8  55.0
Cqi2H4Clg <0.1 ND <0.1 L 4 23 K1) NR 4.6 12.8
C12M3C13 ND ND ND <0.1 ND 6 '] NR NR NR
CyotiaClg 1)) w0 ND ND ND ND 8 NR NR NR
C1oH)Clg ND ND ND ND D N ND NR NR NR
Percent chlorine $) 20.5-21.5 31.4-32.5 4?2 48 54 60 NA 49 54

asource: Callahan et al., 1979; 1ARC, 1974, Masuda et al., 1974

Mpancihior 600 (Japanese), Phenoclor DP6 (trench) and Clophen A60 (German); all contaln ~60% C)
(Rasuda el al., 1974; fishbein, 1974).

ND - None detected; NR - Not reported



depend on molecular weight but do for ortho-substituted PCBs (Burkhard et
al., 1985b; Arbuckle, 1986). Vapor-particle partitioning of PCBs depends
markedly on iemperature (Bidleman et al. 1986); at 20°C, only 2.1% of
Aroclor 1254 was retained on a filter, whereas at 0°C the percentage was
25%. Differential wvolatilization of the less chlorinated components of
Aroclor 1254 has been observed during air sampling with Tenax-GC, XAD-2
resin, and deactivated florisil (Brownlow and Que Hee, 1985; Lin and Que
Hee, 1987). Enrichment in the higher chlorinated congeners is observed also

in the residue after volatilization of the less chlorinated compounds (Lin

and Que Hee, 1987).

Individual PCB congeners Increase in water solubility, with decreasing
chlorination and increasing temperature (Yalkowsky et al., 1983; Mackay et
al., 1980; Dickhut et al., 1986). Beyond the C1‘-PCBS. most of the PCBs
tend to be relatively insoluble (Dickhut 'et. al., 1986); for example,
3,3'.4.4'-c1‘-PCB has a solubility of (1.95x107®) M at 25°C: decachloro-
biphenyl similarly has a solubility of (1.30x107:2) M. (QOctanol/water
coefficients increase with increasing chlorination (Rapaport and Eilsenreich,
1984). Miller et al. (1985) showed that log Kow values at 25°C variled
between 3.76 (biphenyl) and 8.26 for decachlorobiphenyl. The C1,-PCBs had

4

a log Kou of ~5.7; the CIS-PCBs of ~6.0, and the Cls-PCBs of ~7.0. In

a1l of these systems the chlorine substitutton in an isomeric class also

influences physical property.

PCBs are aromatic and hence can be detected with great sensitivity using
ultraviolet (UV) detectors (kmax are at 197-222, 214-265 and 267-302 nm

for PCBs), and jive strong molecular lons in mass spectra, but because of

02330 11-16 03/02/817



the number of possible congeners, infrared spectroscopy (1200-300 cm™?)
and nuclear magnetic resonance spectroscopy (7.0-7.6 ppm relative to tetra-
methylsilane) are poor at sensitively distinguishing congeners (Hutzinger et
al., 1974). Mullin et al. (1984) have measured the 'H-NMR spectra for indi-
vidual Cl‘. Cls. C]6 and C17-PCBs. As for the C]a and CIQ-PCBS.
the 2,2',6 and 6' protons exhibited the lowest chemical shifts with respect
to tetramethylsilane. Protons at the para positions gave the highest

chemical shift values. The spectra for the mono-, di- and tri-PCBs were

extremely complex.

PCB Analysis

Capillary gas chromatography with nonpolar columns s invarlably the
last step used to attain optimum separation (Mullin et al., 1984); currently
only 187 congeners of the 209 are resolvable. The capillary column used was
SOmx 0.2 mm 1.0. fused silica coated with SE-S; and a temperature program
of 1.0°C/min from 100-200°C (injector, and ¢3Ni-electron capture detector
temperatures were 270 and 330°C, respectively). The synthesis of all 209
congeners is also provided. The relative retention times are highly depen-
dent on congener structure. Within each series of 1isomers, there was
generally an increase in retention time with a decrease in the number of
o-chloro substituents. The electron-capture relative response factors
increase with increasing chlorination, but there are wide variations within
isomeric classes. Cooper et al. (1985) selected 31 surrogate congeners for
each isomeric class based on electron-capture response. Pellizari et al.,
(1981, 1985) have also discussed these problems. The molecular ion (M) and
M-2C1 have been most utilized for sp0c1f§c fon monitoring mass spectroscopy

after captllary column separation. Electron impact (70eV) fragmentation is

12330 I1-17 03/31/88



the most commonly used technique (Alford-Stevens et al., 1986a,b; Gebhart et
al., 1985; Siiven et al., 1985). However, it is 2.3 orders of magnitude
less sensit\Qé than the electron capture detector. Electron impact (70ev)
fragmentation is recommended as the basis of U.S. EPA method 680 (Alford-
Stevens et al., 1986b). It was shown that the mass spectrometric response
factors within an isomeric class varied between 1.3 and 4.6 (Gebhart et al.,
1985). Nevertheless, nine surrogate congeners can represent all PCBs 1in
mass spectroscopic response; therefore, the recommendation is that detection
1imits be found in terms of these nine surrogates.. The nine surrogates in
terms of chlorine substitution are as follows: 2-, 2,3-, 2,4,5-, 2,2',4,6-,
2,2',3,4,5'-, 2,2',4,4',5,6'-, 2,2',3,4,5,6,6'-, 2,2',3,3',4,5',6,6'-~ and
decachlorobiphenyl (for C1_, and c1]0). The only 1isotopically 1labeled

9

PCB avatlable s 3.3'.‘.4'-01‘ PCB-d, (Gebhart et al., 1985). The

6
recovery of Aroclors from waters shows a negative bilas between 15 and 27%
when analysed as Aroclors, thus necessitating specific congener analysis

(Aford-Stevens et al., 1986b).

Positive methane chemical lontzation-GC/MS of PCBs has been reported by
Voyksner et al. (1986). The (MsH)" and (MeHy-C1)" tons were moni-
tored. The relative response for all congeners varies between 0.14 and 1.79
(compare electron impact range of 0.22-4.08), and was generally 2-6 times
more sensitive than electron impact detection (but stil1l not as sensitive as

electron capture detection).
Environmental samples often require many clean-up steps before inter-

fer ing peaks can be removed. For example, sediments require Soxhlet extrac-

tion or ultrasonic homogenization in hexane/acetone or isopropanol/dichloro-
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methane followed by Florisil column chromatography, and removal of sylfur
before GC/MS analysis (Alford-Stevens et al., 1985). Using a Webb-McCal
Analysis (Hebb.and McCall, 1973), direct comparison with Aroclor standards
or specific congener analysis can then be performed (Alford-Stevens et al.,
1985). The Soxhlet extraction s recommended for sediments. In general,
direct comparison with Aroclor standards gives higher results than the
Webb-McCall method alone. The more heavy the contamination, the better is
the accuracy of the Aroclor standards comparison. The noncorrespondence of
blood PCB profiles with original Aroclor 1s well-known from occupational
studies (Wolff et al., 1986) and from the Yusho incidents (Chen et ai.,
1985; Miyata et al., 1985; Kashimoto et al., 1985; Hara, 1985). In general,
the sample (tissue or blood) 1s saponified, extracted with hexane, concen-
trated and then subjected to Florisil chromatography before GC/MS analysis.
Pattern recognition of the GC and GC/MS data from environmental (Capel et

al., 1985) and tissue (Wolff et al., 1986) samples has been discussed.

Solvent extraction with dichloromethane s recommended for PCB isolation
from environmental waters in U.S. EPA method 680 (Alford-Stevens et al.,
1986b). An XAD-4 sorbent method ylelded competitive results with the
dichloromethane solvent extraction method for Aroclor 1232 1in distilled
water but not in natura) water at a concentration of 10 ppb (Woodrow et al.,

1986). Clean-up on HPLC is required for levels below the ppt level.

UV detectors in HPLC can be effectively utilized for sensitive detection
of PCBs because of their strong ultraviolet absorption. WNormal phase silica
columns are usually used with hexane as mobile phase together with metnhyl

t-butyl ether in a 1inear gradient program (Woodrow et al., 1986). A fluor-
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escence detector with excitation at 340 nm hds also been used after a 37-50Q
uBondapak/Corasil column or a uBondapak C column (Miller et al

18 "

1985).
Two dimensional TLC using a hexane/ethyl acetate mobile phase and silica
gel plates has been reported (Lay et al., 1976); the fluorescence char-
acteristics of PCBs in a-cyclodextrin using room temperature phosphor-

escence can discriminate some individual PCB congeners (femla et al., 1985).

Other analytical methods of some use are perchlorination (Lin and Que
Hee, 1985) and dechlorination (Seymour et al., 1986). Perchlorination has
been used extensively, especially for Yusho samples (Miyata et al., 1985;

Kashimoto et al., 1985).

Chemical Reactions

Pyrolysis. A route with environmental Iimplications 1Is the thermal
production of PCOFs from PCBs. Buser et al. (1978) and Buser and Rappe
(1979) showed that when specific PCBs were pyrolyzed In quartz ampules
between 500 and 700°C, PCDF ytelds in the 1-10X range could be obtained,
though they were accompanied by many other products including chlorinated
benzenes, naphthalenes and hydroxy PCBs. Buser et al. (1978) described the
products of pyrolysis at 600°C identifled by GC/MS. There appear to be four
major paths for production of PCDFs from PCBs: loss of two ortho chlortines,
loss of ortho hydrogen as well as chlorine, loss of an ortho hydrogen as
well as chlorine but involving a shift of chlorine from the 2- to the

3-position and loss of two ortho hydrogens. These paths are summarized in

02330 11-20 05/07/87



Figure 11-1 for 2,2',4,4',5,5' -hexachlorobiphenyl. Such paths are environ-
mentally important in the origin of toxic PCOFs from various PCB formula-
tions. Mazer and Hileman (1982), Mazer et al. (1983a,b) and Hileman et al.
(1985) have uttlized the technique after HPLC separation and confirmation by
GC/MS and Kovats indices to produce 110 pure TCDFs to act as chromatographic

standards.

The levels of PCOFs in PCBs increase with the length of time in service
at high temperatures as heat exchange media (Morita et al., 1977b; Buser et
al., 1978), as originally suggested by Kuratsune et al. (1976). A contrary
finding has been reported by Cull and Dobbs (1984). Aroclor 1254 on pyroly-
s1s also contained the major toxic PCOFs, but the relative amounts of the
products differed somewhat from those obtained from the Mitsubishi-Monsanto
T-1248 (Buser and Rappe, 1979). The major PCOFs identified in the used
Mitsubishi-Monsanto T-1248 were the 2.3.7.8-?COF.(1.25 ppm), the 2,3,4,7,8-
PeCDF (the pyrolysis product of 2,4,5,2',4',5'-hexachlorobiphenyl),
1,2.3,7,8-PeCDF, 2,3,4,6,8-PeCDF, 1,2,3,4,8-PeCDF, 1,3,4,7,8-PeCDF (also
from pyrolysis of 2,4,5,2',4',5'-hexachlorobiphenyl) and the 2,3,4,6,7,8-
HxCDF. The 2,3,4,8- and 2,3,7,8-TCOFs were later shown to co-elute (Mazer
et al., 1983a,b; Rappe et al., 1984). The exact composition of the
2.3,7,8-TCOF peak ts st11) unreported. Whereas the used Mitsubish)-Monsanto
T-1248 was exposed for years to elevated temperatures in the )1iquid phase,
ine laboratory pyrolyses of Aroclor 1254 and 1260 were performed In the gas
phase for a few seconds up to a maximum temperature of 700°C (Buser and
Rappe. 1979). With Aroclor 1254 (tri- to nepta-PCBs), mostly MCOFs to
PeCDFs were formed at a level of ~2X. With Aroclor 1260 (penta- to octa-
3CBs), mostly TrCOFs to WpCOFs were produced at a similar level. The toxic
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FIGURE 11-1

Possidble Reaction Schemes to Produce PCDFs from the Pyrolysis of

2,2', 4,4', 5,5 -Hexachlorobipheny!l

Source: Adapted from Buser and Rappe, 1979
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2,3,7,8-TCDF was the most abundant TCOF and was most likely derived from
2,4,5,2',4',5'~pexachlorob1pheny1 or 2,3',4,4',5'-pentachlorobiphenyl. The
acutely toxic 1,2,3,7,8- and 2,3,4,7,8-PeCDFs were the major PeCODFs. The
former probably is produced from pyrolysis of 2,3,4,2',4' 5 -hexachlorobi-
phenyl, and the latter from 2,4,5,2',4',5' -hexa- or 2,3,4,5,2',4',5' hepta-
chlorobiphenyl. Pyrolyzed Aroclor 1254 also contained significant amounts
of 1,3,4,7,9-PeCDF. These results were confirmed by Paasivirta et al.
(1985) who also found small amounts of chlorinated phenols, naphthaienes,

and MCDFs and DCDFs produced between 500 and 700°C.

PCBs are destroyed at a 2 sec residence time at 1200°C with 3X excess
oxygen and at 1.5 sec residence time at 1600°C with 2X excess oxygen
(Johnston, 1985). Johnston (1985) has also reviewed the disposal methods
for PCB waste including thermal incineration. Rubey et al., (1985) showed
that in addition to PCOFs, lower PCBs, ch1or1na£ed benzenes, naphthalenes,
phenyl ethynes and biphenylenes were produced from pyrolysis of
2,3',4,4'5-penta-CB. HC1 loss was the dominant mechanism between 750 and

850°C. PCDF and PCB levels declined exponentially >300°C at a 2 sec resi-

dence time.

Stabiltty in Water
Commercial Aroclors are complex mixtures of PCBs rather than single com-

ponents. Therefore, the composition of an Aroclor will change with time
because of selective adsorptton, evaporation, solubility and biodegradation
of specific congeners. Water solubility and vapor pressure increase with
decreasing chlorination (Hutzinger et al., 1974). In summary, lower chlori-

nated PCBs are mostly removed from the water bodies by biodegradation,
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volatilization and solubilization (Hutzinger et al., 1974), although

sedimentation removal also occurs. Higher molecular weight PCBs will
principally adsorb to sediments and biota, although some volatilization

(Hutzinger et al., 1974) may occur.

Photodecomposition. PCBs in water at sunlight wavelengths can be
photochemically degraded (Crosby and Moilanen, 1973), resulting in reductive
or hydroxylative dechlorination as well as dibenzofurans. The hydroxylated
products can also form dibenzofurans on botling or at high pH. Reductive
dechlorinatiaon occurs in organic solvents at 300 nm; the chlorines next to

the bipheny! bridge are cleaved preferentialily (Hutzinger et al., 1974).

PCBs in water can be photolyzed (Crosby and Mollanen, 1973; Hutzinger et
al., 1974; Pomerantz et al., 1978; Callahan et al., 1979). Hydroxylative
dechlorination can also occur as well as reduci\ve dechlorination (Crosby
and Moilanen, 1973; Hutzinger et al., 1974). The rate and extent of PCB
photodegradation by sunlight are extremely difficult to assess 1in the
environment. Complicating factors tinclude the diversity of environmenta)
conditions and the propensity of PCBs (particularly the more photolabile
highly-chlorinated biphenyls) to adsorb to sediments and organic materitals
(Hutzinger et al., 1974). Hutzinger (1972) observed 0.2X 2-PCOF production
after 7 days of ultraviolet irradiation (310 nm) of aqueous solutions of
2,5,2'5'-tetrachloro- and 2,5-dichlorobiphenyls (5 mg/t). These products
were confirmed Dy Crosby and Moilanen (1973). However, Hutzinger (1972)
found no PCDfs after some aqueous PCB samples (167 mg/t) had been exposed
to sunlight for >2 months. This discrepancy may have arisen because of the

different irradiation times and different wavelengths used. The yleld of
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the products was wavelength-dependent. Irradiation at 254 nm (mercury arc)
decomposed PCQF photoproducts but only slowly at 310 nm or at the wave-
lengths encountered at sea level for sunlight, or for a solar simulator.
Triplet sensitizers (for example, 4,4'-dichlorobenzophenone) induced faster
photodecomposition of 2,8-DCDF in methanolic solution (Crosby and Moilanen,

1973). Thus, the presence of other compounds may be Important.

Oxidation and Hydrolysis

Oxtdation ts not 1likely to be an Iimportant environmental conversion
process for PCBs since severe conditlons are necessary (Hutzinger et al.,
1974). PCOFs are formed in very low yilelds during oxidation of PCBs
(Pomerantz et al., 1978). Thus, although PCOFs are present In commercial

PCB mixtures, the evidence for their environmental formation is tenuous.

PCBs are also unlikely to be affected by‘hy&rolysis as an environmental
process because SN1 and SNZ reactions do not take place readily at sp?
hybridized carbons (Morrison and Boyd, 1973) and they are not water soluble
enough to allow water to interact. However, hydroxylative dechlorination in

water has been noted at 254 and 310 nm wavelengths (Hutzinger et ai., 1974).

Volatilization

The collection of PCBs in the atmosphere and during several laboratory
:tudles have confirmed the ‘mportance of volatilization as 2 removal process
for PCBs from water (Doskey and Andren, 1981; Callahan et al., 1979; Atlas
et al., 1983; Eisenreich et al., 1981; Mackay and Leinonen, '975). Vola-

t'11zation half-11fe data for environmental waters dre Aot avallable,
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Modeling )s complicated by the numerous contradictory solubilitles, octanol/
water partit\on coeffictents, and Henry's Law constants for edch Aroclor
(Callanan et al., 1979; Doskey and Andren, 1981; Mabey et al., 1981,
Burkhard et al., 1985¢c; Mackay et al., 1986). This arises because Aroclors
are mixtures. Thus, some Henry's Law constants varied over 4 orders of
magnitude for the same Aroclor (Doskey and Andren, 1981). The volatiliza-
tion half-1ives for various Aroclors calculated, based on a number of input
values for these parameters (Burns et al., 1981), appear to be in the
following ranges: Aroclor 1221 and Aroclor 1232, 2 months to 1 year;
Aroclor 1016, <2-7 years; Aroclor 1242, 2-7 years; Aroclor 1248, 3-8 years;
Aroclor 1254, >4-11 years; Aroclor 1260, >60 to >150 years. However, exact

data can only be obtained by consideration of specific congeners.

One of the major controlling factors Ffound to determine the volatiliza-
tion half-1ife (Burns et al., 1981) was the 6ct$no1/uater partition coeffi-
cient, since this is inversely related to the amount of PCBs partitioning
into the water from sediments and biota and the level avatlable for vola-
til1zation. This applies Ffor laboratory as well as environmental condti-
ttons. Again, as expected of mixtures, several laberatory values for the
octanol/water partition coefficient varying over 2 orders of magnitude were
found for the Aroclors {Callahan et al., 1979; Garten and Trabalka, 1963;
Miller et al., 1985). The advantage of using the Burns et al. (1981)
approach 1is tnat adsorption is also taken into account when calculating
volatilization half-lives, while models for volatilization alone do not
consider adsorption or do so indirectly (Mackay and Leinonen, 1975). The
reduction of volatilization half-lives in the presence of adsorption has

boen studied in the laboratory. Oloffs et al. (1972, 1973) showed that
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Aroclor 1260 (100 wug/e) volatilized 67% from river water after 12 weeks
but only 34% when sediment was added. Tucker et al. (1975) reported that

Aroclors 1221 and 1016 volatilized 4.2 and 3.6% from aerated samples con-

taintng activated sludge.

Adsorption
Adsorption onto sediments and other organic matter, including treatment

plant sludge, coagulant and possibly plastic water pipe and coal tar coated
water pipe, may be an important removal process for high molecular weight
PCBs in waters. Using the octanol/water partition coefficients available
(Callahan et al., 1979; Mabey et al., 1981; Mackay, 1982; Burns et al.,
1981; Miller et al., 1985), the following amounts of PCB that would be
adsorbed onto sediments have been predicted: Aroclor 1221, 45-95%: Aroclor
1232, 70-98%; Aroclor 1016 and 1242, 96->99%; Aroclor 1248, 97->99%; Aroclor
1254, 98->99% and Aroclor 1260, >39%. These Jalues are dependent on the
choice of partition coefficient and on the amount of organic matter present
tn the sediment. These results appear to be consistent with other experi-
mental data (0loffs et al., 1973; Haque et al., 1974; Moein et al., 1976;
Het1ing et al., 1978; Paris et al., 1978). The adsorption characteristics
of each PCB congener of the Aroclors will, of course, vary constderably.
The lower chlorinated components will adsorb less strongly to the organic
matter than the more highly chlorinated ones. In addition, the more
strongly adsorbed components are also less blodegradable and hence more

persistent. The same consideratlons have been noted in laboratory Invest)-

gations using glass equipment (Hutzinger et al., 1974).
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Exchange Between Media
Air/water exchange of PCBs has bcen modeled by Mackay et al. (1986).

The example has been provided of a C1_-PCB In the Great Lakes Basin. This

5
PCB air concentration is 5.7% sorbed and 94.3% in gaseous form at 15°C; in
the water, 19.7% s sorbed and 80.3% s dissolved. While there Is a net
volattltzation effect, this is countered (25%) by wet and dry deposition.
On the average, rainfall contains 68.2 ng PCB/t, mostly all assoclated
with washed out particles. Lower temperatures will enhance adsorption and
sorption. Higher temperatures will enhance volatilization and solubili-
zation. Thus, a complex cycling of a PCB in an ecosystem s expected.
Burkhard et al. (1985c¢) have noted that the relative proportions of the PCBs
in environmental mixtures and Aroclors are different. They also modeled how
a1

specific C1 5 and C16 PCB congeners would be depleted or enriched

4
in a 3-phase system (water/air/suspended particulate matter). The binding
of 2,2',5,5'-tetrachlorobiphenyl to dissolved humic acid was studied by
Hassett and Millicic (1985), using an aspiration method. The equilibrium
binding constant is 7.1x104. The rate constant for release of bound PC8
congener by humic acid s 3.5x107? min~2; the rate constant for binding
of dissolved PCB congener by humic acld ts 1.7x10°¢ ¢ (mg dissolved

organic carbon)™2 minT2,

Biodegradability

A number of 1investigators have reported on biodegradabiltty and 1its
mechanism for PCBs (Hutzinger et al., 1972, 1974; Katser and Wong, 1974;
Branson et al., 1975; Berlin et al., 1975; Wong and Kaiser, 1976; Furukawa
et al., 1978, 1983; Tabak et al., 198la,b). Blodegradabtility ts qgenerally

related to the number of hydrogens available. These posttions appear to be
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hydroxylated by microsomal oxidation. If an adjacent position is unchlor!-
nated, degradqtion ts then facilitated by allowing the formation of an arene
oxide. Biodegradation rates vary considerably and are dependent upon many
factors including the amount of chiorination, concentration, type of micro-
blal population, avatlable nutrients and temperature. An example of this
variation In biodegradation rate was reported by Tucker et al. (1975) for
Aroclors using the Soap and Detergent Association semicontinuous activated
sludge procedure and modified feed with 48-hour exposure: Aroclor 1221,
81+6%; Aroclor 1016, 33:14%; Aroclor 1242, 26:16% and Aroclor 1254, 19+38X%.
Tabak et al. (198la,b) found virtually complete degradation for Aroclors
1221 and 1232 at § and 10 mg/t concentrations using a static-culture,
flask-screening procedure employing BOD dilution water and a settled
domestic wastewater inoculum over 28 days. By contrast, Aroclors 1016 and
1242 showed moderate degradation (~40%), while Aroclors 1248, 1254 and 1260

showed aimost no degradation.

This type of degradation pattern has becen reported by 0loffs et al.
(1972), Moein et al. (1976) and Wong and Kaiser (1976). The results show
that mono-, di- and tr1-CBs (Aroclors 1221 and 1232) blodegrade relatively
rapidly, tetra-CBs (Aroclors 1016 and 1242) blodegrade slowly and higher
chlorinated biphenyls (Aroclors 1248, 1254 and 1260) are recalcitrant.

Summary
Aroclors once marketed in the United States principally by Monsanto are

a family of compounds consisting of a mixture of vartous PCB congeners and
fsomers. The physical properties of the congeners vary considerably with a

molecular mass range of 154-499, a log octanol/water partition coefficient
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range of 3.76-8.26, -and a solubility range of 9.77x1072° to 4.68x10"%
moles/t (moles/t x molecular weight x 108/ = ,g/t) (Yalkowsky
et al. 1983).

PCBs will volatilize from ambient waters with half-lives ranging between
2 months and >150 years (Burns et al., 1981; Doskey and Andren, 1981;
Callahan et al., 1979; Mabey et al., 1981). The most important parameter
affecting volatilization rates was found to be the octanol/water partition
coefficient, showing that the partitioning of the PCBs from the sediments

and biota into the water was the 1imiting factor affecting volatilization.

Adsorption appears to be the dominant removal mechanism for highly
chlorinated PC8s. Using the input parameters from the previously mentioned
sources, sorption to sediment effectively binds between 45 and >39X of the
PCBs present in water depending on the PCB and the organic matter present in
the sediment. The higher the organic matter in the sediment or the higher
the chlorination, the more strongly sorbed will be the PCB. P(Bs have been

demonstrated to undergo complete cycling in ecosystems.

As for volatilization and sorption, btodegradation ts also a significant
removal mechanism for the less chlorinated species (Callahan et al., 1979;
Hutzinger et al., 1972, 1974; Katser and Wong, 1974; Tabak et al.,
1981a,b). Based on published reports, PCBs containing <3 chlorines tend to
be degraded in the environment, although estimation of half-lives 1s very
difficult given the great variability in the reported 1iterature. PCBs with
Four chlorlines appear to be somewhat less degradable. PCBs with five or

more chlorines appear to be recdlcitrant.
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III. TOXICOKINETICS

Introduction

As explained in Chapter II, polychlorinated biphenyls are highly compiex
mixtures of isomers and congeners that have been widely identified in aimost
all components of the global ecosystem (Hutzinger et a)., 1974; Risebrough
et al., 1968; Fishbein, 1972; Buckley, 1982; Ballschmiter et al., 1981;
Wasserman et al., 1979; Higuchi, 1976; Cordle et al., 1978: Holdrinet et
al., 1977; Safe, 1982). Since PCBs are highly lipophilic and relatively
stable, these pollutants rapidly bloaccumulate and are routinely detected in
fish, wild1ife and human milk, adipose tissue and blood serum (Risebrough et
at., 1968; Fishbein, 1972; Buckley, 1982; Ballschmiter et al., 1981;
Wasserman et al., 1979; Higuchi, 1976; Cordie et al., 1978; Holdrinet et
al., 1977; Safe, 1982). Since commercial PCBs are highly complex mixtures,
the gas chromatographic (GC) identification and quantitation of PCB residues
has primarily relied upon specific peak or pétte;n matching techniques using
commercial PCB mixtures as standards (Chapter Il of this document).
However, 1t is apparent from analytical studies of environmental samples and
residues in laboratory animals treated with these compounds that there can
be major differences between their composition and that of the commercial
PCB products {Hansen et al., 1975; Hansen, 1979; Stalling et al, 1979; Burse
et al., 1976). The development of high resolution glass capillary, GC
analytical procedures and the recent synthesis and characterization of the
209 PCB standards (Mullin et al., 1984) has remarkably demonstrated this
Tatter observation as discussed in Chapter II. Table IIl-1 provides a
comparative analysis of PCBs in Aroclor 1260 and an extract of human breast
milk. Congener-specific high resolution GC analysis of the commercia) PCB

Aroclor 1260 identifled at least 90 different P(Bs (Safe et al., 1985b). 1In
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TABLE [II-]

Quantitative and Qualitative Analysis of PCBs in Aroclor 1260
and a Human Breast Milk Extractd

Congener Percentage Percentage Congener Percentage Percentage
NameD in Aroclor  in Human NameD in Aroclor  in Human
1260 M1 1kC 1260 Mi1k¢
PCB-018 0.12 ND PCB-118 0.49 6.5
PCB-017 0.05 ND PCB-134 0.35 ND
PCB-024 0.01 ND PCB-114 NO 0.33
PCB-016 0.04 ND PCB-1N 0.07 NO
PCB-029 0.02 NO PCB-122 0.12 0.53
PCB-026 0.02 ND PCB-146 1.3 1.9
PCB-028 0.04 8.8 PCB-153 9.6 12
PCB8-021 0.01 ND PCB-141 2.5 0.29
PCB8-033 0.09 2.2 PCB-176 0.33 ND
PCB-0S3 0.04 ND PCB-137 0.22 0.87
PCB-022 0.0 0.65 PCB-130 ND 0.59
PCB-045 0.07 ND PCB-138 6.5 10
PCB-046 0.02 0.25 PCB-158 0.70 0.55
PCB-052 0.25 1.9 PCB-129 0.20 NO
PCB-043 0.02 ND PCB-178 1.2 NO
PCB-049 0.06 0.66 PCB-175 0.49 ND
PCB-048 0.29 0.3 PCB-187 4.5 1.5
PCB-044 0.1 0.78 PC8-183 2.3 1.4
PCB-037 0.04 2.9 PCB-128 0.47 0.33
PCB-042 0.04 ND PCB-167 0.16 0.85
PCB-041 0.25 1.3 PCB-185 4 0.
PCB-040 0.03 ND PCB-174 5.5 0.39
PCB-100 0.02 ND PC8-177 1.9 0.61
PCB-074 0.03 N PCB-171+202 1.2 0.37
PCB8-070+076 0.15 0.61 PC8-156 0.45 4.87
PCB-095 2.1 ) PCB-173 0.06 NO
PCB-091 0.07 ND PCB-200 0.78 ND
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TABLE III-1 {cont.)

Congener Percentage Percentage Congener Percentage Percentage
NameD in Aroclor  1n Human NameD in Aroclor  in Human
1260 MY IkC 1260 M1I1kC
PCB-056+060 0.14 0.M PCB-157 ND 0.47
PCB-084 0.65 ND PCB-172 0.78 0.31
PCB-101 2.5 0.97 PCB-180 9.1 5.3
PCB-099 0.13 4.8 PCB-193 0.47 0.19
PCB-119 ND 0.08 PCB-191 0.10 0.90
PCB8-083 0.04 ND PCB-199 0.33 NO
PCB-097 0.45 ND PCB-170 6.8 5.3
PCB-087 0.45 0.82 PC8-201 2.9 0.85
PCB-085 0.13 ND PCB-203 K| 0.79
PCB-136 1.4 ND PCB-~196 2.5 0.18
PCB8-110 1.7 1.0 PCB-189 0.15 2.4
PCB-154 0.02 ND PCB-195 K| 0.3
PCB-082 0.1 NOD PCB-207 ~ 0.08 ND
PCB-151 2.5 0.59 PCB-194 1.7 0.48
PCB-144+135 1.5 0.51 PCB-205 0.1 0.06
PCB-107 0.03 0.31 PCB-206 0.85 0.24
PCB-149 7.4 ND PCB-209 0.06 0.09

dSource: Safe et al., 1985b

DCongener names adapted from Ballschmiter and Zell (1980). See Table II-}
in this document.

CHuman milk sample collected and extracted by the Michigan Department of
Public Health under Cooperative Agreement CR807192 with the Large Lakes
Research Station, U.S. EPA.

ND = Not detected
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contrast, the gas chromatogram of a composite human milk sample does not
resemble the Pattern of any commercial PCB, and pattern matching methods
would not yleld meaningful quantitative results. However, the high-resolu-
tton isomer-specific GC approach permitted quantitation of all the indi-
vidual PCB components present in this mixture. Several PCB congeners,
including 2,2',4,4',5,5'-hexa-C8, 2,2',3,4,4',5'- hexa-CB, 2,2',3,3',4,4' 5-
hepta-CB and 2.2',3.4,4',5,5'-hepta-CB are majJor components of both Aroclor

1260 and the human milk extract.

Another major PCB present in the human milk extract, (4.87%),
(2,3,3',4,4',5-hexa-CB) 1s a minor component of Aroclor 1260 and other com-
mercial PCBs (Ballschmiter and Zell, 1980; lJensen and Sundstrom, 1974) and
has previously been identified as a major PCB contaminant of Japanese human
milk extracts (Safe, 1982). The four remaining major PCB congeners iden-
tifled in the human milk extract (2,4,4'-tr1-CB, 2,4,4',5-tetra-CB,
2,2',4,4" ,5-penta-CB and 2,3',4,4',5-penta-CB) are minor components of
Aroclor 1260 (<0.49% for all four isomers). It is likely that these penta-
and tri-PCB congeners are derived from the lower chlorinated PCB formula-
tions: however, it 1s noteworthy that with the exception of 2,4,4'-tri-C8,
all of these compounds also contain 2,4,5-trichloro-substitution on one of
the phenyl rings and a p-chloro group on the second phenyl ring. This high-
resolution analytical study has also identifled 2,4,4'-tr1-CB as a major PCB
component and confirms a previous report that identified this compound in a
Japanese human milk extract (Yakushiji et al., 1979). The reasons For the
persistence of this congener are not apparent. It was also of interest to
note that several other compounds including 2,2',3,5',6-penta-C8 (2.7%),
2,2',3,4',5' ,6-hexa-CB8  (7.4%), 2,2',3.,3'.4,5,5'-hepta-C8  (5.5%) and
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2,2',3,3',4,4',5,6-0cta-CB (3.1%) constitute 22.8% of the PCBs present 1in
Aroclor 1260 but are only minor components (0.81X) of the human milk PCB

extract.

These results clearly demonstrate that there is a preferential struc-
ture-dependent bloaccumulation of specific PCB congeners in human milk,
Several studies have also shown that the bilologic and toxic effects of PCBs
are also structure-dependent because of their stereoselective interaction
with a cytosolic receptor protein (Safe et al., 1982; Poland et al., 1979,
1983: Safe, 1984). Not surprisingly, the absorption, tissue distribution,
metabolism and excretion of individual PCBs and their mixtures is dependent
on their physicochemical and blologic properties, and an assessment of the
toxicokinetics of thts class of chemicals must recognize these important
structure-dependent effects (Matthews and Dedrick, 1984; Schnellmann et al.,
1985; Safe, 1980). -

Absorption
Gastrointestinal. The GI absorption of commercial PCB mixtures and

individual congeners has been extensively investigated In laboratory animal
studies (Albro and Fishbein, 1972; Berlin et al., 1974; Matthews and
Anderson, 1975; Gage and Holm, 1976; Allen et al., 1974a,b; Tanabe et al.,
1981). Oral administration of a complex mixture of Kanechlors 300, 400, 500
and 600 (1.1.1:1 by weight) in corn o)) to Ymmature male Wistar rats (Tanabe
et al., 1981) resulted in >84% of the total dose being absorbed from the GI
tract with <16% of the dose excreted in the feces. GC-MS analysis of the
BCB in the fecal material demonstrated that the absorption efficiency of the

individual PCBs varied from 66-96%. The major structural determinant that
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governed absorption efficiencies was the degree of chiortnation, since there
was an increasg in absorption of PCBs with increasing ring chlorination and
molecular size. It s also concelvable that other structural factors may
also play an important role in PCB absorption. For example, ortho-chlorine
substitution decreases PCB ring coplanarity and there is evidence in both
fish and rats that there may be decreased absorption of Iisomers with
increasing ortho-chloro substituents (Tulp and Hutzinger, 1978a,b; Sparling
and Safe, 1980b; Shaw and Cornell, 1980). Several rodent and monkey studies
using either commercial PCB mixtures, reconstituted mixtures or individual
compounds confirm that PCBs are readily absorbed from the GI tract and are
distributed rapidly by the blood to diverse tissues. Liver and sometimes
muscle act as major depots for PCB accumulation after initial exposure and
absorption; these highly 1lipophilic compounds are then redistributed into
adipose tissue and skin (Matthews and Dedrick, 1984). The effect of the

vehicle on the GI absorption of PCBs has not been }ystenatical1y evaluated.

Dermal. Several dermal studies with PCB congeners or mixtures demon-
strate that these compounds are readily absorbed and elicit toxic or bio-
logic effects at dermal and distal sites (Nishizumi, 1976; Miller, 1944;
Puhvel et al., 1982; Wester et al., 1983). A recent study by Wester et al.
(1983) reported the dermal absorption 1in guinea pigs and monkeys of
synthetic 2¢C-labeled PCBs containing 42 and 54% chlorine (by weight).

Dermal absorption was estimated using the following relationship:

total 24C urinary excretion

ical in}
% Dose Absorbed » L2iiowif topical administration x 100

total 24C urinary excretion
following parenteral administration
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The estimated absorption of the 42 dand 54% 14C mixtures was 33 and
56%, respectively, in the guinea pigs and the absorption of the 42% mixture
varied between 15 and 34X depending on the dose (4.1 ug/cm? or 19.3
ug/cma), Immediate washing of the applied 4C-labeled PCB (42% (I
content) with water and acetone removed 59% of the dose whereas washing 24
hours after dermal application of the 42 and 54X :4C-labeled preparations

removed only 1 and 20% of the applied label, respectively.

Inhalation. Benthe et al. (1972) exposed male Wistar rats to Pidrani
A200 as an aerosol (0.5-3u particles, 30 g/m?). Hepatic levels at 15
minutes were >50% of the maximum obtalned after 2 hours. The pharmaco-
kinetics of the inhaled PCBs were comparable to those observed by absorption
by other routes; initial high PCB concentrations in liver and braln peaked

and decreased within 48 hours after exposure and adipose tissue became the

major reservoir for these compounds.

Tissue Distribution and Excretion

Transport of PCBs from the site of application to distal sites occurs by
a number of processes. The facile GI absorption of PCBs (Matthews and
Dedrick, 1984; Albro and Fishbein, 1972; Berlin et al., 1974; Matthews and
Anderson, 1975; Gage and Holm, 1976; Allen et al., 1974a,b; Tanabe et al.,
1981) is consistent with passive absorption into the lipophilic cell mem-

branes Followed by transport to all tissues by blood. In vitro studies have

shown that 2.2',4.4',5,5'-hexa-C8 1s taken up 1Into very low density 1lipo-
proteins (VLOL), low density lipoproteins (LOL). high density 1ipoproteins
(HOL) and other plasma proteins (Vomachka et al., 1983; Becker and Gamble,
1982). 2,2',4,4',5,5'-hexa-CB injected intravenously resulted in initial
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association primarily with LDL; however, between 6 and 24 hours after
administration the hexa-CB was redistributed from LDL to HOL and other
protein-rich piasma fractions (Spindler-Vomachka et al., 1984). Recent
studies using domestic animals have also demonstrated the importance of the
lymphatic system as a transport route for PCBs (Ziprin et al., 1980, 1986),

and this may contribute to the immunotoxic effects of PCBs.

The inittal distribution of PCB mixtures and individual PCB congeners in
diverse animal specles is dependent on the structure(s) of the compounds and
most importantly the biophysical factors that affect distribution of com-
pounds in a multicompartment system (Matthews and Dedrick, 1984). Figure
I11-1 summarizes a flow diagram for the pharmacokinetics of PCBs in animals
in which the initial distribution of serum containing PCBs is dependent on
blood flow rates, blood volumes, PCB-blood serum absorption affinities,
tissue/blood partition ratlos, perfusion rates and tissue volumes (Matthews
and Dedrick, 1984). In most animal spectes that have been investigated
there is an initial uptake of PCBs Into the l1iver and muscle which is due to
high perfusion in the liver and the relatively large muscle volume. Subse-
quent redistribution of PCBs into adipose tissue and skin reflects the high
affinity of the lipophilic PCBs for Tipophilic tissues. At equilibrium the
elimination of PCBs from all tissues will be dependent on the structure-

dependent rates of metabolism of individual PCB congeners (see the

Metabolism Section).

Several studies on the pharmacokinetics In rats and mice have been
reported (Matthews and Dedrick, 1984; Schnellmann et al., 1985; Safe, 1980;
Albro and Fishbein, 1972; Berlin et al., 1974; Matthews and Anderson, 1975;
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PCB Pharmacokinetic Flow Diagram

Source: Lutz et al., 1977
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Gage and Holm, 1976; Allen et al., 1974a,b; Tanabe et al., 1981; Sparling
and Safe, 1980a,b; Matthews and Tuey, 1980; Lutz et al., 1977; Muhlebach and
Bickel, 1981; Tuey and Matthews, 1977a,b, 1980; Morales et al., 1379; Morita
and O0ishi, 1977; Luclter et al., 1978; Clarke et al., 1984; Suglura et al.,
1975, 1976; Mizutani et al., 1977; Felt et al., 1977, 1979). Most of the
reports using individual PCB congeners gave comparable results. Matthews
and Anderson (1975) administered 0.6 mg/kg 1.v. of the following
14C-labeled PCB congeners to Sprague-Dawley rats: 4-CB (1-CB) 4,4'-.d1-CB
(2-C8) 2,2',4,5,5'-penta-CB (5-CB) and 2,2',4,4',5,5'-hexa-CB (6-CB). Early
time points 1llustrate the relatively high levels of all compounds in 1iver
and muscle: the subsequent decrease of PCBs in these tissues was followed by
preferential bioaccumulation of the PCB congeners 1n adipose tissue and
skin. Lutz et al. (1977) proposed one model based on the pharmacokinetic
data obtained Ffor these isomers, the flow diagram 1llustrated in Figure
111-1 and the known compartment sizes and perfu£ion rates from the experi-
mental animal (Sprague-Dawley rat). This pharmacokinetic model has also
been reviewed by Matthews and Dedrick (1984). The tissue/blood distribution

ratio and kinetic parameters are summarized In Tables I11-2 and 1II-3. The

resylts 11lustrate a number of important points, namely:

1. The highly lipophtlic parent compounds tend to preferentially
bioconcentrate in lipophilic tissues (adipose tissue and skin)
whereas the more polar metabolites are found 'n the hydrophilic

cell tissues/compariments;

2. The magnitude of ‘he metabolic clearance parameters (Km) are
dependent on structure; the Km for the more raptdly metabolized
CB-1 congener is 10.0 whereas these values decrease with
increasing ring chlorination: the Km value for 2,2',4,4',5,5'-

hexa-CB was <0.2% of the Xm for 4-CB;

3. The mathematical model developed for PCB pharmacokinetics using
the multicompartment system (see Figure III-1) can simulate and
predict the behaviour of both parent compound and metabolite.
For example, the mass balance equation for a tissue in which
metabolism occurs (for example, liver, L) takes the form.

02340 198 S 11/14/86



TABLE III-2

Pharmacokinetic Compartment Size Distribution for
Individual PCB Congeners in the Rat*
(tissue/blood distribution ratios)

_ Parent Metabolite
Compartment

1-C8 2-C8 5-C8 6-C8 1-CB 2-C8 5-C8 6-CB
Blood 1 1 1 1 1 1 1 1
Gut/lumen 1 1 1 L 1 1 1 1
Muscie 1 2 1 4 0.14 0.40 0.10 0.30
Liver 1 3 6 12 2 5 2 4
Skin 10 10 1 30 0.25 0.30 0.10 2
Adipose 30 10 10 400 0.40 0.60 0.40 2

*Source: Adapted from Lutz et al., 1977

1-CB:(4-CB)

2-CB:(4,4'-d1-CB)
5-CB:(2,2',4,5,5' -penta-CB)
6-CB:(2,2',4,4',5,5'-hexa-(B)

02340
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Pharmacokinetic

TABLE III-3

Parameters for Individual PCB Congeners in the Rat*

Rate constant

1-C8

2-C8

5-C8

6-C8

Metabolic clearance,
Km, mt/min

Kidney clearance,
Kk, st/min

Billary clearance,
KB, mt/min

Gut reabsorption,
KG, min~2

Fecal transport,
KF, min™3

10.0

0.20

0.20

0.00016

0.0008

2.0

0.133

0.35

0.00016

0.0008

0.39

0.033

0.30

0.00016

0.0008

0.045

0.030

0.30

0.00016

0.0008

*Source: Adapted from Lutz et al., 1977

1-CB:(4-CB)
2-CB:(4,4'-d1-(B)

5-CB:{2,2'.4,5,5'-penta-CB)
6-CB:(2,2',4,4',5,5'-hexa-(8B)

02340

I11-12

10/29/86



d (VCL) = QuiCg - CL) - Km

t RL ﬁ[
where:

time

tissue volume or mass

concentration

blood flow rate

metabolic clearance

equilibrium tissue-blood distribution ratio.

”;Oﬁ(#
[ DO D N B B )

For highly 1lipophilic tissues, such as adipose tissue and PCBs, which
are poorly metabolized, the Km CL/RL term approaches 0 and can be

neglected (Matthews and Dedrick, 1984).

It was also apparent from most of the rodent pharmacokinetic data that
tissue persistence of individual PCB congeners was a function of their
structure and relative rates of metabolism. Although the degree of chlor)-
natton of individual PCBs s an important determinant in tissue persistence
(and rate of metabolism) 1t 1s evident from several reports that the orien-
tation or chlorine substitution pattern 1s also an important structural
feature. Matthews and Tuey (1980) reported the distribution and excretion
of 2,2',3,3',5,5'-, 2,2',3,3',6,6'-, 2,2'.4,4',55'-and 2,2',4,4',6,6'-
hexa-CB in adult male Sprague-Dawley rats. The 2,2',3,3',6,6'-hexa-(B
isomer was more rapidly metabolized and eliminated than the other three
isomers, which were highly tissue persistent and resistant to metabolic
breakdown. It was evident that the presence of two adjacent unsubstituted
carbon atoms in the 2,2',3,3',6,6'-hexa-CB isomer greatly facilitated the

rate of metabolism in the rat.

Table III-4 summarizes the biological half-lives of 93 PCB congeners

that were \dentified in a mixture of Kanechlors 300, 400, S00 and 600

02340 11113 11714/86



TAME T11-4

8tological Half-Lives of Individua) Chlorobiphenyls in Ratsd.b

Structure

Type

Peak
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TABLE 111 -4 (cont.)
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TABIE 111 -4 (cont.)

Type A and lype 8 (1) Type 8 (11) and Type €
Peak Type Structure
No. 4y BurationS t Burationt

{day) {day) {day) (day)

88 c >90 0.13-%0 2,2'.3,3°,4,4,5,5'
”G
anf 2,2',3,3'.4,5,5',6,6'
92t 2,2°,3,3°,4.4° ,5,6,6'
9f 2.2°,3,3' 4,4 5,56

4source: Tanabe ot al., 198)

boral adminisiration of 2 mixture of Kanechlors 300, 400, 500 and 600 (1:1:1:1)

CPertod for the calculation of blological half-lives.

4ot detected because of the disappearance of PCB peaks <0.13 days after administration.
ol delermined.

foegradalod In 2lkaline digestion process.

t) = Blelegical hadf-lives of Type A PCBs and of Initial regression of Type B PCBs.

12 < Blelogical halt Vives of Type C PCOs and of subsequent regression of Type B PCBs.

r » Correlation coetticienls obtained from Vinear regressions.



(1:1:1:1) orally administered to 'mmature male Wistar rats (Tanabe et al.,
1981). Most congeners exhibited Diphasic half-lives (whole body) in which
the initial t] value was relatively low (~0.13-7 days) for all congeners

and the t, value was much greater and clearly structure-dependent. A

2
closer examination of individual t] and t2 values demonstrates a remark-
able similarity between the results reported for the mixture pharmaco-
kinetics and the data obtained for the studiles that utilized individual PCB

congeners.

Owing to the accumulation of PCB in adipose tissue, studies have been
performed on rats to determine the effects of adipose tissue mass on the
pharmacokinetics of 2,2',4,4',5,5'-hexachlorobiphenyl. This specific somer
is metabolized only to a very limited extent and is found In human tissues
and milk extracts. In a serles of studles (Muhlebach and Bickel, 1981; Wyss
et al., 1982; Jondorf et al., 1983), 2.2'.4.4'.5.5'-hexa-CB was administered
to rats at different stages of body fat depletion induced by a dietary
restriction paradigm. Up to 75% of the dose was deposited in the fat of
rats fed a standard diet whereas adipose-depleted (dietary restricted) rats
retained <0.1% of the dose 1in adipose tissue. As disposition of
2,2',4,4',5,5' -hexa-CB to fat decreased 'n fat-depleted animals, the dis-
position to skin increased. Excretion patterns also change whereby a larger
proportion of the dose Vs excreted in fat depleted animals. The magnitude
of the increased excretion can be well in excess of a factor of 2-3 times
greater than that observed in rats fed a normal diet. Thus, Yt 1s apparent
that alterations in body fat content can affect the disposition of the

2,2',4,4',5,5'-hexa-C8 body burden and the disposition of subsequent doses

of this lsomer.

02340 Ir-1 11/14/86



Long-term kinetics of 2,2',4.4',5,5' -hexa-CB have bcen studied in rats
maintained at a constant adipose tissue mass (Wyss et al., 1986). Table
111-5 1ndicate{ that under these conditions, the majority of the body burden
of this isomer s relegated to the fat compartment with the skin accumulat-
ing the next highest load. There is a striking persistence of this con-
gener, with 49% of the dose still assoclated with tissue compartments 280
days after dosing. The half-times for specific compartments are given In
Table II1-6. Levels in tissues generally decline in a triphasic fashion
with half-times of the terminal component on the order of 450 days. As seen
in Table III-7, only minimal amounts of 2,2',4,4',5,5'-hexa-CB are excreted
In urine. Extrapolation to infinite time points predicts that ~83% of the
total dose will eventually be excreted in the feces with a half-time of 478
days. Owing to its persistence and extremely long half-time for elimina-
tion, this particular congener has a high potential for accumulation within

the body.

The pharmacokinetics of PCB mixtures and congeners in several other
specles including the dog, fish, mink, avian species and swine have been
reported (Sparling and Safe, 1980b; Lutz et al., 1984; Sipes et al.,
1982a,b; Hansen et al., 1983; Brunn, 1984; Hornshaw et al., 1983; Gruger et
al., 1975; Guiney et al., 1979; Guiney and Peterson, 1980). The results are
somewhat comparable for all species with long-term accumulation of indi-
vidual PCBs occurring primarily in adipose tissue. [t was apparent that
rates of PCB metabolism were important with respect to tissue persistence of
Individual compounds. Sparling and Safe (1980b) suggested that the degree

of ortho-chloro substitutton (C1-2; C1-6) may contribute to the ultimate
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Time Course of 2,2',4,4'.5,5'-Hexa-CB Tissue Distribution, Elimination,

TABLE I1I-5

and Recovery (percentage of dose) in Rats with Constant Adipose Tissue Massd.b

Days: ] 7 14 28 02 140 175 280

No. of Rats/

Time Point: 6 6 3 3 6 4 2 4

8lo0d 0.21 0.24 0.14 0.12 0.09 0.07 0.06 0.06

Liver V.5 1.1 1.05 0.9 0.75 0.56 .44 0.45

Lung 0.21 0.30 0.17 0.20 0.10 0.09 0.08 0.07

Muscle 5.4 4.8 4.4 4.0 3.6 3.3 3.15 3.0

Brain 0.13 0.12 0.1 0.12 0.07 0.05 0.05 0.04

Skin 10.1 10.8 15.3 12.5 1.0 8.4 1.9 6.9

Adipose 58.9 63.) 64.4 67.8 58.8 4.4 42.1 38.4

I1ssuesC 6.0 80.9 85.5 86.0 74.5 51.0 54.5 49.0
Ur ine 0.1% 0.2) 0.27 0.7 0.48 1.03 1.18 1.49
feces 3.01 4.0 5.9 9.3 12.4 28.5 32.17 43.0

Excretiond 3.2 .2 6.2 9.7 12.9 29.5 13.9 .5

Recover y® 9.8 85.1 91.7 95.1 86.4 86.5 68.4 93.5

aSource: Adapted from Wyss et al., 1986

bsingle 1.v. dose ut 0.6 mg/kg bw.

cPercenlage of dose distributed to all tissues.

dPercentage ot dose excreted in urine and feces.

e

Percentage of dose recovered In tissues and excreta.



TABLE III-b

Tissue Kinetics of 2,2',4,4',5,5'-Hexa-CB in Rats with

Constant Adipose Tissue Massd.b

Half-1i1fe for Removal

Tissue
a-Phase B-Phase v-Phase

81ood 0.114 8.4 462
Liver 0.161 9.9 442
Lung 0.182 2.3 433
Muscle 12.1 478
8rain 17.3 449
Skin 13.9 431
Adipose 10.9 456

3Saurce: Adapted from Wyss et al., 1986
bHaif-1ives are given in days.

340 111-20
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TABLE III-7

Excretion Kinetics of 2,2',4,4',5,5'-Hexa-CB in Rats with

Constant Adipose Tissue Massd.D

No. of Cumylative
Decay Rate Time Excretion for
Excretion Component Constant Half-1ife Points Infinite Time
days™? days % dose
Fecal I 0.616 1.1 7 2.07
11 0.012 57.3 36 13.5§
111 0.001 478 16 83.45
99.07
Urinary 1 0.112 0.95 5 0.15
11 0.0095 150 30 1.85
2.00
ASource: Adapted from Wyss et al., 1986
Dvalues are means of 4-8 animals/time point.
02340 I11-21 10/29/86



persistence of PCBs tn varlous species. A mixture of 2,2',4,4'.6,6'-,
2,2' ,4,4',5',6!-, 2,2',4,4',5,5'-,  2',3,4,4' 55 _and 3,3',4,4',5,5.
hexa-CBs (1:1:1:1) was administered by gastric gavage to rats, guinea pigs,
rabbits, Japanese quaill and trout, and the concentrations in the fat or
whole carcass were determined after 29 days (Table III-8). These isomers
are all relatively resistant to metabolism but contain 0-4 ortho chlorine
substituents (C1-2; C1-6). The total hexa-CB 1levels in rat, rabbit and
guinea pig fatty tissue were 8.27, 6.84 and 4.74 ppm, respectively: whereas
3.02 and 2.15 ppm of the hexa-CBs were detected in the trout and Japanese
quail carcasses, respectively. The extent of ortho-chloro substitution
markedly affected the levels of the individual hexa-CB isomers retained in
the test animals. In the rat, the di-ortho substituted analog was prefer-
entially retained over the other isomers whereas the coplanar most toxic
tsomer, 3,3',4,4',5,5'-hexa-CB, was present in the Jowest concentration.
The rabbit and guinea pig preferentially retained the hexa-CBs with 0, 1 and
2 ortho-chloro substituents, the Japanese quall retained only the
3,3',4,4',5,5' -hexa-CB isomer, whereas no striking preferences in hexa-C8
jsomer retention was observed in the trout. The marked differences in the
retention of hexa-CB isomers with 0, 1,2,3 and 4 ortho-chloro substitution
by different animal species should be considered 1in chronic toxicity

studies, since the most toxic polychlorinated biphenyls have minima) (1 or

0) ortho-chloro substituents.

The critical or rate limiting event 1in the elimination of PCBs is
metabolism. The major site of metabolism is the hepatic cytochrome P-450

dependent monooxygenase system.  Species varlation In the intrinsic

02340 [11-22 03/02/87
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TABLE 111-8

Hexa-C8 Levels In Rabbit, Rat and Guinea Pig Adipose Tissue,
Trout and Japanese Quall Carcasses 29 Days after Administration of the Isomer Mix (1:1:1:1)*

Hexa-CB lsomers

Tissue Levels (ppm)

Japanese Quaill Trout

Rabbit Fat Rat Fat Guinea Pig Fat Carcass Carcass

(5/group) (4/group) (2/group) {5/group) (3/group)
2,2'.4,4,6,6"- 0.302+0.056 1.253+0.460 0.120+0.020 ND 0.612:0.148
2,2'.,4,4' .5 ,6- 0.357+0.077 2.003+0.84) 0.074:0.004 ND 0.838+0.174
2,2',4,4" 5,5~ 2.043+0.655 3.053+0.855 0.933+0.004 ND 0.559+0.13
2',3,4,4'.5,5"- 2.103-0.508 1.433+0.681 2.108+0.230 ND 0.462+0.001
3,3',4,4',5,5'- 2.030+0.495 0.529+0.222 1.500+0.018 0.215+0.018 0.553+0.009

*Source: Sparling dand Safe, 1980b

ND . Nondelectable



metabolism of PCBs demonstrates that different species have different pasa)
capacity to metabolize these compounds. This difference in metabolic

capacity is reflected ultimately in the elimination half-1ives of the PCBs.

Table I111-9 summarizes data on the in vitro hepat ¢ metabolism and in
vivo metabolic clearance of 2,2',3,3',6,6'-hexa-CB, 4,4'-d1-CB, and
2,2',4,4' 5,5 -hexa-CB in humans, monkeys, dogs and rats (Schnellmann et
al., 1985). Significant species variation was found 1in the microsomal
metabolism of PCBs. For each PCB, the vuai values Ffor metabolism in the
monkey, dog and rat are consistent with the respective metabolic clearance
values generated from in vivo studies. For example, the monkey metabolized
2,2',3,3',6,6'-hexa-CB at a faster rate than 4,4'-d1-CB and did not metabo-
1ize 2,2',4,4',5,5'-hexa-C8. The in vivo metabolic clearance values indi-
cate that 2,2',3,3',6,6'-hexa-CB was eliminated faster than 4,4'-d1-C8,
which in turn was eliminated faster than 2.2‘.‘.i',5.5‘-hexa-CB. The meta-
bolic clearance of 2,2',4,4',5,5'-hexa-CB in the monkey Is <1 me/min and
only 18% of a dose of this tsomer 1s excreted over 90 days (Sipes et al.,
1982a: Lutz et al., 1984). In general, the findings with the rat were simi-
lar to those observed In the monkey. Unlike the rat and monkey, the dog
metabolized 2,2',4,4',5,5'-hexa-CB in vitro. This result is consistent with
the fact that the dog ellminated 50% of a dose of 2,2',4,4',5,5'-hexa-C8 in
8 days, while the monkey and rat were incapable of eliminating 50% of the
administered dose during their remaining lifespan (Lutz et a)., 1977; Kato
et al., 1980; Stpes et al., 19823). 1In summary, the kinetic constants for
PCB metabolism obtained from the dog, monkey and rat hepatic microsomal

preparations were good predictars df 1n vivo metabolism and clearance for

the three PCBs.
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TABLE III-9

Metabolism Parameters of Three PCBs in Humans, Monkeys, Dogs and Rats*

Constant Human Monkey Dog Rat

In Vitro Apparent Km (um)

2,2',3,3',6,6'-hexa-C8 8.8 5.2 0.12 2.9

4,4'-d1-CB 0.43 0.92 1.3 0.36

2,2',4,4',5,5 -hexa-CB ND ND 9.5 ND
In Vitro Vpay (pmoles/nmoles P-450/min)

2,2',3,3',6,6'-hexa-CB 19 14 29 16

4,4'-d1-CB 4.4 4.3 160 6.4

2,2',4,4',5,5'-hexa-C8 ND ND 5.8 ND
In Vivo Metabolic Clearance (me/min)

2,2',3,3',6,6'-hexa-CB NA 15 180 5

4,4 -d1-CB NA 7 470 2

2,2',4,4',5,5 -hexa-CB NA 0.67 16 0.045
In Vivo Metabolic Clearance (mt/min/kg)

2,2',3,3',6,6'-hexa-(CB NA 3 15 20

4,4'-d1-C8 : NA 1.4 39 8

2,2',4,4',5,5'-hexa-CB NA 0.13 1.3 0.18

*Source: Adapted from Schnellmann et al., 1985
ND = Not detected

NA = Not analyzed

32340 111-25 03/02/87



Pharmacokinetic Studies in Humans
In investigations directed at determining which specles most accurately

predicts the metabolism and disposition of PCBs in humans, the in vitro

metabolism of 2,2',3,3',6,6'-hexa-CB, 4,4'-d%-CB, and 2,2',4,4',5,5'-hexa-C8
was also investigated in human liver microsomes (Schnellmann et al., 1983,
1984). Data in Table I111-9 suggest that the human metabolism of PCBs would
most closely resemble that of the rat and monkey, but not the dog. There is
good agreement betwecen the vmax values generated from the human and rat
preparations, whether expressed per nmole P-450 or per mg microsomal protein
(Schnelimann et al., 1985). Since hepatic cytochrome P-450 concentration
are relatively similar in the human and the rat, Schnellmann et al. (1985)
concluded that the rat would be a good model for human PCB disposition

studies.

In vivo data on the relative persistence'of'specif1c PCBs in humans are
also consistent with the above In vitro results on the metabolism of P(Bs.
Jensen and Sundstrom (1974) reported that 2,2',4,4',5,5'-hexa-CB was the PCB
congener found in the highest concentration in human adipose tissue, while
2,2',3,3',6,6'-hexa-CB was not detected. Since both compounds are found in
commercial PCB mixtures and 1in the environment, the presence of
2,2',4,4'.,5,5'-hexa-CB in adipose tissue 1s apparently related to the
resistance of this congener to blotransformation and elimination (Sissons
and Welti, 1971; Albro et al., 1981). Other investigators have measured the
comparative rates of elimination of individual PCBs from the blood of
PCB-poisoned patients tn Talwan (Chen et al., 1982). They found that the
5l00d concentration of 2,2',4,4',5,5'-hexa-CB only decreased 10% over

300-500 days. This suggests that this PCB 1s not readily eliminated and,
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thus, s not metabolized or 1is only minimally metabolized by humans.
Finally, PCB concentrations were measured in the blood and adipose tissue
from workers In a capacitor manufacturing facility (Woliff et al., 1982a).
The PCBs with unsubstituted 3,4-positions on at Teast one of the phenyl
rings were in lower concentration than PCBs with substitutions in the 2,4-

or 3,4-positions on both rings.

Human populations have accumulated PCBs by three major pathways, namely
environmental (oral exposure), accidental (oral exposure) and occupational
(dermal and inhalation); several papers have reported the i1dentification of
PC8s tn human tissues by low or high resolution GC analysis (Wasserman et
al., 1979; Higucht, 1976; Cordle et al., 1978; Holdrinet et al., 1977; Safe,
1982; Pellizzart et al., 1985; Hansen et al., 1975; Hansen, 1979; Stalling
et al., 1979; Safe et al., 1975b; Jensen and Sundstrom, 1974; Yakushi}! et
al., 1979). A major probiem associated uifh Pth in humans has been the
unequivocal identification of the individual congeners. Table [II-1 summa-
rtzes the composition of the major individual PCBs identified in human milk
determined by high resolution capillary GC using all 209 PCB isomers and
congeners as standards (Safe et al., 19853). With few exceptions all other
studies have been conducted with a 1imited number of authentic standards.
Although there are numerous qualitative differences in the PCB composition
of human tissues, 1t s evident that several compounds, Including
2,2',4,4' 5. and 2,3',4,4' S5-penta-CB, 2,2',4,4',5,5'-, 2,2',3',4,4',5- and
2,3,3',4,4' ,5-hexa-C8, 2,2',3,4,4',5,5'-and 2,2',3,3',4,4' ,5-hepta-CB are
routinely identified in all human tissues (liver, adipose tissue, serum and
milk). The PCB composition of serum or adipose tissue from occupationally-

exposed individuals 1s highly dependent on the point source pollutant (that
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's, commercial PCB product). For example the PCB composition of serum or
adipose tissue of workers exposed to the lower chlorinated PC8 product,
Aroclor 1016, is significantly different than observed in Yusho patients and
there 1s bloconcentration of the more persistent lower chlorinated congeners
such as 2,4,4'-tri-C8, 2,4,4' S-tetra-Cs, 2',3,4,4' -tetra-CB and
2,3',4,4" S5-penta-CB (Wolff et al., 1982b), which are present in the commer-
ctal product. The more familiar higher chlorinated PCB congeners that bio-
concentrate from environmental sources are also evident (at relatively lower
concentrations) in the gas chromatograms of occupationally-exposed worker's

tissue extracts.

Chen et al. (1982) investigated the elimination of individual PCBs from
the blood of PCB-poisoned humans In Tailwan. The results 1Indicate that
tetra- and pentachlorobiphenyls with adjacent unsubstituted carpon atoms at
meta-para positions are rapidty eliminated from the blood of patients, while
PCBs with the same degrece of chlorination but with adjacent unsubstituted
carbon atoms at ortho-meta positions are eliminated more slowly. They cal-
culated terminal half-lives of 2,4,5,3',4'-penta-CB and 2,3,4,3',4'-penta-CB
in the blood of exposed humans to be 9.8+5.0 and 6.7:2.5 months (means »

SD), respectively.

Fetal an natal Studi

Several studies (Torok and Weber, 1981; Masuda et al., 1978, 1979;
Orberg, 1977; Curley et al., 1973; Baker et al., 1977; Mizunoya et al.,
1974; McCormack et al., 1979; Allen and Barsotti, 1976; latropoulos et al.,
1978; Bailey et al., 1980; Takag) et al., 1976; Ando, 1978; Vodicinik and
Lech, 1980; Vodicinik, 1986) clearly demonstrate that PCB mixtures and
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individual congeners can cross the placental barrjer and accumulate in
fetuses. At high-dose 1levels of PCBs this can resylt in fetal toxicity.
Another major exposure occurs by lactation in which the highly 1ipophilic
PCBs are readily transferred from the parent to the neonate. Most studies
indicate that this latter route is the most important route of exposure for

the young.

Table III-10 summarizes several studies using laboratory animals, which
describe the transfer of PCBs from mothers to fetuses and suckling neonates.
The results reported in most of these papers are comparable and only a

selected few studies will be discussed in detail.

Vodicinik and Lech (1980) investigated the transfer of 2,2',4,4',5,5'-
hexa-CB in pregnant mice to fetuses and nursing offspring. The compound was
‘administered to the mice 2 weeks before uating.and a group of virgin mice
served as controls. At the day of birth, PCB levels in liver, adipose
tissue and kidney were higher in the sacrificed pregnant mice compared with
the controls. The PCB levels in the fetuses were minimal (that 1is, <$
ug/q liver and <1 ug/g carcass) compared with the mother (~27 ug/g
liver, >1000 wug/g adipose tissue). Five days postpartum there were
dramatic increases in the PCB levels in offspring liver muyscle and skin, and
after 20 days postpartum almost the entire body burden of the nursing mother

was transferred to the offspring (Table I1I-11).
Masuda et al. (1979) administered a reconstituted mixture of seven PCB

congeners (2,4,4'-tr1-C8, 2,3',4,5-tetra-C8, 2,2',4,5,5' -penta-CB,
2,2',4,4',5,5'-hexa-CB, 2,2',3,4,4',5-hexa-C8, 2,2',3,4,5,5',6-hepta-CB and
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AN (1)-10

Distributlon of PCBs to Feluses and Nursing Young

Spec les/darain Sex/Number

Source of PCBs

Vehicle

Bosage/
Route of Admintstration

Distributton to Dams MYk or OFfspring

Reference

Nice/MNR] f/0R
Rice/ddl £710-15/
qroup
Nice/ddd £/1-27
group
Rice/NMR] 72}
£72%
Rat/Sherman F76.V3/
group
Ratnidstar F/5/grouvp

Ratndvstar-SLC  F/12/group

[2+C)2,4*,5" tri-CB
{*+C) Mixlure of PCBs

' o 0‘. us. ‘“l‘-t.;

.3,4,5,5 . 6-hapla-Cb
or 2,2°,3,% ,4,4° 5,5
ocla-CB

4

3

4 ]

2°,8,4°,5.5" -hena-(9;
2,34

? 4

Kanechlor -500

2,8 5 rV-Ch or
2,2',4,4°,5,5 -hexa-C8

Aroclor 1254

Aroclor 1254

Kanechlor -400

sesame o)

dlet

peanut ol)

peanut ol

drinking
water

diet

trace amounts/gavage on
days 13, 15, 17 of

pregnancy

0.32 myg/kg diet
0.42 mg/kg diet
0.44 mg/kqg diet
0.48 my/kg/dtet
0.16 mg/kg dlet
0.23 mg/kg diet

0.0 {conlrol), 0.94, 8.4
or 86 mg/kg dlet from days
0-18 of pregaancy or day 0
of pregaancy to 5 weeks
posiparium

0 or 0.05 mg/days for

days 5-19 of gestation
0 or 0.05 mg/day for

days 1-12 of lactation

0, 10 or 50 mg/kg bw/day,
days 7-15 of gestation

6.4 mg/kg bw datly for
9 weeks

0, 10, 50 or 250 mg/kg
diet during gestation

In dams: fat>mammary gland>)iver>kidney>

ovary-blood.

tetal: day 18 levels>14, mostly in Gl
tract and liver at day 18.

Feta) levels: greater when PCS fed
dur ing rather than before pregnancy.
In a1} cases tésted, exposure of dams
pregesiational elevated fetal tissue

Jevels.

Feluses: whole body levels dose-related;
al 86 mg/kg diet level fela) adipose
tissue PCB >maternal liver PCB concen-
PCO levels of offspring
during lactation >100x previous fetal

trattons.
Tevels.

Dams: Viver hexa-CB>>ir1-CB

fFetuses: adipose hexa -C8>>tri-Ch

Dams: liver hexa-CB>>irt-C8

Offspring: Viver hexa-CB>>tr)1-CP; stomach
contents hexa-CB>>tri-CB

Fetuses: <0.12, 0.63, 1.38 yg/g tissue
Mik: <0.75, 20.63, 66.2 wg/qg milk
21-day-old weanling males: 0.19, 3.35,

18.24 ug/q Viver

Fetal levels: low: -1 ug/g whole body

PCB concentrations In felal) tissue
Rarked Increase at day
PCB concentrations n
28 -day-old oftspring >lissue levels of
Tissue levels of 28-day-old pups
whose dams recelved 50 mg/kg: Viver>
kidney>lung>splcen>heart>brain.

<blood of dams.
14 of gestation.

dams .

Torok and
Meber, 1981

Pasuda el al_,
1919

Masuda el al.,
1978

Orberg, 1911

Curley el al.,
1913

Baker et al.,
191

Mirunoya
et al., 194
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TABLE JIL-10 (comnt.)

Specles/Siraia  Sex/Number Source of PCBs Vehicle Dosage/ Bistribution to Dams MVXKk or Offspring Reference
Raoute of Administration
Rat/Sprague - F/0R Areclor 1254 diet 0, 25 or 50 mg/kg diet Dam: fat>mimmdry>kidney>liver>lung NcCormack
bawley starting day 8 of gesta- Mk postpartum day 0/293 mg/ma /50 et al., 191
tton - day 14 posiparium mg/kg; posiparium day 14/32
vg/m /50 my/kg )
Noakey/rhesus  F/16 Areclor 1248 diet 0, 2.5 or 5.0 mg/kg diet Stillbora male-5.0 mg/kg: lung>pancreas> Allen and
continuously 1.5 years, adrenal>thymus>splicen>musc le>k idney> Barsotti, 19/6
starl 6 monihs prebreeding liver. Nale died at 44 days-2.5 my/kg:
bone marrow-lung>tihymus>adrenal>pancreas>
kidney>spleen.
Ronkey/rhesus  £/3 Clophen A-20 1% methyl 0 or 16 mg/kg bu/day by 8)ood of offspring higher \a PCBs than latropoulos
cellulose gavage 22-29 days blood of dams. PCB levels in midk 10-20 el a)., V9)8,;
In vater times that of serum of dam. Higher P(B Batley et 4.,
levels in tissues of tafaat than dam. 1980
Rat/JCL-CH f Radlolabeled Olive oil oral administrattion 10-56X of dose excreted by dams (skin Takagt
Kanechlor 400 once a week from and placenta major fetal deposition). et a)., 19)6
day 8-18 of pregnamcy Average dam-feta) transfer 28X of dose.
) Average amount of PCBs transferred by
lactation (45 days) - 2% of dose.
Nursing rat levels of PC8s lower than
dosed pregnant or nonpregnani rats.
RatsAdistar § Radlolabeled Olive add V.p. adeindsiration Transfer by placenta and lactatum was Ando, 19)8
2,2 ,4,4° 5,5 -hena-(B . 2.7 and 39.2%, respectively.
Mice/Sprague- F Radleolabeled Corn o)) compound injecied §.p. Iransplacenta) transfer of PCB was Vodicinik and
Bawley 2.,2°,8,4° .55 -hena-CB 2 weeks prior to maling minimal; after 20 days postpartum, Ltech, 1980
lactation transferred most of ihe
mothers dose to suckling pups.
Nice/ICR f Radiolabeled Corn ol 1.p. Injection of 150 Transplacenta) transfer -1% of maternal Vodicintk,
2,2',4,4' -tetra-Ch ay/kqg on day 15 of body burden, 90% of maternal body burden 1986

gestation

ellminated over a 4-day nursing perilod.
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TABLE 111-1)
Transfer of [*4C)Hexa-CB from Mother Mice to Nursing OFfspringd

b C

_ Nothers Offsprin

Day of Sacrifice -
Percentage Percentage of

mg Hexa-CB/ ug Hexa-CB/g Total Dose mg Hexa-CB/ ng Hexa-CB/ Mother's

Total Carcass Litter Eliminatedd Litter Litter Dose Accumulated
Day 19 pregnancy 0.862 5.12 0 : -
Birth - - 2.1 .
Day 5 postpartum 0.372 8.59 56.8 0.545 15.31 3.00¢
Day 10 postpartum 0.167 3.48 80.6 0.810 13.97 94.0
Day 15 postpartum 0.038 0.87 9.6 0.743 11.18 86.2
Day 20 posipartum 0.016 0.37 98.1 0.900 12.50 104.4

aSource: Vodicinik and Lech (1980)

bVlrgln female mlce pretreated with 50 mg/kg [24(C)2,2',4,4',5,5'-hexa-CB (~1.25 my/animal) 2 wceks
before mating. fach value represents the mean of two carcasses.

Ckach value represents the mean from the carcasses of two pooled litters.

dRepresents percentage eliminated from dose remaining n mothers at day 19 of pregnancy.



2.2-.3,3',4,4'.S.S'-octa-CB) In the diet to adult female mice for 18 days
either before or after mating. The results demonstrated that there was
transfer of a1l the PCB congeners to fetuses and offspring and it was
apparent that lactation was the predominant route of exposure for the off-
spring. Not surprisingly, the more readily metabolized 2,4,4'-tri-CB,
2,3',4' ,5-tetra-C8 and 2,2',3,4,5,5',6-hepta-CB were rapidly eliminated from
the dams and their offspring. Higher 1levels of the 2,2',4,5,5" -penta-CB
vere detected in the offspring (aged 5 weeks) and this was not expected
since this compound would also be rapidly metabolized. In contrast the more
highly chlorinated 2,2',4,4',5,5'-hexa-C8, 2,2',3',4,4',5-hexa-CB and
2,2',3,3',4,4',5,5' -octa-CB persist in the tissue of both the dams and their
offspring. The two hexa-CB 1isomers also preferentially bioconcentrate in

human tissues.

Infant monkeys nursed by PCB-exposed dams t:ap!dly developed signs of
PCB-induced intoxication. Female monkeys were fed diets containing 2.5 or
5.0 mg Aroclor 1248/kg starting 6 months before breeding and exposure
continued for 18 months (Allen and Barsott), 1976). One male infant was
stillborn and its PCB tissue levels ranged from 99.5 ug/g in lung > pan-
creas > adrenal > thymus > splicen > muscle > kidney to 2.5 wug/g In liver.
A1 of the surviving Infants developed typical facial skin lesions by 2
months of age. Tissue levels of PCBs in a male iInfant that had dled at 44
days of age ranged from 50.8 wug/g in bone marrow ~lung > thymus > adrena!
> pancreas > kidney to 0.62 ug/g in liver. Three nursing rhesus monkeys
were treated with 16 mg Clophen A-30/kg/bw/day by gavage starting on Jays

46-127 postpartum and continuing for 22-29 days (latropoulos et al., 1978;
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Balley et al., 1980). The youngest infant and her dam became moribund on
exposure day 21. Necropsy of the infant revealed mild hepatocellular
pathology and dilation of renal tubules containing casts. Levels of PCBs in
milk appeared to range from 10-20 times the levels in serum. In general,
serum levels of PCBs in infants were about 2 times the levels in their dams.
Body fat contained the highest levels (1687 ug/g) > bone marrow > lymph
nodes > adrenals > thymus > kidney > spinal cord > liver (80 ug/q). In
a1l tissues except the thymus, infant tissue levels were 1.94-5.47 times the
corresponding levels in the moribund dam sacrificed after 22 days of
exposure. These studies confirm the importance of lactation as the major

source of PCB exposure in neonates.

The 1importance of lactation as a major route for PCB excretion was
demonstrated in a study of a woman occupationally exposed to Kanechlor 300
and 500 in a capacitor factory (Yakushijt et al:, 1978). The PCB levels 1in
the tissues and flulds from the mother and child are summarized in Table
II1-12. Since PCB levels 1n umbilical tissues, umbilical blood and amniotic
flutd were considerably less than measured in mothers blood it was evident
that there were some barriers to transplacental exposure to these toxins.
Other recent studies confirm this observation (Jacobson et al., 1984; Bush
et al., 1984). Since the mother's milk and serum contained unusually high
levels of PCBs, the baby was not nursed on her breast milk. Lactation of
this individual resulted in the excretion of 200 mg of PCBs in 818 t of

breast milk and resulted in an overall 76% decrease in (milk) PCB levels.
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TABLE III-12

Levels of PCBs in the Tissues and Fluids from a Mother and Child

Occupationally Exposed to Kanechlor 300 and 500*

Sample Date Tissue Fluid
(ppm) (ppm)
Placenta July 1975 - 0.056
Umbilicus tissues July 1975 - 0.0M
Umbilicus blood July 1975 - 0.016
Mother's blood July 1975 - 0.057
Amanion fluid July 1975 - 0.010
Omentum adipose tissue July 1975 16.1 12.2
Subcutaneous adipose tissue November 1976 4.1 4.0
(taken from the mother)

Baby's blood November 1975 - 0.003
Badby's blood November 1976 - 0.004
*Source: Yakushijl et al., 1978
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These data clearly illustrate the importance of lactation as the major route
of infant PCB exposure and as a major route of depuration for the highly

exposed mothers.

Metabolism

As discussed previously In this chapter, the major factor that affects
the long-term persistence of individual PCBs in animal tissues is the rate
of metabolism of these compounds. It was initially shown by Block and
Cornish (1959) that the lowest chlorinated biphenyl, 4-CB, was metabolized
to give 4'-chloro-4-biphenylol and 1ts glucuronide as urinary metabolites.
Hutzinger et al. (1972) reported that not only 4-CB but several higher
chlorinated biphenyls were metabolized to give hydroxylated and dthydroxyl-
ated PCB products as determined by MS analysis. These initial results also
suggested the rates of metabolite excretion were species-dependent (for
example, rats > birds > fish) and dependent 0;1 the degree of substrate
chlorination since only trace levels of the higher halogenated biphenyl

metabolites were detected.

The in vivo metabolism of individual PCBs by mammalian, avian and plant
species and by microorganisms has been reviewed (Matthews and Dedrick, 1984;
Schnelimann et al., 1985; Safe, 1980; Sundstrom et al., 1976a). Numerous
studies have focused on delineating the problems associated with PCB metabo-
1ism, and these include structure determination of PCB metabolites, evalu-
ation of the effects of the position and number of chloro substituents on
the sites, and rates of metabolism and determination of the mechanism of PCB

metabolism (that 1s, metabolic pathways).
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Figure I11-2 summarizes the structures of PCB metabolites that have been
tdentified using a diversity of substrates and biosystems (Block and Cor-
nish, 1959; Hutzinger et al., 1972; Sundstrom et al., 1976a,b; Hsu et a)

1975; Gardner et al., 1973; Safe et al., 1975a,b, 1976; Norback et al.,
1976; Spariing et al., 1980; Melancon and Lech, 1976; Ghiasuddin et al.,
1976; Hass et al., 1977; Sipes et al., 1980, 1982a,b; Schnellmann et al.,
1983, 1984, Shimada, 1976; Jensen and Jansson, 1976; Mizutani et al., 1978;
gergman et al., 1979, 1982; Mio et al., 1976; Mizutani, 1978; Baake et al.,
1982; Brandt et al., 1982; Brandt, 1986; Preston et al., 1984; Lund et al.,
1985). Invariably, the phenolic products are the major PCB metabolites
although sulfur-containing metabolites (for example, methylsulfones), trans-
dihydrodiols, polyhydroxylated PCBs, and their methyl ether derivatives and
ring-degraded microbial oxidation products have been identified. The
effects of chlorine substitution patterns on the sites of oxidation have not
been studied systematically; however, examination of the results in the
literature suggest the following:

1. Hydroxylation 1is Ffavored at the para position in the least
chlorinated phenyl ring uniess this site is sterically hindered
(that is, 3,5-dichloro substitution).

2. In the lower chlorinated biphenyls the para position of both
biphenyl rings and carbon atoms that are para to the chloro
substituent are all readily hydroxylated (Sparling et al.,
1980).

3. The avallability of two vicinal unsubstituted carbon atoms
(particularly Cg and C4 in the biphenyl nucleus) also
facilitates oxidative metabolism of the PCB substrate but 1is
not a necessary requirement for metabolism.

4. As the degree of chlorinatlon increases on both phenyl rings
the rate of metabolism decreases.

5. The metabolism of specific PCB isomers by different species can
result in considerable variations in metabolite distribution.
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FIGURE 111-2
Summary of PCB Metabolism
Source: Safe, 1980
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The mechanism of PCB metabolism has been delineated by results obtained
from several studies. For example the metabolism of 2,2',5,5'-tetra-CB by a
variety of blosystems gave two phenols, 2,2',5,5'-tetrachloro-4-biphenylo}
and 2,2',5,5'-tetrachloro-3-biphenylol and trans-3,4-dihydro-3,4-dihydroxy-
2,2'.5,5' -tetrachlorobiphenyl as major metabolites (Hsu et al., 1975;
Gardner et al., 1973; Norback et al., 1976; Ghiasuddin et al., 1976). The
latter trans-dihydrodiol suggested that the metabolism may involve an arene
oxide (Gardner et al., 1973). Arene oxides have been proposed as intermed!-
ates in the metabolism of diverse endogenous and exogenous -chemicals, and
their formatton requires molecular oxygen, reduced nicotinamide-adenine
dinucleotide (NADPH) and the microsomal monooxygenase enzyme system (Jerina
and Daly, 1974). The high reactivity of these intermediates often precludes
their detection since arene oxides characteristically hydrate to give
trans-dihydrodiols and other rearrangement products. However, using

[*H}-2,2',5.5' -tetra-CB and an in vitro microsomal enzyme system, the pro-

posed arene oxide intermediate from 2,2',5,5'-tetra-CB has been fdentified
(Forgae and Allen, 1982).

Arene oxides also spontaneously rearrange to phenols with the con-
comitant 1,2-migration of substituents (e.g., 234, 2H, (1, 8r and CH3)
from the site of hydroxylation to the adjacent carbon atom (the NIH shift).
The metabolism of 4-chloro[4'-2H]biphenyl (Safe et al., 197%a), 4,4'-di-
chlorobiphenyl (Safe et al., 1976; Hass et al., 1977; Sipes et al., 1980)
and 2,2',4,4',5,5' -hexachlorobiphenyl (Sipes et al., 1982a; Schnellmann et
al., 1983; Sundstrom et al., 1976b) all featured the NIH shift of C1 (or
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a§) and the results were consistent with metabolism by arene oxide inter-
mediates. Thus, the detailed metabolic studies of selected PCB isomers and

congeners suggested that arene oxides play a major role in their metabolism.

Metabolically mediated cytotoxicity, mutagenicity and carcinogenicity

have been associated with the in vivo formation of electrophilic species and
‘their s.ubsequent alkylation of critical cellular macromolecules. Arene
oxides are potential electrophiles and thus their formation and subsequent
cellylar reactions can involve the formation of both detoxification products
(for example, metabolites, glutathione conjugates, other phase II conju-
gites), which are excreted, and potentially toxic covalently bound sub-

strate-macromolecular adducts. The in vivo and in vitro formation of

pCB-protein, RNA and DONA adducts have been reported In several studies
(Wyndham and Safe, 1978; Wyndham et ail., 1976; Hesse and Wolff, 1977; Hesse
et al., 1978; Shimada and Sato, 1978; Stadnick} -et al., 1979; Wong et al.,
1979; Morales and Matthews, 1979). The in vivo binding of 2,2' 4,4 ,5,5'-
and 2,2'.3,3'.6,6'-hexa-CB to hepatic protein, RNA and DNA in mice has been
reported (Morales and Matthews, 1979). Moreover, the in vitro metabolism of
numerous PCB isomers and congeners by rabbit, rat, mouse and monkey liver
microsomal enzymes results in the formation of hydroxylated metabolites and
covalently bound PCB-macromolecular adducts (Wyndham and Safe, 1978; Wyndham
et al., 1976; Hesse and Wolff, 1977; Hesse et al., 1978; Shimada and Sato,
1978).

In vitro studies using mammalian cells in culture have confirmed DNA

damage mediated by PCB congeners and their metabolites. Incubation of
2,2',5,5'-tetra-CB, 2,2',5,5'-tetrachloro-4(3)-biphenylols (4&:1 mixture of
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the 4 and 3 phenolic products, respectively) and 3,4-dihydro-3,4-epoxy-
2,2',5,5'-tetrachloro-biphenyl with L-929 cells was conducted. The DNA was
isolated and examined for strand breaks by centrifugation techniques. A1l
the test compounds were capable of inducing single-strand breaks in L-929
cell DNA; however, the arene oxide was clearly the most potent agent
(Stadnicki et al., 1979). Another in vitro assay of DONA damage was reported
usimj 4-chlorobiphenyl as a substrate with Chinese hamster ovary cells (Wong
et al., 1979). Incubation of the cells with 4-[3H]CB resulted in metabo-
1ite formation (that 1s, hydroxylated products), which was accompanied by
binding to protein, RNA and ONA. Moroever, the specific activity of the
substrate-DNA fraction was higher than that observed for binding to protein
or RNA. In parallel experiments, a ONA repair assay confirmed the DNA

damage by a significant increase in the uptake of [?H]dT after incubation

of the cells with 4-CB.

The toxicologic significance of PCB metabolism 1is unknown. However,
most studies suggest that the parent hydrocarbon initiates most of the
common toxic responses by initial binding to the cytosolic receptor protein
(Safe et al., 1982; Safe, 1984; Poland et al., 1979, 1983). The role of

metabolism in the genotoxicity of PCBs has not been delineated.

Because of their 1lipophilic and relatively stable nature, PCBs rapidly
bloaccumulate 1in biota and the tissues of humans. PCBs are effectively
absorbed following oral, dermal and inhalation exposure. In most animal
species that have been 1investigated there is an initial uptake of PCBs into
the Yiver and muscle because of high perfusion in the liver and the rela-

tively large muscle volume. Subsequent redistribution of PCBs into adipose
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tissue and skin reflects the high affinity of the PCBs Ffor 1lipophilic
tissues. At equilibrium the elimination of PCBs from all tissues will be
dependent on the structure-dependent metabolism rates of individual PCB
congeners. For example, biological half-lives in the rat range from 0.15

days for 2,2'-d1-CB to ~460 days for 2,2',4,4',5,5'-hexa-CB.

Metabolism is apparently the primary rate 1imiting event regulating the
elimination of PCBs from mammalian systems. The in vitro metabolism of PCBs
has been investigated in liver microsomes from the human, monkey, dog, and
rat. The data suggest that the human metabolism of PCBs would most closely
resemble that of the rat. Therefore, the rat should be a good model for

predicting the disposition of PCBs in humans.

The position and degree of chlorination subs?annany Iinfluence the rate
and extent of PCB metabolism. As the degree of chlorination increases on
both phenyl rings the rate of metabolism decreases, though there is also a
selectivity with respect to type of substitution for 1somers. The avail-
ability of two vicinal unsubstituted carbon atoms facilitates metabolism of
the PCB substrate but 1is not a necessary requirement for metabolism.
Although phenolic products are the major PCB metabolites, sulfur-containing
metabolites, trans-dihydrodiols, polyhydroxylated PCBs and their methyl
ether derivatives have been identified. The presence of trans-dihydrodiol
metabolites strongly suggests metabolism through an arene oxide intermedi-
dte. Arene oxides have been implicated in cellular necrosis, mutagenicity
and carcinogenicity; however, the role of metabolism in the genotoxicity of

PCBs has not been delineated.
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Studies 1in laboratory animals clearly demonstrate that PCBs can cross
the placental barrier and accumulate in the fetus. Another major route of
exposure occurs by lactation in which the highly 1ipophilic PCBs are readily
transferred from maternal milk to the neonate. The latter route represents

the most important route of PCB exposure for the young.

Preferential structure-dependent bioaccumulation of PCB congeners has
been observed in human liver, adipose tissue, serum and milk.
2,2',4,4',5,5" -hexa-C8, 2,2',3,4,4,5" -hexa-CB, 2,2',3,3',4,4' 5-hepta-CB
and 2,2',3,4,4',5,5'-hepta-CB are major components of both a high molecular
weight commercial PCB mixture (Aroclor 1260) and human milk. On the other
hand, 2,4,4'-tri-CB, 2,4,4' 5-tetra-CB, 2,2',4,4',5-penta-CB, 2,3',4,4',5-
penta-CB and 2,3,3',4,4',5-hexa-CB are \identified as major components of
human milk extract, while representing only minor components of Aroclor
1260. Human studies also clearly indicate the importance of lactation as
the major route of infant PCB exposure, as well as representing a major

route of depuration for highly exposed mothers.
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IV.  HUMAN EXPOSURE

Humans may be exposed to PCBs from a variety of sources including food,
ambient alr, occupational settings and consumer products. This section is
limited to water, food and ambient air because these media are considered to
be sources common to all individuals. Evidence of human exposure to PCBs
from -finished drinking water 1is limited. The bulk of the information
relates to the years 1984-1986.

Hater

United States. The National Organic Monitoring Survey (NOMS) was con-
ducted in 1976 to determine the frequency of occurrence of specific organic
chemicals (including PCBs) in finished water supplies of 113 cities nation-
wide (U.S. EPA, 1977).- Data from three phases (referred to as NOMS I, NOMS
I1 and NOMS III) of the study were co\1ecte& ov;r an 11-month period (March

1976 to lanuary 1977) to reflect any long-term or seasonal variations.

PCBs were not found in groundwater supplies sampled in NOMS I (minimum
quantifiable limit = 0.12 ug/t). Only a single finished groundwater
sample in each of NOMS Il and NOMS III contained detectable levels of PCBs
(~6% frequency of occurrence for ‘both phases). Concentrations of 0.1
ug/y were reported for the NOMS II and NOMS III samples (minimum quanti-

fiable 1imits ranged from 0.1-0.2 ug/y, respectively).
During a groundwater study in the state of New Jersey, Tucker and Burke

(1978) examined 163 wells 1in all nine counties of the state, including

public and private drinking water wells, and wells near fndustrial sites and
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landfills. Thirty-two of the 163 wells contained PCBs with concentrations
ranging from 0.06-1.27 wug/r. (The minimum reportable concentration was
0.06 wg/t.) The highest concentration reported, 1.27 ug/%, was from
a well in Mercer County, NJ. Many of the wells sampled were from highly
populated, industrialized areas. The levels of PCBs detected in drinking

water _from these sources were thus in the very low ug/t range.

PCBs were detected in finished surface water supplies in all three
phases of NOMS. In NOMS I, concentrations of two samples observed were 0.13
and 1.4 yug/t (mean = 0.77 yug/t, frequency of occurrence = 2.2%).
For NOMS II, two samples contained 0.1 ug/t and one sample had a level
of 0.2 ug/t (mean = 0.13 ug/t, frequency of occurrence = 3.3%).
Only a single sample in NOMS III contained PCBs at a level of 0.2 ug/t

(frequency of occurrence = 1.1%).

PCBs were found in the water of a small upstate New York public water
supply system near the heavily polluted section of the Hudson River
(Brinkman et al., 1981). The impounded water contained a uniform level of
Aroclor 1016 congeners (Dority Reservoir, 70-130 ng/t; New Reservoir,
110-120 ng/t; Distribution system, 69-100 ng/L) while the levels 1In rain
water were much higher (1300 ng/t). Low concentrations of Aroclor 1254
congeners (up to 36 ng/a) were detected in the New Reservoir only. The
hMgh levels of PCBs in the Hudson River (360 ng/y) near Port tdwards were
thought to be responsible for high Impounded water levels. Finished tap
water did not show evidence of Aroclor 1254 congeners (<12 ng/t). The
median concentration of Aroclor 1016 congeners was 85 ng/t in finished tap
water. One sample at the chlorination site was 30% higher in Aroclor 1016

congeners than at a household tap.
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The Aroclor 1016 origin was confirmed by identifying at 1least five
specific surrogate congeners by retention time from a possible 19 congeners.
The 19 congeners were: 4-C1-CB/2.2'-C12-CB {also Aroclor 1221);
2.&'-C12-C8 (also  Aroclor  1221);  2,2',5'-CY
2,2',3'-and  3,2',6'-0

3-C8; 2.2',4'-C13-CB;
3-C8; 4.2'.6'-C13-CB; two unidentified C13-CBS;

3.3{.5'-C13—CB; 3,2',4'-C1,-CB; 2.&,4'-C13-CB (also  Aroclor  1221);

3
2,3'.4‘-C13-CB; 2,5.2'.5'-C14-CB (also Aroclor 1254); 2.4.2‘.5'-C14-CB
(also Aroclor 1254); 2.3.2'.5'-C14-CB (also Aroclor 1254);, 2,4,2',4'-
C14-CB (also Aroclor 1254); 2.3.2'.3'-C1‘-CB (also Aroclor 1254); and
two unspecified C1‘-C85 (one of which also arose from Aroclor 1254).
Thus, 10 of the 19 congeners were unambiguously from Aroclor 1016, with 6
being resolved specific congeners. In this study, 60 congeners were
utilized to identify the possible presence of Aroclors 1221, 1016, 1254 and
1260. Each peak chosen provided an independent estimate of the quantity of
the Aroclor using the appropriate response factor for each congener. The
concentration of the Aroclor was calculated as the average of the concentra-
tions by each of the five chosen peaks. Representative samples were con-

firmed by GC/MS. The detection 1imit was 50 pg, equivalent to a 12 ng/t

(12 ppt) concentration in 2 t of water subjected to the analysis technique.

In raw tap water in the Waterford, NY treatment plant, which also has
the Hudson River as 1ts source, mean PCB levels In 1976 were 0.12 wug/t
(range: 0.05-0.24) (Schroeder and Barnes, 1983). The average efficiency of
PCB removal was 80-90% at high and low flows with levels in the treated

drinking water seldom exceeding 100 ng/p.
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PCB measurements {in water samples from vartous rivers at several
different U.S. geographical locations have indicated their detection at low
ppb levels (Interdepartmental Task Fforce, 1972), for example, in the Great
Miami River, OH (5.7 ppb), Pestigo River, WI (0.31-0.38 ppb), Oconto River,
Wl (0.16-0.45 ppb), Milwaukee River (0.02-2.07 ppb), Lake Michigan (0.013
ppb).. South Florida (<0.02 ppb), Escambia River and Bay, FL (<0.1 ppb),
Green Bay, WI (0.04-0.07 ppb).

PCBs in the Hudson River were first detected in 1969, but 1t was not
until 1975 that a problem was deemed to exist (Brown et al., 1985). In
1975, two capacitor-manufacturing faclilities at Fort Edwards and Hudson
Falls were identified as the major sources of PCB pollution. It was esti-
mated that 14 kg PCB/day had been discharged over a 30-year pertod, mostly
as Aroclors 1016 and 1242. The discharges were decreased to 1 g/day by
1977, and the 306 km section of the riverbed fn;n Hudson Falls through New
York Harbor was left as the major site of PCB contamination. Contaminated
sediments removed from the river as part of maintenance dredging were
deposited in several upland disposal sites during 1974-1977. By 1978, the
Hudson River system was estimated to contain the following PCB3 budget:
riverbanks, 63,500 kg; upper river, 134,000 kg; lower river, 91,000 kg.
fish, aquatic macroinvertebrates and river/sediment water have been analyzed
for PCBs since 1977 and zooplankton between 1978 and 1981. Since 1982, only
the upper river has been sampled with emphasis on high flow events such as
the spring melting of snow. Comparison of the relative concentrations of
Aroclors 1016 and 1254 s suggestive of a decline in less chlorinated con-
geners over time as reflected also In biological samples. The geometric

mean in waters collected at Stillwater and Schuylerville from May to
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September each year declined from 0.68 wg/t in 1977 to 0.1} ug/t in
1982. PCB transport declined below river flows of 400 ma/second. Ouring
low flow conditions, most of the PCB penetrates a 0.45 um filter whereas
this is not so at high flow. Also, the less chlorinated congeners are
present in greater proportions in the filtrate than in the nonfilterable
residue. At high flow, the more chlorinated congeners dominate in whole-
water samples. In the late 1970s, waters from the tidal Hudson contained
generally 0.1-0.2 ug/r as dissolved PCBs; 1in 1982, the range was
reported as 0.05-0.10 ug/t. Particle size and organic content appear to

control PCB content in the Hudson River.

Bush et al. (1985a) identified the PCB congeners in Hudson River water
sampled on July 6 and August 15, 1983 at Roger's Island, Thompson's Island
and Stillwater (Table IV-1). The respective tgtal PCB concentrations in
July were 100, 532 and 266 wg/t, respectively; in August, the concentra-
tions were 331, 586 and 243 ng/r, respectively, mostly as Aroclor 1221,
1242, 1254 and 1260. A specific congener analysis is presented in Table
Iv-1 for the three sites. The levels primarily reflected dissolved PCBs
since very little sediment was present in all samples. A surprising feature
of the results was that half of the transport appeared to be caused by only
three low chlorinated PCB congeners (2-, 2,2'- and 2,6-PCB). The levels of
sore chlorinated Aroclors did not vary greatly from site to site, but those

of Aroclors 1221 and 1242 did.

Baker et al. (1985) reported that resuspension events in midsummer in
Western Lake Superior waters resulted in a 50X increase 1in PCB residues in
the period May to October, 1983. The seasonal cycling of PCB congeners at

12 sampling sites was strongly dependent on their degree of chlorination
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Mean Water Concentration (ng/a) of Chlorinated Biphenyl Congeners iIn Hudson River Mater

"TABLE 1IV-3

at Roger's Island (R1), Thompson's 1sland (T1) and Stillwater (ST) n 1983

July August
Congener Aroclor .
R1 11 ST R1 11 ST
? 12214 0.5b 145D 5.5¢ 38 20 2.6
2,2 21/82 2.8b 1470 73¢ ab aub 37
2,6 21/42 3 150¢ 73¢ 50 40
2,3 21/42 0.60 3.6b 1.1¢ NpD 0.5P ND
2.4 21742 1.2b KK 1¢ 0.8b 9.7b 8.9
2,25 21/42 2.0b 14b 4.9¢ 2.) 4.1 ND
2,2' 4 1242 3.1 N 8 2.6 6.4b 5.6
2,2',3'+43,2',6" 1242 0.95b 6.2b 4.3 0.6b 2.1b 2.2
s, 2 ,6' 1242 1.0 3.3 2.3 1.0 6.0 1.9
W 1242 5.1 17 13 1.6b 5.5b 6.7
2, 2 ,4',6° 21/42 ND 10 13 1.8 3.6 2.1
3.2'.5 1242 0.6b 1.1b 2.6¢ 0.4 1.6 1.5
2,4,2°,6' 1242 0.8b 7.5b 6.7 0.5 15 3.8
3,2' .4 1242 2.5b 13b 9.7 1.8 n 2.4
3,2',3,+4,2' .8 1242 3.3 0.) 5.8 5.8 6.7 10
4.2'.3 1242 2.2 5.0 3.2 ).0b 2.6b 3.)
2,5,2',5° 42/54 2.3b 10b 7.0 2.9b 6.3b 7.4
2,4,2',5° 42/54 2.0b 8.1b 6.4 1.5 2.3 2.2
2,3,2',5' 42/54 2.1 1.6 3.3 3.5b 9.5b 11
2.4,2° .8 42/54 .20 7.4b 4.9 0.9 4.5 1.6
C1,C 54/60 2.2 6.8 4.9 2.2 3.9 3.9
c » 54/60 2.6 9.2 6.1 2.1 4.8 5.3
2.3, 2 3° 6 54/60 0.5 1.0 0.8 ND 3.6 0.7
2.5.3 54/60 2.0 3.7 2.6 1.2 5.9 3.5
2.4,3", 4- 54/60 ).2 2.7 1.7¢ 1.5 2.7 1.7
2.5,2'.4',5" 54/60 1.0 1.9 3.1 0.6 3.7 0.1
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TABLE V-] (cont.)

- July August
Congener Aroclor

R1 11 ST Rl 11 ST
2,4,2°,4,5¢ 54/60 1.2 2.9b 5.1b 14 A5 6
2,3,2',4',5" 54/60 1.0 1.0 1.9 1.6 1.6 0.6
2,5,2°,3' .4 54/60 0.4 0.9 1.1 8.0 2.9 1.8
2,4,2',3' .4 1254 1.6 1.5 1.6 2.6 4.4 1.3
2,3,2',3' .4 54/60 2.4 2.5 2.6 0.74 5.5 2.0
2,5,2',3'.,5',6° 54/60 0.6 0.5 1.9 0.3 0.7 0.4
2,3,2'.,3',5',6' 54/60 ND ND 0.2 3.3 6.7 0.0
2,3,4,2',3',6° 54/60 0.2 0.7 0.9 1.3 2.5 0.9
3,4,3' .0 1254 0.8 0.7 0.7 3.5 28 2.0
2,3,6,2',3' 4,6 54/60 0.5 0.6 0.7 1.8 2.3 2.3
2,4,5,2' 4,5 54/60 ND ND ND 0.9 1.2 0.3
2,3,4,2' ,4',5" 54/60 2.8 1.9 0.4 2.3 2.2 1.0
3.4,2'3*,4',6" 54/60 1.6 1.6 0.5 2.8 1.7 0.3
2,3,4,2',3' 4 54/60 1.7 1.4 1.0 1.0 0.8 0.04
2,3,6,2',3' ,4',5',6 54/60 ND ND ND 120 85 50
3,4,2',3',4°,5" 54/60 9.4 9.4 N 0.2 0.2 ND
2,3,4,5,2',3',5,6° 1260 0.03 0.5 0.3 0.2 0.4 0.1
Total PCB 100 532 266 331 586 243

aSource: Bush et al., 198%a

bprobabiitty that sites identical <0.005

ND <0.01 ng/t



with the heavier chlorinated congeners lost from the water column {range
10.33-0.77 ng PCBs/t) with a half-time of 17-28 days at two sites. Total
PCB concentrations (range 0.57-1.1 ng PCB/L) 1in the benthic nepheloid
layer were maintained over the summer by transport of lighter chlorinated
congeners from the underlying sediments. Though atmospheric and riverine
inputs - tc the Great Lakes have decreased in recent years (water concentra-
tion ranges were 0.5-2.0 ng/f in 1978; 3.2-3.4 in 1979; 0.4-2.1 in 1980),
the seasonal processes of lake mixing and sediment resuspension do increase
PCB and other residues. The soluble PCBs in this study were sorbed by XAD-2
resin and analyzed by capillary GC with ¢3N{ electron capture detection
after Soxhlet extraction, sulfuric acid treatment, and Florisil chroma-
tography (recoveries of Aroclor 1254 and 1242 were 85%). In the 1983
samples, Aroclor 1242 made up ~70% of the sediment residues and 90% in the
dissolved phase. Resuspended particies were est‘lpated to contain concentra-
tions between 100 and 300 ng/g, and were enriched in Aroclor 1254 relative
to Aroclor 1242 in general. The lighter chlorinated PCB congeners migrated

from the pore waters of surficial sediments to the overlying benthic nephe-

loid layer at an approximate rate of 27 ng/m3/day during stratification.

Capel et al. (1985) have reported also on the concentrations of PCB
congeners in a Lake Erte sediment at a depth of 8-20 cm. The congener

levels were in ng/g: C1 2.18; 1 13.13; Q1 32.06; C1 33.2;

r 3 4 5°
Cls. 26.69; CL,. 14.33; CIB, 1.68. The sum was 123.2 ng total PCB/g.
This was compatible with a composition of 24, 42 and 34X Aroclors 1242, 1254
and 1260 at a r2 of 0.91, as calculated using least squares multiple
regression. The same technique applied to Lake Superior water samples taken
in 1979 showed an Aroclor 1242 composition of between 37 and 56X for concen-

trations between 0.5 and 8.5 ng/t using a 50 peak analysis. In Lake
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Superior sediments taken in 1982, a similar analysis showed an Aroclor 1242
composition which varied between 15 and 21% (the rest being Aroclor 1254) at
Aroclor 1242 levels between 1.5 and 1.9 ng/g sediment.

In a laboratory experiment (Vitkus et al., 13985), 208 mg of applied
Aroclor 1254 in wastewater 1Influent was diluted to a blochemical oxygen
demand (BOD) of 200 ppm so that the Aroclor 1254 concentration was 1 ppm.
After treatment with a lab-scale, fixed bilomass for up to 17 weeks, 54% of
the PCB was recovered in effluent plus biomass. At 1 ppb levels, all of the
Aroclor was recovered in the effluent plus biomass. Volatilization (30-39%
of that applied) also accounted for substantial loss of the Aroclor at the 1
ppm level. The chemical oxygen demand (CO0) and BOD removal even at 1 ppm
Aroclor 1254 remained between 80 and 100X after week 3. There was no
toxicity to the biomass even at exposure levels of up to 100 ppm for 2 days.
The U.S. EPA has estimated that industrial and publically-owned waste
treatment facility effluents are responsible for an annual discharge of
110.08x10* kg of PCBs into U.S. waters, and this has resulted in PCB
levels of 100-3000 ng/t in waters and 2.0-160 wug/kg in sediment. The
sedimentation process 1in wastewater treatment plants primarily removes
settleable particles that contain high 1levels of adsorbed PCBs (Garcla-
Gutierrez et al., 1982; McIntyre et al., 1981).

PCBs (Aroclor 1260) have been detected in rainfall, street particulates,
run-off and basin soils (4711 samples) of the Fresno Metropolitan Flood
Control DOistrict, California, which relies on aquifer recharge basins for

stormwater retention (Salo et al., 1986).
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Table IV-2 summarizes the PCB content of bulk deposition (rain, snow,
fog, dew and €loud water) as contained in a review by Mazurek and Simoneit
(1985). Villeneuve and Cattini (1986) have also detected Aroclor and
specific PCB congeners 1in rain (both particylate bound and dissolved)
sampled in the western Mediterranean. ODry deposition of Aroclor 1254 (18.2
ng In 12 days), and 2,2'.4,5'-C1‘-CB {(78.6 ng In 12 days) was also
detected. PCBs have been found in precipitation from all over the world in
urban and rural areas. Long-range aerial transport of PCBs has thus been
demonstrated. The more chlorinated Aroclors tended to be associated with
particulates but the Tless chlorinated congeners predominated 1in the
dissolved aqueous phase. Orinking water fed from ratnwater may therefore

contain PCBs.

Voudrias et al. (1986) detected hydroxych}orir]ated biphenyls as a result
of chlorination or chloroamination of phenol adsorbed on granular activated
carbon. Since hydroxychlorinated PCBs are 1in vive metabolites of PCBs,
analysis of these hydroxychlorinated biphenyls quantitates both chlorination
effects and any partial metabolism of PCBs. High levels of trichloro-
hydroxybiphenyls were also present after chlorination of phenol adsorbed on

granular activated carbon.

Villeneuve and Cattini (1986) have also detected Aroclor and specific
PCB congeners in rain (both particulate bound and dissolved) sampled in the
western Mediterranean. Ory deposition of Aroclor 1254 (18.2 ng in 12 days),
and 2.2‘.4.5'~C14-PC8 (78.6 ng in 12 days) was also detected.
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Table IV-2.

PCBs in Rain and Snow Around the World

Concen- Sample Collection
P8 tration Type Sample Period Location
Total 0.1 g/mz Bulk deposit; Bulk collector - Event bastis: Suburban
-day-107 unfiltered glass sheet coated 2/n La Jolla,
: with mineral otl CA, USA
n.d. 130 ppt Bulk deposit; Unknown Variable weekly Chesapeake
) unfiltered monthly periods:  MD, USA
| 7/78-11/74 -
50-230 ppt®  Snow: Unknown Event basis: Remote,
unfiltered 1974-1976 urban Lake
Superior, USA
97.5-229 ppt Snow: Unknown Event basis: Remote. urban
unfiltered 1974-1976 Lake Michigan
USA
21 ng/1b Ratng Bulk collector - Event basiss Rural Great
unfiltered stainless steel 5/76 - 11/76 Lakes, Canada
w/glass reservoir -
29 ng/1b Snow: ‘Bulk collector - Event basis; Rural Great
unfiltered eluminum sheet w/ winter 1975-76 Lakes, Canada
manual packing into
containers :
21-28 ng/1d  Rain: Bulk collector - Event basis: Rural Great
unfiltered stainless stee! 5/76-11/76 Lakes, Canada
funne! w/glass 5/71-11/17
reservoir
29 ng/1b Snows Manual collection Accumulated Rural Great
unfiltered bulk sample snowpack: fall Lakes, Canada
thru winter,
1975-76
14-138 ng/1® Rain, snows (1) Bulk collector Event basis: Rural, urban
aqueous, par- - galvanized steel 1975-1978 Lakes Huron &
ticulate: funne! with Superior, USA
wet only particulate filter
and adsorbant cart-
ridge ; in situ
extraction ¥ (2)
Auto. wet-only
collector (HASL)
9-158 g/knz Bulk deposit; Bulk collector - Monthly samples Rural, urban
yrb unfiltered metal cylinder 1975-1978 Lakes Muron &

02350
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Table V-2 (zont.)

Concen- Sample Collection )

P8 tration Type Sample Period ‘Location
Unknown Rain Unknown Unknown Unknown
10-100 ng/1  Rain; Unknown 5§/75-12/75 Rural Ontario

unfiltered Canada
1-61 ng/1 Rain; aqueous; Auto. wet-only col- Event basis: Urban, rural
wet only lector - Teflon 5/81-8/81 Ontario,
coated stainless Canada -
steel funnel with
adsorbant cart-
ridges in situ
extraction
0.3-4.1 ppt Rain; snow: Bulk collector - Event basis; Rural, urban
particulate aluminum 50-1 1973-1976 Norway:
can network
<1.0-6,7 ppt Rain; snow; Bulk collector - * Event basis: Rural, urban
aqueous aluminum 50-1 1973-1976 Norway:
can ‘ network
620-10,510 Bulk deposit; Bulk collector - 2-3 month per- Rural south-
ng/m—month® unfiltered nylon net impreg- iod: 1970-7 ern Sweden
nated w/silicone
otl
1400 ng/mz Snows Unknown 1972 Urban, subur-
=month unfiltered ban Uppsala,
en
5 qlgx1014 Snow; Bulk collection - Accumulated Remote Halley
unfiltered manual trimming of 5-10 yr snow- Bay,
ice blocks with pack: sampled Antarctica
melting into glass 1969
contatners
160-1000 pg/1 Snowpacks Manual collection Accumulated Remote
unfiltered with polyethylene snowpack 1980 Japanese,
containers era; collected Antarctica
5/81
220 pg/1 Snowpack; Manuval collection Accumulated Remote
unfiltered with polyethylene snowpack 1960 Japanese
containers era; collected Antarctica
5/81
02350 Iv-12 11/13/86



Table IV-2 (cont.)

Concen- - Sample Collection
K8 tration Type Sample Period Location
ktal Unknown Raing Unknown Event basis Urban Lake
unfiltered lurich,
: ‘ Switzerland
178-6010 ng/ Rains Bulk collector - 3-mo.'period: East coast
me-100 days aqueous aluminum funnel w/ 6/75 - 5/76 United King-
adsorbent cart- dom; network
ridge; in situ
extraction
oclor 1300 ng/1 Bulk deposit; Automatic ' Weekly collec- Urban Fort
1016 unfiltered Wong Sampler tion or 30-day Edward, NY
’ composite sample USA
octor  39-57 ng/ Raing Bulk collector - Event basis; Rural, urban
i 10.¢ aqueous galvanized steel 718-v/17 Lake Michigan
funnel w/particulate USA

filter & adsorbent
cartridges in situ

extraction
16=31/ng/ Ratng Bulk collector - Event basis: Rural, urban -
1b,c particulate  galvanized steel. - 7/75-1/77 Lake Michigan

funnel w/particulate USA
filter & adsorbant -
cartridge; in situ

extraction
41 ng/ Snow; Bulk collector - Event basis; Rural, urban
1/bc aqueous galvanized steel 7/78=1/77 Lake Michigan
funnel w/particulate USA

filter & adsorbant
cartridge; in situ

extraction
33 ng/ Snow; Bulk collector - Event basis: Rural, urban
1b.c particulate galvanized steel 7/75=1/77 Lake Michigan
funnel w/particulate USA

filter & adsorbant
cartridge: in situ

extraction
<0.6 ng/1®>  Rain; Bulk collector - Event basis;: Remote
unfiltered Stainless steel 4/79-8/79 Enewetak
funnel with glass Atoll,
reservoir Pac. Ocean
roclor  <3-24 ng/kg Raing Bulk collector - Event basis Coastal
1% rain unfiltered stainless steel spring/fall SC, USA
bow]l 1977-1979 '
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Concen-
tration

Sample
Type

Table IV-2 (cont.)

Sample

Collection
Period-

Location

Aroclor
1254

Aroclor
1260

35-49 ng/
1b.c

30-46 ng/
1b.c

28 ng/1bec
76 ng/1b.c
<1-27 ng/kg

rain

<1-27 ng/kg
rain

14-26 ng/
1b.c

8523 m/

02350

Raing
aqueous

Raing
particulate

Snows
aqueous

Snow:
particulate

Bulk deposit;
unfiltered

Bulk deposit:
ulfiltered

Raing
aqueocus

Raing

particulate

Bulk collector -
galvanized steel
funnel w/particulate
filter & adsorbent
cartridge: in-situ
extraction

Bulk collector -
galvanized steel
funnel w/particulate
filter & adsorbent
cartridge: in-situ
extraction

Bulk collector -
galvanized steel
funne! w/particulate
filter & adsorbent
cartridge; in-situ
extraction

Bulk collector -
galvanized steel

funnel w/particulate -

filter & adsorbent
cartridge: in-sity
extraction

Bulk collector -
stainless steel
funnel w/glass
bottle reservoir

Bulk collector -
stainless steel
funnel w/glass
bottle reservoir

Bulk collector -
galvanized steel
funnel w/particulate
f1lter & adsorbant
cartridges in situ
extraction

Bulk collector -
galvanized steel
funnel w/particulate
filter & adsorbant
cartridge; in-situ
extraction

Iv-14

Event basis
1/75=1/77

Event basis:
1/75-1/717

Event basis:
1/75=1/717

Event basis:
1/78 - /717

Variable 1-3
week periods:
1/976-1978

Continuous col-
lection: spring

1976 to
spring 1978

Event basis;
7/15 - V/77

Event basis
7/15-1/77

Rural, urban
Lake Michigan
USA

Rural, urban
Lake Michigan
USA

Rural, urban
Lake Michigan
usAa

Rural, urban
Lake Michigan
USA

Semi-rural
coastal SC
USA

Coastal
suburban SC
USA

Rural, urban
Lake Michigan
USA

Rural, urban
Lake Michigan
USA
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Concen-

Semple

Table IV-2 (cont.)

Collection s

pCB tration Type. Sasple Period Location

Aroclor 11 ng/10+€  Snow: Bulk collector - Event basis Rural, urban

1260 aqueous galvanized steel 1715117 Lake Michigan
funnel w/particulate
filter & adsorbent
cartridge: in-situ
extraction

24 ng/1b<€  Snows Bulk collector - Event basis: Rural, urban
particulate galvanized steel 17715 Y1 Lake Michigan

funne! w/particulate . USA
filter & adsorbent
cartridge; in-situ
extraction

Poly- Unknown Rain Unknown Unknown Unknown

chlorin-

ated

terphenyl

(PCT)

aSqurce: Mazurek and Simoneit, 1985

an concentration
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Other Countries. PCBs at concentrations of 10-100 ng/t have been

detected in tap water from Kyoto, Japan (Panel on Hazardous Trace Sub-

stances, 1972) and 0.33 ng/t in a Swedish tap water sample (Ahling and
Jensen, 1970).

PCB levels in River Nile water in Egypt were decreased (Aly and Badawy,
1986) by coagulation with Nalco (0.5 mg/t)/aluminum sulfate (50 mg/t) to
the extent of 19-41X for Aroclors 1221, 1232, 1242, 1248, 1254 and 1260. If
ferric chloride was used instead of aluminum sulfate, the removal percentage
was 27-34% for these Aroclors. Aluminum sulfate did not remove Aroclor 1248
efficiently (19% removal). The chlorine content of Aroclor 1221 only was
increased by conventional chlorination methodology; the chlorine contents of
the other Aroclors were not affected by chlorination. Levels of Aroclors In
the canal water and wastewaters, near the River Nile, have also been

reported (Badawy and Aly, 1986).

The PCB pollution of waters of the National Park of Donona in Spain
(Baluja et al., 1985) and of the River Po and Adige in Italy (Galass! and

Provini, 1981) have been reported.

The levels of PCBs in water have probably been underestimated since less
chlorinated PCBs will preferentially solubilize so that the PCB congener
composition in water can be greatly different from that of Aroclor stan-

dards. Specific congener analysis s essential as discussed in Chapter II.

Food
Dietary PCB intake has been reported for adults, as well as infants and

toddlers, in the Food and Drug Administration's (FOA) Market Basket Studies
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for fiscal year 1979 (FDA, 1982a,b). The relative daily intakes of PCBs are
presented for FY74 through FYI3 In Table IV-3. There s no apparent trend
in intake levels over the years for which information was obtained. Total
dietary intake of PCBs for adults in FY?9 was 0.0133 ug/kg/day (FDA,
1982a). [This includes an estimated 0.0053 ug/kg/day from dairy products,

0.0075 ug/kg/day Ffrom meat, fish and poultry, and 0.0005 ug/kg/day from
oils and fats.]

No PCBs were detected for infant and toddler dietary studies by FDA in
FY79 (FDA, 1982b). Total dietary intakes of PCBs for infants and toddlers
in FY78 (as reported in FDA, 1982b) were 11.3 and 98.5 ng/kg/day, respec-
tively. Information on the individual food groups, which included the total
intake values, was not obtained. The FOA calculations assume that the aver-
age infant weighs 8.2 kg (6-msonth-01d) and the average toddler (2-year-old)
weighs 13.7 kg. No comparisons of intakes of PCBs by geographic region were
presented in the FOA Market Basket Studies.

Biloaccumulation of PCBs in fish and other aquatic life is a major route

of exposure to humans.

PCB Res} 1 ife of tes and Canada. The PCB
pollution in the Hudson River in the United States has been discussed (Brown
et al., 1985). The monitoring of PCB levels in fish in 19 show_ed that a
PCB contamination problem existed (the levels were well above the then FDA
temporary tolerance level of 5.0 ppm). Since 1977, not only fish but net-
spinning caddis fly larvae (Trichoptera:Hydropsvchidae) have been monitored
from June through September. Zooplankton (e.g., Gammarus, Neomysis,
Leptodera and Crangon) have also been monitored. Levels are higher in the
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TABLE IV-3

Estimated Dietary Intake of PCBs for Adults, Infants and Toddlersd

(ug/kg/day)
Adult Infant Toddler

FY79 0.0133 ND ND
FY78 0.0269 0.0113 0.0985
FY71 0.0164 0.0253 0.030)
FYT76 ™ T n0
FYT5 T T T
FY74 0.0056 .. -

asource: FDA, 1982a,b

DIn the FOA report that 1ists the intakes (FOA, 1980a,b), values for the
adult tn FY7S and FY]6 were reported as 0.0000 ug/kg/day. These values
indicate that only trace amounts of PCBs were detected in the market basket

studies.
ND = Not detected
T = Trace

-- = Data not obtained
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upper river than those in the lower river and have been steadily declining

ever since remedial actions have been completed in 1977. Mean total PCB

concentrations in fillets from largemouth bass (Micropterus salmoides)
collected near Stillwater declined from 145.3 ug/g in 1977 to IO.Z ug/9

in 1981; at Catskill in the estuary, the residues decreased from 29.5 ug/9g
in 1977 to <1.0 ug/g in 1981. PCB concentrations in median striped bass
(Morone saxatilis) declined from 9.9 ug/g n 1978 to 2.6 wg/q in 1982.
During the same period, the Fish showing levels below the FDA temporary
tolerance level increased from 11-75%. In 1983, only 10% of the Fish were
below the current FDA 1imit of 2.0 ppm.

A strong correlation between PCB and 1ipid concentrations was observed
for all Hudson River resident species but not for anadromous (river-spawn-
ing) species. Ffor example, mean lipid-based PCB concentrattons n yearling
pumpkinseed (Lepomis gibbosus) declined from 1079 ug/g in 1979 to 36
ug/g 'n 1982. Similarly, mean 11ptd based PCB concentrations in brown
bullhead (Ictalurus nebuylosus), goldfish (Carassius auratus), and largemouth
bass (Micropterus salmoides) declined from 2.51, 6.76 and 6.01 mg/g to
0.428, 0.310 and 1.000 mg/g, respectively. Between 1978 and 1981, a
progressive decline in PCB levels also generally occurred in zooplankton,
especially in Gamsmirus spp. In samples of resident and anadromous fish, the
pattern of decline in total PCB concentration 1s dominated by the decrease
In Aroclor 1016. For example, in Gammarus spp, the mean was 1.5 ppm in 1979
and 0.76 ppm in 1980. During 1977-1982 n the summer, the water PCB concen-
trations correlated well with the PCB concentrations in yearling pmkinseed'
collected in the fall at Stillwater. Though less correlated, the PCB levels
in other fish species and in macroinvertebrates are still correlated in the

Jpper Hudson River.
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More recent work has implicated PCB contaminated fungi 1lke Fusarium

oxysporum as a- route of exposure (mostly in the gut) responsible for high

pCB levels In Gammarus tigrinus in the Hudson River (Pinkney et al., 1985).
After a period of 144 hours, S57% of the accumulated 24C-Aroclor 1254 was
eliminated in 1n vitro experiments. Gammarus is a major component of the

diet of striped bass (Morone saxatilis) and Atlantic tomcod (Microgadus

tomcod), and also eats microzooplankton, algae and detritus. After exposure

to 7 ng *eC-Aroclor 1254/g for 24 hours, the apparent distribution coeffi-
cients at 24 and 48 hours were 1.3x10° and 1.14x102, respectively.

Maximum accumulation occurred between 9 and 24 hours.

The presence of 74 specific PCB congeners was detected (Bush et al.,
1985a,b) in caddisfly larvae from three sites in the Hudson River, Roger's
Island, Thompson's Island and Stillwater (Table IV-4). The data reveal that
selective uptake of different congeners by .the. various specles occurred.

Hydropsyche leonard! appears the most representative spectes for PCB

exposure (Table IV-5) since the bioaccumulation factors appeared to be
constant at each distinct site. However, the factors were different at
different sites. PCBs in striped bass (Morone saxatilis) have been reported
by White et al. (1985). PCB levels in standard fillets (ug/g net weight)
were assessed using peak-to-peak susmation of representative congeners:
40.0-44.9 cm length, 1.1-5.8 ppm (13 fish); 45.0-49.9 ca length, 1.3-21.3
ppm (18 fish); 50-56 cm, 1.2-40.3 ppm (19 fish). It ts possible that the
bloaccumulation of PCB congeners depends on bioaccumulation along the food

pathway as well as at the PCB-in-water/fish level.

Lake trout ranging in age from 6-12 years from Cayuga Lake in Central

New York were examined in 1978 (Wszolek et al., 1979). The levels of PCBs
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in the flesh of the 12 year-old fish were ~13 ppm relative to wet weignt,
about the same levels as in aged trout taken from the same lake in 1970.
The PCB resembled Aroclor 1254 but contained & higher proportion of more
highly chlorinated ‘isomers (higher Cls- and lower Cl‘-PCBs). The P(CB

accumulation in the flesh but not in the liver increased with fish age (3

fish/age): 6 years, 4.1-4.8 ppm; 7 years, 5.2-6.1 ppm; 8 years, 7.4-8.8
ppm; 9 yeadrs, 7.5-11.7 ppm; 10 years, 9.3-11.6 ppm; 12 years, 12.8-13.5 ppm
(2 fish).

Fish are not the only edible animal known to accumulate PCBs from the
Hudson River drainage area. PCBs have been measured in the subcutaneous fat
and breast muscle of 55 waterfowl collected in New York State along the
Hudson River and near Long Island during 1981 and 1982 (Kim et al., 1985).
Waterfowl have relatively large amounts of fat, so it is possible that the
FDA tolerance level for domestic poultry (3.0 ug/g) might be exceeded.
Fifty-five waterfowl were examined for maximum PCB residues 1in terms of

ug/g wet weight: 11 Canada geese (Branta canadensis) 0.63-15 (subcuta-

neous fat), 0.05-0.33 (breast muscle), and 0.08 (1 liver); 13 mailards (Anas

platyrhynchos) 0.34-14 (subcutaneous fat), 0.07-1.1 (breast muscle), and

0.23 (1 liver); 18 black ducks (Anas rubripes) 0.59-20 (subcutaneous fat),
0.05-0.69 {breast muscle), and 0.16-0.29 (2 1liver); 1 green-winged teal

(Anas carolinensis) 0.81 (subcutaneous fat) and 0.27 (breast muscle); 1

hooded merganser (Lophodytes cacullatus) 124 (subcutaneous fat) and 6.3
(breast muscle); 1 shoveler {Anas clypeata) 8.8 (subcutaneous fat), 0.30

{breast muscle), and 0.21 {liver); 5 canvasback {(Aythya valisineria) 0.98-13

{subcutaneous fat) and 0.11-0.66 (breast muscle); and 4 woodduck (Alx
spousa) 0.64-9.0 (subcutaneous fat) and 0.08-0.12 (breast muscle). Levels

in general were lower than in 1379 and 1980 samples.’ Sex and age were not
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factors. This confirms widespread PCB contamination in the birds' migration

region and 1t. points out the possibility of humans ingesting PCBs while

consuming game birds.

PCBs in 10 mussels (Mytilus edulis), each from 10 sites in Long Island

Sound, CO, have also been reported (Greig and Sennefelder, 1985). The mean
maximum PCB levels ranged from 0.043-0.115 ppm as wet weight. These are

below the S ppm 1imit set by FOA for PCBs in fish and shellfish.

The maximum PCB residues in 547 finfish from the Chesapeake Bay and its
tributaries during 1976-1980 have also been reported (Eisenberg and Topping,
1985). The concentrations in flesh were as follows (in ppm): in 1976, not
detected to 0.98 (145); in 1977, 0.030-0.51 (40); in 1978, 0.06-4.64 (51);
in 1979, 0.01-1.60 (98); and in 1980, 0.003-1.45 (24). There was clear
evidence of accumulation in fish roe and perhaps in the gonads of specific

fish species.

Snapping turtles (Chelydra serpentina) from the contaminated Hackensack

Meadowlands of New Jersey and an “uncontaminated®" area in Maryland have been
analyzed for evidence of PCB residues (Albers et al., 1986). At the con-
taminated zite, mean maximum PCB levels in visceral fat were (in terms of
ppm 1ipid) 291+305 (8 males), 34+16 (3 females), and 23+11 (8 males from
freshwater). In the “uncontaminated site,* the concentrations were 41:37 (7

males) and 36+81 (6 females).

Table V-6 summarizes PCB residue data for freshwater fish tissues
(Schmitt et al., 1985). Residues in freshwater fish (obtained by GC/MS)

appear to be declining steadily from the data of 107 stations operated by
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PCB Residues in Freshwater Fish in the United Statesd.D

TABLE Iv-6

Geometr ic Mean of PCB

Concentration
PCB Type Sample Site/Years
Wet Weight Lipid Weight
(ppm) {ppm)

Aroclor 1248 107 U.S. stations 76/77 0.14 0.6
{freshwater) 18/19 0.14 0.8
80/81 o.n 0.8
Aroclor 1254 107 U.S. stations 76/77 Q.48 4.3
{freshwater) 78/179 0.46 5.0
80/81 0.24 2.1
Aroclor 1260 107 U.S. stations 76/71 0.37 3.4
{freshwater) 18/719 0.37 3.6
80/81 0.25 2.6
Total PCBs 107 U.S. stations 76/77 0.88 8.3
{freshwater) 18/79 (.85 9.6
80/81 0.53 5.4

dgource: Schmitt et al., 1985

DRetween 1976 and 1981, 935 samples were taken representing 62 taxa; in

1980 and 1981, 315 samples were taken representing 48 taxa.
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the U.S. Fish and Wildlife Service on key rivers of the United States: in
the years 1976-1981 continuous data have been obtained for 97 of these
stations. PCBs have Dbeen reported at 94% of the stations since 1976.
Although levels for Aroclors 1254 and 1260 decreased in 1980 and 1981,
residues for Aroclor 1248 remained the same. In 1980 and 1981, the highest
PCB concentrations (>2 ug/g net weight) were 1in the Northeast (Hudson,
Merrimack, Connecticut and Delaware Rivers); Lakes Michigan, Huron, Erie and
Ontario; Lake City, Minnesota; the Ohio River System and in the Cape Ffear
River, North Carolina. Aroclor 1260 was the most widespread Aroclor, unlike
itn 1978 and 1979 when Aroclor 1254 was more widespread. However, this could
be caused by the change from packed column GC technology to capillary-GC in
1980 and 1981. The Aroclor 1248 levels indicated etther recent inputs of
this Aroclor or the degradation of more persistent Aroclors. Total PCB
levels proved to be mare reljable than the 1eve)s of specific Aroclors in

intercollaboratory studites.

Composite fish samples were collected during a separate monitoring
program in 1980 and 1981 from Great Lakes harbors and tributary mouths and
analyzed for PCBs by GC and GC/MS methods (Devault, 1985). The Sheboygan
River in Wisconsin was still severely contaminated (63-98 mg total PCB/kg
wet weight as compared with 10-750 mg/kg in 1978), mostly as Aroclors 1248
and 1254. Moderate PCB pollution {<5 ppm wet weight) was also found in the
Ashtabula River (OH), the Milwaukee River (WI), the Kinnickkinntc River, and
the Fox River above and below DePere (stil) about the same level, 2-21 mg
total PCB/kg wet weight, as measured in 1978). Low levels of PCBs
(0.40-0.66 mg total PCB/kg net weight) were found in Chequamegon Bay in Lake
Superior. PCB levels have also been reported in fish (<0.30 mg total PCd/kg

wet weight) from the San Joaquin Valley in California in 1981 (Saikt and
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Sehmitt, 1986), from the Atchafalaya River basin in Louisiana in 1981
(winger and Andreasen, 1985) and From Lake Verret, Plaquemire-Bryle and fast

Franklin in Louisiana in 1978 and 1979 (Dowd et al., 1985).

Few PCB levels In salt water fish have been reported for U.S. waters.
Uptake of “C-2,2‘.4,S,S‘-C15-CB by adapted Juvenile Atlantic salmon
(Salmo salar) is ~3-fold more efficient from freshwater than from seawater

(Tulp et al., 1979). The generality of this finding still remains to be

proven.

Countries Outside of the United States and Canada. PCBs were first

detected in 1967 in fish and wildlife in Great Britain and the Netherlands.
PC8s have been found in fish caught in and near Finland in 1982 (Vuorinen et
al., 1985), and Norway during 1972-1982 (Skare et al., 1985). Game animals
in Spain in 1982-1983 (Hernandez et al., 1985), in West Germany (Brunn et
al., 1985) and in Sweden (Villeneuve et ai., 1985) have been shown to
contain high PCB levels. Birds and animals eating earthworms contaminated

with PCBs will accumulate PCBs (Diercxsens, et al., 1985).

Alr

Information on the potential inhalation exposure to PCBs s sparse.
Even though PCBs exhibit low vapor pressures they have been detected in
ambient aijr, in indoor air and 1in occupational environments. Samples of
ambient air collected using an ethylene-glycol impinger sampler in suburban
locations in Florida, Mississippt and Colorado in 1975 contained PCBs at all

locations (Kutz and Strassman, 1975).
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PCBs were detected in effluents from combustion of codal/refuse at Ames,
IA at levels of 2.0-10.0 ng/m® (Harkov, 1986). Murphy et al. (1985) have
also detected PCBs in incinerator emissions after burning municipal refuse
(40+45 (n=5), and 360 ng/m?] ana sewage sludge [2000 ng/m® (n=2); and
430 ng/m¥ (n=2)], mostly as Aroclors 1248 and 1254. The PCB content in
sanitary landfill gases ranged from 37-390 ng/m* (7 samples). Bidleman et
al. (1986) separated ambient airborne PCBs into particulate and vapor
phases.  The ievels were 1.5, 0.45, 9.3 and 0.067 ng total PCB/m® at
Columbia, SC; Denver, CO; New Bedford, MA (landfi11); and Stockholm, Sweden,
respectively. The PCB was identified as Aroclor 1254. The fraction of
particulate/vapor components depended on the ambient temperature. In the
highly contaminated Hudson River basin, Purple Loosestrife (Lythrum
salicaria) absorbed PCBs from ambient air containing a PCB concentration of
147 ng/m3 (Bush et al., 1986). Wwhen the ambient‘ah' level was low, a3 con-
taminated plant emitted the most volatile PCB congeners (e.g., 2-chloro- and
2,2'-dichloro-biphenyl). Specific PCB congeners also were absorbed from
PCB-contaminated soll by the plants, and this was the major source of plant
PCB. Levels between 1.6 and 15 ng/m® of 31 specific congeners were found
‘n ambient air. Cash crops such as broad bean, bean, tomato and cucumber
can accumulate PCBs from PCB-contaminated soils, and probably also from

airborne PCB (Bacci and Gaggi, 1985).

The potential presence of PCBs in indoor air appears to be greater than
outdoor air (Benoit et al., 1984; Oatman and Roy, 1986). Air, whether in
commercial, industrial or residential buildings, can contain levels of PCBs
at least 1 order of magnitude higher than outdoor levels. The average level
of PCBs (as Aroclor 1242 plus 1254) found outside of an industrial research

building was <0.02 ug/m?, while the level inside was 5 times higher,
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0.10 wug/m3. Inside laboratories the level was 10 times higher than
ambient, averaging 0.21 ,g/m3. Comparing outside to inside air of homes
on the same day, the 1levels were 0.004 ug/m3 and 0.31 ug/m?, respec-
tively. In a room containing a burned-out light balilast, PCB levels in air
were 50 times higher than normal (11.6 vs. 0.2 ug/m?) for that room and
remained elevated for several months afterward. Airborne PCB levels in nine
homes ranged from 39-580 ng/m® with the higher levels occurring in
kitchens with pre-1972 fluorescent lighting. Another source of PCB emis-
sions such as video display terminals (VOT) has been reported (Benoit et
al., 1984; Digermes and Astrup, 1982) in the foreign 1iterature. Levels
ranging from 46-81 ng/m® were found in offices containing VDTs, whereas
the outside air levels were 0.5-1 ng/m*. In three buildings with PCB
transformers in Minnesota (Oatman and Roy, 1986) the air levels of Aroclor
1242 and 1254 ranged from 192-881 ng/m?. Sqrface levels ranged from
0.05-1.47 4g/100 cm2. Four buildings without PCB transformers contained
atr levels ranging from 78-384 ng/m?, and surface levels of 0.05-1.00
ug/100 cm2, In another building where improper Incineration conditions
for Askarel had been used, PCB air levels in 31 buildings ranged from

0.14-3.2 ug/m? (53 samples) with surface levels ranging from <0.01-4

mg/m2 {(Thompson et al., 1986).

Since most people spend 16-17 hours/day in buildings (Chapin, 1974), the
potential exposure contribution from PCBs 1in 1ndoor air becomes important
relative to outdoors. Because there are few data on PCB levels 1in indoor
air, the total exposure and fractional contribution from indoor air to

exposure for humans remains difficult to assess.
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Large exposures in the occupational environment have occurred (NIQSH,
1977, 1986). Air levels of Aroclor 1242 have ranged as high as 2.2 mg/m?
(Quw et al., 1976). NIOSH has documented many occupational exposures to
PCBs in its NIOSHTIC data base during PCB production, handling, foundry work
(decachlorobiphenyl 1s used as an investment casting wax), railroad building
and maintenance, capacitor and transformer manufacturing and maintenance,

and handling of older types of carbonless copy paper (3.4% PCB content).

In 1976, a NIOSH evaluation of the Monsanto manufacturing facility
revealed PCB levels (Aroclors 1016, 1242 and 1254) in the breathing zone
ranging from 20-86 ug/m*. At two capacitor manufacturing facilities in
1977 breathing z2one levels ranged from 24-1260 ug/m2. Plasma levels of
PCBs in workers in a U.S. capacitor manufacturing facility in 1976 ranged
from 0.03-850 ng/my plasma (Wolff et al., 1982a). Personnel in a Massa-
chusetts machine shop company (Christiani et al-., 1986) showed PCB serum
levels of 2.0-20 ppb (office males), 3.0-97 ppb (production males) and
1.0-8.0 ppb (office females) in year 1. In year 2, the levels were 4.8-13.0
ppb (office males), 3.1-65 ppb (production males), and 2.0-15.0 ppb (office
females). The PCB levels exposing Itallan electrical workers between 1943
and 1965 varied between 48 and 275 ug/m*, with blood PCB levels between
41 and 1319 ug/kg of blood. These levels were correlated with adverse
effects in the liver and chloracne (Maroni et al., 1981a,b). Similar
effects were also observed in three cohorts of Jlapanese workers (Takamatsu

et al., 1985).

Another source of large exposure to PCBs is during and after PCB fires

(e.g., Stockholm, 1978, 1981; Binghamton, New York, 1981; Surahanmar,
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Sweden, 1982; Imatra, Finland, 1982; Hallstahammar, Sweden, 1982: in a

Swedish locomotive, 1982; Skovda, Sweden, 1982 and Kisa, Sweden, 1983).

Other Exposures

In addition to the occupational exposures and the large exposures
characteristic of PCB fires and point-source environmental pollution, the
Yusho and Yu-Cheng incidents in Japan (1968) and Taiwan (1979), respec-
tively, have also caused large PCB exposures by ingestion of contaminated
rice oil (Hsu et al., 1985; Yoshimura and Hayabuchiy, 1985; Chen et al.,
1985; Miyata et al., 1985; Kashimoto et al., 1985; Hara, 1985). In Japan,
the rice oil samples contained 151-968 ppm Kanechlor 400/500; Yu Cheng oil
contained between 22 and 113 ppm (Miyata et al., 1985). The congener
contents are known along with the PCQ and PCOF levels. The health effects
are dealt with in Chapter VI.

PCB residues as Aroclor 1260 in Louisiana showed PCBs in 1980 from 8
donaors to range between 0.59 and 2.33 ppm 1ipid, and in 1984 from 10 donors
to range between 0.65 and 1.96 ppm 1lipid (Holt et al., 1986). These were
among the highest concentrations and occurrences reported by previous U.S.
EPA Mational Human Monitoring Programs. Residues in the breast tissue of
females tended to be high. Two hexachlorobiphenyl congeners were determined
on autopsy in tissues from seven people who had resided on the Texas Gulf
Coast (Ansari et al., 1986). The levels for 2.2',4,“.5.5'-(216-(28 in the
anterior abdominal wall ranged from 98-276 ppb adipose tissue, <5-251 ppb in
the axillary fossae, and 109-231 ppb 1in the omentum; the Tlevels for
2,2',3,4,4'.5 C16-CB in the anterior wall ranged from 211-1625 ppb,
<5-1166 in the axillae, and 221-1161 ppb in the omentum. Since fat contents

ranged between 7.5 and 20% among the different tissues examined, only fat
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from the anterior abdominal wall wds analyzed in 109 cadavers. The levels
increased with. age: 0-4 years., 22+12 and 67+13 ppb (n=3) of
2'2|,4,4',5,5'—C]6-PC8 and 2.2'.3.4,4',5'-C16-PC8. respectively; 4.9
years, 30+10 and 77+25 (n=2); 10-19 years, 212+131 and 19+19 (n=3); 20-29
years, 82:17 and 146:29 (nx=15); 30-39 years, 163+61 and 253:61 (n=12); 40-49
years, 136+41 and 340+110 (n=15); 50-59 years, 154+24 and 586+130 (n=16);
60-69 years, 153:28 and 296+56 (na24); 70-79 years, 128+17 and 296+73
(n=14); and B80-89 years, 198+97 and 641:372 (n=5). There were no gender
differences in the 60-69 year age group. Safe has found the burden of PCBs
in human fat to range between 500 and 1500 ppb (Safe, 1984). Kimbrough
(1985) in a review has asserted that mean blood PCB levels in the U.S.
population are =5-7 ng/m. with adipose tissue and human milk levels being
100-200 times higher with PCBs tending to accumulate with Increasing age and
increasing fat content of tissues. Wolff et al. (1986) has reported that
the PCB pattern in serum for people exposed ;hrough the food chain s
different from that characteristic of "directly exposed persons,®” which
tends to resemble Aroclor 1260, using specific congener markers. Similar
PCB residue data in fat and serum samples have been reported from Israel
(Pines et al., 1986), Denmark (Unger et al., 1984); Italy (Focardi et al.,

1986) and in Japan (Ando et al., 1986).

Human milk samples in the United States can contain high levels of P(Bs
(Bush et al., 1985b; Safe, 1986). In the highly contaminated Hudson River
area (Bush et al., 1986), whole milk total PCB from 40 samples based on
specific congener analysis was 26.5#2.5 ng/g (standard error) with the
corresponding maternal biood levels being 3.5:0.1 ng/g (standard error).
The major congeners in 74 samples of milk were 2,2',4,4',5,5'-hexa-CB (12%);
2,2',3,3',5,6-hexa-CB (9.4%); 2,2',3',4,4',5-hexa-(B (7.8%); and 2,3',4',5-
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tetra-CB8 (6.6%). The corresponding percentages in maternal blood were 8.8,
g8.07 and not detected, respectively. While the mtlk/blood ratto for
specific congeners was between 3.5 and 10 for most congeners, the ratio for
2,2,,3',4,4",5-nexa-CB was >1500, and 2,3,3',4,4',5-hexa-CB, 20. Inhalation
exposure in the Lake Ontario and the Hudson River areas may also contribute
to maternal exposure (2.8+0.5 ng PCB/m*> (nsb) at Qswego, NY). Safe et al.
(1985a) quantitated 80 specific congeners of Aroclor 1260 in a human milk
sample and found the 2,4,4'-tri-C8; 2,4,4' S-tetra-CB; 2,2',4,4' ,5-penta-CB;
2,3'.4,4' ,5-penta-CB; 2,2',3,4,4' 5 -hexa-CB; 2,2',4,4",5,5" -hexa-(C8;
2,2',3,3',4,4" 5" -nepta-C8; and 2,2',3,4,4',5,5'-hepta-C8 congeners predomi-

nated, unlike in the original formulation.

Similar results (noncorrespondence of abundant congeners in human milk
compared with the exposing PCB) have been found in recent studies from
Yugoslavia (Krauthacker et al., 1986), Israel (Weisenberg et al., 1985} and

Japan (Yakushj! et al., 1978; Ando et al., 1985).

Estimated United States Exposure

Table IV-7 presents estimates of the total amount of PCBs potentially
recelved by an adult U.S. male from ambient air, food and drinking water.
Seven separate exposure levels for drinking water and three levels for air
and food (representing a probable range of exposure levels based on the data
presented in the Exposure Estimation section) are shown in the table. The
actual contribution of air exposure is not precisely known. Indoor air
levels may play an Iimportant role in exposure with preliminary findings
indicating levels of up to 0.580 ug/m* in normal settings such as
residential homes. Occupational sources and PCB Ffires may also contribute

10 the total exposure. The data presented represent possible exposures
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TABLE V)

fstimated Intake of PCBs trom Lhe U.S. Environment by Adult Males

lotal Intake in ug/kg/ddy (X from drinking water)

e e ek

food: 0.005 o eoV e 0.0
Drinking Maler
{p9/8) AVr 0.002 0.02 0.20 0.002 0.02 0.20 0.002 0.02
0 0.007* (0) 0.025 ({0) 0.205 (0) 0.0612 (0) 0.03 (0) 0.2} {0) 0.032 (0) 0.05 (0)
0.05 0.008 (17) 0.026 (5) 0.206 (0.1) 0.00) {10) 0.03) (5) 0.2)) {0.)) 0.033 (4) 0.05) (3)
0.10 0.010 (29) 0.028 {10) 0.208 ()) 0.015 {19) 0.033 (9) 0.213 (1) 0.035 (8) 0.053 (5)
0.20 0.013 (45) 0.03) (19) 0.211 {2I) 0.0)8 (32) 0.036 (16) 0.216 (3) 0.038 {15) 0.05%6 {10)
0.5% 0.018 (78) 0.039 (36) 0.219 (b6) 0.026 (54) 0.044 (232) 0.224 (&) 0.046 {36) 0.064 (22}
1.00 0.036 (61) 0.054 (54) 0.234 (12) 0.040 (69) 0.059 (43) 0.239 (12) 0.06) (47) 0.079 (31)
1.40 0.047 (8Y) 0.065 (62) 0.245 (1b) 0.052 (1) 0.070 (57) 0.250 (16) 0.002 (56) 0.090 (44)
Intake Assumplions: Mater . AVr ___tood
0.05 ug/a : 0.0014 ,g9/kg/day 0.002 uﬁ/kq/ddy 0.005 ugs/kq/day
0.1 : 0.0029 6.02 0.0}
0.2 : 0.0052 0.2 0.03
0.5 : 0.0)4
1.0 : 0.029
1.4 . 0.04

“Sum of air,

food and water intake

0.23 (0)
0.2 (1)
0.233 (1)
0.236 (2)
0.244 (6)
0.259 (1))

0.21 (19)



based on the occurrence data and the estimated intakes. The values pre-
sented in Table IV-7 for air and food levels of PCBs, as well as the values
for drinking water levels, represent a range from the values found in the
PCB monitoring data (see Orinking Water, Alr and Food Sections). The intake
from ambient air may be 0.05 ug/kg/day assuming 0.20 ug PCB/m® and
time-activities of 16 hours indoors. Assuming the intermediate food intake
of 0.01 ug/kg/day and the intake of 0.02 ug/kg/day from air to be repre-
sentative, drinking water would be the predominant source of PCB exposure in
the adult male when drinking water levels exceed 1.0 ug/t. An accurate
assessment of the number of individuals for which drinking water s the pre-
dominant source of exposure cannot be determined from the current data but
1t is likely that persons in the Hudson River Valley, the Great Lakes Region
(except for Lake Superior), the Ohio Vailey, the upper Mississippi, and the
Cape Fear River in North Carolina have a higher potential for PCB exposures

than others.

The relative source contribution data are based on estimated intake and
do not account for a possible differential absorption rate for PCBs by route
of exposure. Eschenroeder et al. (1986) have estimated the possible expo-
sures and the resultant health risk after PCB spills. Since PCBs tend to
penetrate down only into the first 2 cm of soll, plants and vegetables with
shallow root systems will be predisposed to PCB contamination. As prefer-
ential volatilization of the less chlorinated congeners also occurs, the

more chlorinated congeners will bloaccumulate.

Summary
The major exposure routes to humans are through food and drinking water,

and by inhalation. Dermal exposure s also important 1n occupational expo-
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cures, for swimmers in polluted waters and in cleaning up PCB spills or in
hazardous waste sites containing PCBs. In all cases, total PCB levels must
be based on specific congener analysis or direct perchlorination rather than
in terms of Aroclors because the congener patterns in environmental media
and biological tissues usually do not match those in Aroclor fluids unless
massive contamination has occurred (typical of spills and some occupational

situations). Thus, predictive models based on specific congener data must

also be utilized.

The less chlorinated congeners predominate in air samples from known
contaminated areas and in water and wet deposition samples with temperature
and the amount of sediment in river and water samples being important co-
variables. In contrast, the more highly chlorinated isomers with substitu-
ents at the 2,4,5- or 2',4',5'-positions tend to .bioaccuuulate in some crop
vegetables, game animals, fish and in human tissue samples. PCBs in contam-
inated soils can be absorbed by plants and vegetables with shallow-root
systems to PCB contamination, although volatilizatton in this situation is
also favored; erosion of such soils will also cause contamination of
sediments. The more chlorinated congeners dominate in solls and sediments
and the resident biota (cash crops, vegetables, fish, aquatic 1ife). The
absolute levels in any situation depend on which of the competing processes

dominates as estimated in Table IV-7.
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V. HEALTH EFFECTS IN ANIMALS

Commercial PCB mixtures vary in PCB isomer and congener composition, and
impurities. In general, PCB mixtures produce low to moderate acute toxicity
in mammalian species, but produce pronounced subacute and chronic toxicity.
In contrast, invertebrates exhibit greater acute toxicity to PCBs (LCSOS
<1 mg/t) (NAS, 1979). In addition, as reported for other halogenated
aromatic hydrocarbons, PCBs exhibit significant interspecies variability in
toxicity. In considering the health effects of PCBs 1in animals, it 1is
important to consider the isomer and congener composition of the PCBs,
potential impurities, the length of exposure and the species under

jnvestigation.

Acute Toxicity

Représentative toxicity data following a single exposure to PCBs are
summarized in Table V-1. Single oral dose LDSOs of commercial PCB
mixtures in rats ranged from 1.01-11.3 g/kg bw (see Table v-1). The data do
not establish a consistent relationship between commercial PCB formulations
and reported LDSOS. Some of the variability in reported LDSOS for
specific OCB mixtures has been related to differences in the observation
period, strain and solute concentrations. There appears to be no significant
sex differences in the acute toxicity for the PCB mixtures studied; however,
Aroclor 1254 was found to be slightly more toxic to immature than mature

rats (Linder et al, 1974; 6Grant and Phillips 1974).
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LABLE V-1

Acute loxicity of PLHs
(single exposure)

U M et e e e e 2 e e o e . . e e s D e e o e e

Specles/

Strain Sex/No. Source of PLB Roule LDy Comments Reterence
Guinea plg/ NR 3,4,5-sym. orat 1.39 mol/kq bw Single dose ncConnel) and
Hart ley hexa-(h {U.5 mg/kg) Half of the animals died within 30 McKinney, 1918

days (LDq5)
Guinea plg/ NK/8 NR; ~42% Ci oral NR lwo bY mg doses / days aparl Mi)er, 1944
N Rortality 11-29 days; centriicbular
Yiver necrosls and Fatty nfdltration
Rat/Mtstar n/e2 Aroc lor 1254 oral 1.3 g/kg bw Single doses Grant and Phillips,
{30 days old) Immiature seemed more susceptible 1904
/782 1.4 g/7kq bw than older rals; sex d1d nol seem lo
(30 days old) to be a factor; majority died within
naz .4 g/kg bw 3 days
{60 days old)
1742 V.4 g/kg bw
{60 days old)
n/82 2.0 g/kg bw
{120 days old)
/782 2.5 g/kg bw
(120 days old)
Rat/Sherman F/750-80 Aroclor 1254 V.v. 358 mg/kg bw Adull; singie dose; death in 5-110 Linder et al., 1904
min; dyspnea, depression, salivation,
dtarrhea
HR/50-80 Aroclor 1254 oral 4-10 g/kg bw  ° Adulls, single dose
Aroc lor 1260 oral
N/50-80 Aroclor 1254 oral 1.295 g/kg bw Weanlings, single dose: dlarrhesa,
depression, salivatton, death )-3 days
N/50-80 Aroclor 1260 oral V.315% g/kg bw Weanlings: dlarrhea, depression,
salivation, death V-7 days
Rat/Sprague- N/NR Aroclor 1242 gavage 4.25 g/kg bw 14-day LDy Bruckner et al.,
Uawley 1973; Kimbsough
el al., 1978
Rat/Mistar N/NR Kanechlor 400 oral 1.30 ma/kg bw Kimbrough et al.,
}/NR Kanech lor -400 oral 1.4 ma/kg bw 1918
n/NR Kanechior -300 oral V.15 g/kg bw
F/NR Kanechlor -300 oral 1.05 g/kg bw
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Specles/
Stratn

Rat/NR

Rat/Sherman

Rat/0sborne -
Hendel

Rabbit/NR

Rabbits
Nice/CFl
Mice/Ct]

Nice/dd

Nice/Ov)

Mice/DV]

Bice/CH]

Sex/No.

Source of PCB

NR

f/NR

n/uk
n/ng
n/uk

N/NR
F/nR
f/7uR

1221
1232
1242
1248

Aroclor
Araclor
Aroclor
Aroclor
Araclor 1260
Araclor 1262
Araclor 1268

Aroclor 122}
Aroclor 1262

1254
1254
1254

Aroclor
Aroclor
Aroclor

Aroclor 122}
Arocior 1232
Aroclor 1242
Aroclor 1248
Aroclor 1260
Aroclor 1262
Aroclor 1268

MR
Kanechlor 400
Kanechlor 400

2'.4' dV-CB

tri-co8

2.4,3 4" -
tetra-CB

2,3,4,3 8-
penta-C8

i.p.

TABLE V-) (cont.)

31.98 g/kq bw
4.4) g/kq bw
8.65 g/kyg bw
Il g/kq bw

10 g/kg bw

11.3 g/kg bw
10.9 g/kg bw

4.0 9g/kg bw
11.3 g/kg bw

V.01 g/kg b

1.53 g/kg bw

1.99 g/kq bw
2.000-3.169 g/kg bw
1.26-2.0 g/kg bw
0.794-1.269 g/kg bw
0.794-1.269 g/kg bw
1.26-2.0 g/kg bw
1.26-3.16 g/kg bw
2.5 9/kg bw

8-1) g/kg bw

1.875 mt/kg bw

1.57 ma/kg bw

1.86 g/kqg bw

3.06-4.25 g/kg bw
2.15 g/kg bw

0.65 g/kg bw

Yox)chty apparently decreasing wilh
incredasing chlorine substitution

Single observalion period
5 multiple doses 2 times/week
S multiple doses ) (ime/week

Data reviewed suggesl Increased
toxicity Yo mice with grealer
chlorine substitution

Reterence

Fishbein, 1974,
Nelson et al., 19])2

Nelson el al)., 1972

Garthoff et al.,
1981

Nelson et al., 1972

Peakall, 19/5
Kimbrough et al.,
19718

Kimbrough et al.,
1918
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Specles/
Strain

Mice/CBA
Mice/ALAS
Mice/BALB/C)
Mice/CSE

Peromysens
mamiculatus*

Bink/Pastel

Sex/No.

Source of PCB

NR
NR
NR
NR
NR

NR/8)

Aroclor 1254
Aroclor 1254
Aroclor 1254
Aroclor 1254

Aroclor 1254

Aroclor 1221,
1242, 1254

t.p.
V.p.

gavage

JABLE V-) (cont.)

LDgg

Comment s

Reference

880 my/kg bw

1200 mqg/kg bw
1080 »,. kg bw
1000 mg/kg bw

910 my/kg bw

500 4000 mg/kg bw

5-day observation period
5-day observaltion perlad
5-day observalion period
5 -day observation period

$-day observallon periad

Single doses

Lewin et al., 192

Aulerich and
Ringer, 1977

*field mouse

NR - Mot reported



LDg, values from dermal application of commercial PCB mixtures tn
rabbits ranged from 0.794-3.169 g/kg (see Table V-1). There was no associa-
tion of degree of toxicity with chlorine content. In addition, the data
suggest that PCBs are readily absorbed following dermal exposure, although
no comparative data are available on toxicity in rabbits following oral
exposure. Several reviews (Peakall, 1972; Nelson et al., 1972; Fishbein,
1974; Kimbrough, 1974; NIOSH, 1977; Kimbrough et al., 1978; McConnell,
1980a) report both LD50 data and a further discussion of the ac .te toxic

effects of PCBs.

As mentioned previously, the toxicity of PCB mixtures can vary because
of a number of factors, 1Including the content of specific congeners and
isomers. Kimbrough et al. (1978) reported increased toxicity in mice
exposed to PCB congeners containing greater chlorine substitution. The
structural requirements for blological activity ('AHH induction) and toxicity
of this class of compounds has been recently reviewed (Poland and Knutson,
1982). One of the structure requirements for AHH induction, and apparently
toxicity, s an unsubstituted carbon atom in the ortho position. These PCB
congeners produce biologic and toxic activities related to that produced by
chlorinated dibenzodioxins and dibenzofurans. 3,3',4,4'-tetra-CB and
3,3',4,4',5,5' -nexa-CB (Biocca et al., 1976; McKinney, 1976) and
3,3',4,4' ,S_penta-CB (Safe, 1984) are highly toxic. The 3,3',4,4'-tetra-CB

is found in commercial PCB mixtures (Albro and Parker, 1979).

Subchronic Toxicity

Multiple exposure studies are summarized Dy spectes and route of
exposure in Tables V-2 to V-5. As with acute toxicity, attention must be

given to the type of PCB, species, and the route of exposure employed in
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Strain

Sprayue -
Dawley
Sprague -
Dawley

Ho lt zmén

fischer

Sprague -
Dawley

Wistar

Wistar

Long-tvans

Hooded

Sprague
Dawley

Sprague -
Dawiey

Sex/Nu.

k/56

n/ie

725

na2

n/i2-18

/740

n-F7184

n/125,
F/72%

n/ur

K76

fF/28,
n/24

Meighl/Age

200-300 ¢

250-300 ¢

sexually
mature

weanlings

200-250 ¢/
1 weeks

1 year

30, 60 or
120 days

S weeks

180-200 g
200-250 ¢

TABLE V-2

Acule, Short -term and Subchronic Toxicity of Orally Administered PCBs to Rals

Source of PCBs/Vehicle

Aroclor 1254/d%et

Aroclor 1254/corn ot}

Aroclor 1254/peanut

Aroclor 1254/4\e!

Avoclor 1254/mineral

oVl

Aroclor 1254/cora oil

Aroclor 1254/corn ot}

2.5,2',5 -tetra-CW/
corn ofl

Aroclor 1254/d\et

*H-labe led
2.5,2*,5 -tetra-cn/
corn ol)

Phenoc lor DP6/diet

Dose/Duration

0-900 ppm
for 10 days

50 mg/kg bw
for 1 days

0 64 mg/kg day
for ] days

0, 11, V19, 357, 429,
100, V400 ppm for
14 days

0, 0.05, 0.25, 0.5
g/kq bw dally for
21 days

0, 12.5, 25.0, S0,
100, 400, 800 my/kg
buw datly for 1 days

0, 5, 10, 20 my/kg
bw/day for ] days
0, 6.5, 1.0, 1.5,
2.0 g/kg bw, single
dose

250 ppm for 14 days

0, V.7 g/kg buw,
single dose

0, 100 ppm for 8 days

Animal Eftects

>300 ppm: welght loss. Decreased
placental protetn, glycogen; parttal
anorexla.

Increased acid phosphatase in testt-
cular interstitial cells.

64 mg/kg/day: increased )lver weight.

Oepressed ratle of gain, food intake;
Incredsed liver weight.

>0.05 g/kg bw/day: decreased rate of
gain to frank welight loss; depressed
feed \ntake; depressed watler Intake;
depressed body temperature.

>400 mg/kg: morlality; >100 m9/kg:
Increased Viver Fal percent (p<0.05).
Al) doses: Increased liver welght
{p<0.05).

Al) doses: Increased Yiver weighls,
Increased andline hydroxylase aciivity.

>1.0 g/kg: heavy mortality; thymic
hemorrhage; atrophy; liver and kidney
enlargement; splenlic and Vymph node
regression.

Increased thyrold activity.

Intracellular vacuolizatton; vesicula-
tion, Fragmentailon of RIR, enlarged,
varifled cytoplasm; altered mVlochon-
dria) conformation; AlPase Inhibitlan.

Decreased phenobarbital sleeping lime,

Increased Viver welght and protein con-
tent; males more greatly atfecled than

females.

References

Spencer, 1982

Dikshith et al.,
1915

Sager, 1983}

Carter and
Rercer, 1983

Komives, 1979,
Komives and
Alayoku, 1980

Grant and
Phidlips, 1904

Grant and
Phillips, 1904

Allen et al .,
19)%

Bastomsky, 1974
Lin el al., 1909

Marbonne, 19/9
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Sirain

Sprague -
Dawley

tVscher

o

Long-Evans

Mistar

Osborne -
Nende)

Gunn

Osborne-
Mende)

Sex/No.

N 1/48

n/50

(XY
yr oup

N2

n.f/38

N6/
gr oup

w12/
group

N/NR

Welght/Age

adult and
35 days

34 days

130 ¢

8 weeks

300 -400 ¢

8 weeks

Source of P(Bs/Vehicle

Phenoc lor 0Pb/diel

Aroclor 12%4/dVet

4 mono-CB/
cottonseed ol

Aroclor 1248/dVetl

2,5,2*,5 -tetra-Co

Aroclor 1254/d\et

Aroclor 1254/diet

Aroclor 1254/d%et

Aroclor 1254/dVet

TABILE V.2 {cont.

Dose/Dui ation

13 ppm adult

24 ppm yuung
tor B days

0, 20 ppm tor 1, 2,
4, 8, or 14 days

10 mg/kg bw/day on
days 8, 11, 13, 15,
18 ot pregnancy

0 or 100 ppm for
4 weeks

1000 ppm for 14 or
30 days

0, 5, 50, 500 ppm
tor 4 weeks

500 ppm for 42 days

0, 50, 500 ppa for
4 or 12 weeks

Animdl L[ftects

liver welyht elevatled equally in boih
sexes; elevated Viver protein and fal
more noticeable in adults.

Hepalomegaly by day 4.

I levated tntestinal monoamine oxidase,
serum sorbitol dehydrogenase and
alkaline phosphatase.

Hepatomegaly (4.46% of bw), obvious
Increase In SER.

Hepatomegaly (3.38% of bw), less
obvious Increase in SER.

At 214 days, 30-72% reduction In rate
of gain; at 30 days, 29% reduction in
food Intake; no change in liver welght.
Altered cholestlerol, fatly acid syn-
thesis.

>5 ppm: enlarged thyrold, reduced
follicle size, folllcular lumen
reduced, papillary projeciions and
cytoplasmic projeclions, diluted RER.

Thyrodd follicular cells more columnar,
diluted RER, vacuolated milochondria.

>S50 ppm, by 4 weeks: enldrged

thyrold, follicular cells more
columnar, vacuoled cyloplasm, paplillary
projections, cyloplasmic processes.
Dilated RER, Golg) apparatus more prom-
tnent, larger number of enlarged lyso-
somes. Reduced serum thyroxin; after
35 -week recovery perlod Lhyrolds re
semhle those of controls, serum thy-
roxtn normal.

References

Narbonne, 1919

Carter, 1983

Wolden et al.,
1982

Allen et al.,
1915

Kling el a}.,
1918

Callins and
Capen, 19800

Collins and
Capen, 19804

Callins et al.,
1911
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Source of PCBs/Vehicle

Aroclor 1254 or 1260/

Strain Sex/No.  Welght/Aye
Spr ague - n/40 100-130 ¢ Kanechlor 500/diet
Dawley
Holtman N/6-16/7 250 ¢ Aroclor 1254/dVet
groups
Sprague- N/ weanlings
Dawley group diel
Mistar/ N0/ 100 ¢ Clophen A -50/0live
Neuherberg group oil
NR n/io 6 months *PCBs-1221%/ethy)

alcahal

TABLE V-2 (cont.)

Duse/Buratton

100 ppm for & weeks

0, 5, 50 or 500 ppm
for 2, 3 or 5 weeks

0 or 20 ppm for
28 days

0, 2, 10, 50, 150 or
250 mg/kg bw, twice
weekly for 6 weeks

250 mg/t in drink-
ng water for 10
weeks

Animal tHtects References

Mo effect on food Intake, waler inlake, OtshY el al) .,
urinary volume. Slighlly enlarged 1978

brain, spleen and llver. Hemalologic

values unchanged. Serum protein,

choleslero), cholinesterase elevated;

serum Lriglyceride reduced

500 ppm: weight loss. Garthoff et al.,
>5 ppm: hepalomegaly. 1N
500 ppm: s)ighily increased s\ze of

kidney, tesles; decreased adipose.

50-500 ppm: liver - Increased content

of tal; decreased protein, RNA, DNA.

50-500 ppm: blood - glucose reduced,

BUN, cholesleral, proteln increased.

S ppm: aminopyrine demeihylase acliv-

1ty Increased. 50-500 ppm: p-nitro-

benzoatle reductase, pentobarbital

hydroxylase activily Incredsed.

Mo effecl on food Intake, welght gain or Chu et al., 197}
liver size. HNoderate liver lobular pat-

tern with pertportal perinuclear halos

and perivenous cyloplasmic ballooning;

anisokaryosis, moderate falty liver

degenerations. Thyrold changes (see

Collins el ald., 1977). Reduced SGOT;

induced mixed funcliion oxldases.

>50 mg/kg: decreased bw, slightly in- Baumann et al.,
creased food intake; Increased liver 1983
weight .

>150 mg/kg: elevated SGOT, SGPT.

>50 mg/kg: Increased serum bilirubin,
protein, triglycerides; incredsed urin-
ary porphyrin precursors.

>2 my/kg: Increased serum cholesterol;
hepalic coagulallon focal necrosds, PN
Infiltration, fatty degeneration,
enlarged (functional) nucleold.

Elevated plasma corticosterone; hyper - Wasserman
aclivity of zona fasciculata of adrenal et al., 1913
cortex.
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Stidin Sex/No
Sprague . N/NR
Dawley

Mistar f/6
Sprague - n /&7
Dawley Qr oup
Holtzman N/30
Hult zman n/30

. Welght/Age

AL V-2 [cont.)

Source of PCBs/Vehlicle

100 ¢

12130 ¢

Aroclor 148, 1254 or

1260/d1et

Phenoc tor DDb6/dledt

Clophen A-50/0)ve
ol

Aroclor 1254/dVet

Aroclor 1254/dtet

Dase/Duration

0 or 1000 ppm up o
b wecks

2000 ppm up to
56 days

0 or 100 mg/kg bw
1 time/week for 7
weeks

0. 5. 50, 500 ppm

for 5 weeks

0, 5, 50 or 500 ppm
for 5 weeks

Animal EHfects

Reduced rate of galn: Aroclor 1248 >
1254 > 1260. Roderate elevallon of Hb,
PCV. Relative neulrophiila, lympho-
cylopenta. (Inlaryed liver, decredsed
thymus, fatly liver degenerdtions,
cystic areas and focal necrosts with
Infiitration of Inflammitory cells. (R
proliferation, vesiculatlon of RER,
tncreased number of lysorymes. In-
creased hepatic protein, RNA, phospho-
Wpid; decreased DA, cholesterol. In-
duciton of M -demethylase, nilroreduclase.

>3 weeks, UV fluorescence of Incisors,
smal) inlestine (porphyria). MHepalic
enlargement with centrilobular degenera -
tion. Splenic degeneration with dis-
appearance of white pulp, reduction in
red pulp, evidence of sideroshs.

N: Increased Viver percent of bw from
2.6-1.3%. Presence of ATPase defictient
Vslands. F: increased )iver percent of
bw from 2.9-31.6X. Greater prescnce of
AlPase deflicient Vslands.

>50 ppm: hepatomegaly, fally degenera-
tion, hepatocellular hypertrophy and
cyloplasmic vacuollzation.

>5 ppm: enlarged SIR; decreased number
of mitochondrla, lysosomes; Increased
Golg\ apparatus.

>50 ppm: Golg) apparatus decreased.

>5 ppm: enlarged thyroid, reducilon in
follicular size, hypeiplastic cells with
papiilae and cytoplasmic processes ex-
tending Yato Jumenal collodd; follicular
cells more columnar, mltochondria vacuo
lated with disrupled cristae, accumula-
tion of collold, Increased number of
lysosomes .

NR - Nol reported

References

Allen and
Abrahamson, 1913

Vos and Koeman,
1970

Deml} and

Oesterle, 1982

Kasza et al.,
19780

Kasza et a).,
19184
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TABLE V-3

Acule, Shortl-term and Subchronlic Toxicily of Orally-Administered PCBs Lo Mice

Strain Sex/No. Welght/Age Source of P(Bs Vehicle Dase/Duration Animal fftects
ki £/116 sexually 2,8.5-tri-(B peanut ot 0, 0.05, 0.5 0.50 mg/day: Increased cylochrome P-450
sature mq/day
(] F/108 sexually 2,2',4,4°.5,5"- peanut oll 0, 0.05, 0.5 >0.05 mg/day: increased cytochrome P 450
mature hexa-Cl wg/day for (p<0.005). 0.5 mg/day: hepatomegaly
6 days
WHR) F/745 sexually Clophen A-60 peanut oll 0 or 0.025 mg/ Increased (p<0.0005) length of estrus
aature mouse dally for cycle
62 days
0 N/6/group 19-24 g Aroclor 1254 Emulphor : 0, 10, 30, 100, 500 mg/kg: depression of spontaneous
saline():8) 250 or 500 mg/kg locomotor activity for <8 hours
bw, single dose
-1 F/NR 60-90 days 3,3°,.4,4°,5,5" - cotlionseed 0-16 mg/kg/day >8 mg/kg/day: decredsed welighl gain,
hexa-CB ol for 10 days lethargy, vaginal bleeding of pregnant
females
ChH F/10/¢group 12 weeks 2,2°,8,4',5,5°- peanut oll 0, 0.5 mg/day Increased Jiver welghts; reduced sens) -
hexa -C8 for 7 or 13 days tivity 1o stressful stimull (moving)
ICR N/5/qroup adult Aroclor 1254 diet 0, 2.5, 250, 4000 ppm: total mortaility by day ).
1000 or 4000 1000 ppm: death of 3/5 by day 15.
pem for 14 250 ppm: hepalomegaly, depressed food
days intake, decreased pentobarbital sleeping
time.
62.5 ppm: elevated serum corticosterone.
ch-) N/9/qroup 25-29 ¢ Aroclor 1254 Emu Vphor : 0, 30 or V0O Prolonged penlobarbital-induced sleep
saline(1:8) mg/kg bw/day time at both doses.
for 14 days
Swiss R/V0/group 2341 ¢ 2.4,5,2°,4,5" - peanut ol 0. 200, 500, Mo significant effect on body welght,
Albino hexa-Ch 1000 mg/kg food or water inlake, fecal or urinary
bw/day for outpul. 1000 mg/kg: decreased kidney
28 days weight; 500 mg/kg: Incredased liver
welight. Brain, lesles, spleen; no
change. PCVY: no change. Hepalocyles:

enlarged cytoplasm and nuclel; fatly
Infiltratton, reduced glycogen, in-
creased SLR; 200 mg/kg: Increased
lysosomes, milochondria, RER.  No
deficits In neuromuscular coordinatlon.

Reterence

Orbery, 19)8

Orberg and
Kih)strom,
1973

Rosin and

Nartta, 198}

Rarks et al.,
1981

Mattsson
el al., 1961

Sanders
el a)., 194

Rosin and
Martin, 1983

Carter and
Cameron, 197/



09cee

LL-A

88/L0/%0

Slrain

C5IB1/7b6)

BALB/C)

sex/No.

n/5/4roup

n/~13/group

We Vght /Age

18 20 g,
5 weeks

18-20 g

Source of PCBs

3,4,5 sym. hexa CB. ..
2,4,6 sym. hexa (8. ..
2.4.5 sym. hexa (8. ..
2,3, 5ym. hexa (8. ..

Aroclor 1242

Vehic e

diet

dlet

TABLE v 3 (cont )

Dose/Durdtion

6, 0.3, 1, 3,

10 or 30 ppm
dlel tor 28 days
g, 10, 30, 100
or 300 ppm

diet for 28 days

0 or 167 ppm
for 6 weeks

Antmal tifects

Lowest exposure (ppm) Lo cause:

Reduced
tnlarged Spleen
Lver Thymus Wt.
..0.3 10
. 100 300
.. 10 Jo00
. NR MR
300 ppm levels In
Diet _Adipose
3,4,5- 6912
2.,4,6- 4329
2,45 3923
2,3,6- 280

Increased
Tests
We ight

30 ppm 3,4.5 -hexa-(B depressed serum pro
leln, caused UV fluorescence of llver,

teeth, sternum.

tiver: 1.0 ppm 3, 4,5-

Reterence

Blocca et al
1981

hexa-CB caused Yiver microdabscesses to severe

fatty degeneration and necrosts at 30 ppm.

Other Ysomers: same lestons at 300 ppe.
Thymus: 3.0 ppm 3,4,5 -hexd-CB caused
moderate Lo marked Involution 4t 30 ppm;

300 ppm 2,8,6 -hexd CB caused marked Ynvoluy
tion; 300 ppm 2,3,6 hexd (B caused sliight
Spleen: 3.0 30 ppm 3,4,5.

inveolution.

hexa-CB, 300 ppm 2,4,6 hexa (B caused

moderale depietion of lymphocytes.
hexa-CA: enlarged spermatagonta.

2,4,6

hexa -CB: cardlomyopdathy and passive con

gestion of liver, lung.

Increased (p<0.0%) mortality caused by
Sdalmonella typhosd endotoxin at 6 weeks.
Increased (p<0.05) mortality caused by

Plasmodium berghel at 3 weeks.

Hepatocyl V¢ hypertiophy; no histological

alteralion of Jymphold Lissues.

3.4.5-

loose et al ,
197600
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Straln

BAL B/C)

cs181/6 N/NR

Outbred
albino

f/1/g9roup

t/1/9roup

CL/7ICR

Sex/ho.

M/ -15/74roup

t/71/¢roup

§/25/group

Metyght /Age

18-20 ¢

18-20 ¢

4-6 weeks

sexually
malure

Source of P(Bs

Aroclor 1242

Aroclor 1016

or 1242

Aroclor 1016

Aroclor 1248

Kanechlor 500

NR - Nol reported

TABLE V-3 {cont.)

Vehic le

diet

dlet

diet

diet

Dose/Ourdtton

16! ppa ftor
6 weeks

6! ppm for
6 weeks

167 ppm for
3 weeks

0, 50, 100, 500,
1000 ppm for
3-5 weeks

0, 1000 ppm
for 5 weeks

6, 100 or 1000
ppm for 5 weeks

0 or 500 ppm
for -42 days

Animal LHfects

>2 told reduction \n primary and second
ary splenic plaque torming cells In
response to sheep RBC, decreased serum
tmmunoglobulin. Decreased memory cell
function and serum IgA when lmmunized
with sheep RBC 3 weeks before b week
expasure to Aroclor 1240,

Increased (p<0.05) mortality caused by §.
1yphosa endotoxin. (No difference be-
tween Aroclor 1016 or 1242.) Increased
(p<0.05) mortality caused by P. berghel al
3 weeks. (No difference between Aroclor
1076 or 1242.) Mo histapaihological
changes In lung, thymus, mesenler)c lymph
nodes, spleen. Histopathologlical exam of
1iver revealed hepatocytic hyperplasia.

Splenic cells from treated mice Injected
into neonates elicited greater graft vs.
host response, Indicating Aroclor 1016
may attivate donor lymphouytes.

PCR resVdues (ppm adiposa) 1.1, 109,
399, 1330, 3760 respectively 4l 3 weeks.
No decreased food Intake or other signs
of loxicity excepl usual hepatocellular
alterations.

Al &+ days postinoculation with ltve
Salmonella typhimurlum, treated mice had
greater numbers of Yive organisms in
Viver and blood.

Apparently dose-related Increase in mor -
131y duve 1o S. Lyphimurium endotoxin.

Depressed feed intake, hepatomegdly

Reterence

Loose et al
19184

Stikworth and
taose, 1918

lhomds and

Hinsdi )1, 1970

lanimura

el al., 1980
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TABLE V-4

Acute, Short-term and Subchronic Toxicily of P(8s Administered by Roules Other lhan Oral

Species/ Source of
Route Strain Sex/No. Welight/Age PCBs
$.C. Guinea pig/ NR/54 NR NR; 42 C)
MR
s.C. Guinea plg/ NR/10 NR NR; ~42x C)
L
$.L. Rat /MR NR/30 NR NR; -42% C)
$.C. Rabbit /MR ne/3 NR NR; -42% C}
MR/ 1] NR; -4 O)
Dermal Guinea pig/ NR/VY NR NR; -42% C)
L]
NR/16 MR WR; -4 €1
s.C. Mice/ddY F/uR 71-8 weeks Kanechlor 500
V.p. Rat/nNR R/NR NR Aroclor 1254
Inhalatton  Rat/NR n/5, £/ NR Decachloro-
bipheny}

Vehicle

None

Mineral
o))

None

None

Mineral
oll

None
Ninera)
ot)

95%
ethano)

Daose/Duration

69690 =g,
stagle dase

35wy,
single dose

69 or 690 mg,
single dose

690 or 1380 »y,
single dose
345 or 690 mqg,
slngle dose

34.5 my/day
for 11 days
3.5-1) mg/day
for 7 or 1%
days

0-10 my/day
for 10 days

100 mg/kg/
day for &
days

2.54 g/m®
for & hours

Anlmal Fifects

local Injection necrosts to fibrous
encepsulation. Hepalic: centrdlobular
necrosVs, atiophy, fatty ‘nfiltratton,

splenic lymphold hyperplasia, pulmonary

congestion, morialily.

As above, complele mortality 13 days,
pulmonary congeslion more severe

Fatiy Viver degeneration; splenic
hypertirophy, local injeclion fibrous
encapsulation

Death In 14-72 days (as above, except
Tiver contatned fine droplets of fat}).
Death In 42-360 days (a3 above, excepl
Yiver contained fine dropleis of fal).

Death within 21 days. (Dermal epithe-
1ial destruction. leslons Vn tnternal
orgens as above.)

Killed 2 days after last dose:
Rortality >4 mg/day

Aminolevulinic acid (ALA) synithetase
activity Increased, ALA dehydratase
activity decredsed, microsomal heme
and cytochrome P 450 increased

Blinking and sneezing, reversible;

14 -day observation, no effects on
appelite or growlh. Gross pathology,
no lesions.

References

Ailler,

1944

Matanabe and
Sugahara,

198)

Berciy
el al.,

19174
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Roule

Inhalation

lahalatlon

1.p.

1.9

V.p.

Specles/
Strain

Rat/ng

Rat/uR

Rat/Mistar
Woodliyn

Rat/Mistar

Rat/t ong-
tvans

Rat/Sprague-
Bawley

Rat/Sprague-
Dawiley

Rat/Spragyue-
Dawley

Sex/No.

/4

NR/3

w1

N/NR

n/un

24

N/nR

n/uR

Helght/Age

3 weeks

adult

150-200 ¢

100-120 ¢

Source of
PCAs

Solve)

Solvei

pure mono-,
V-, telra-,
hoxa-, octa-Chs
pure monso-,
d)-, lelra-
fsomers of PCBs

Aroclor 1016,
1221, 1232,
1242, 1248,
1254, 1260
Aroclor 1254
or 2) purt-
fled t1omers

Aroclor 125%4

Aroclor 1254

Aroclor 1254

Vehicle

A

NA

Peanul
oll

Corm o))

Corm o)

Ringer's
solutton

TARLE V 4 {cont.)

Dose/Duration

10 g/w®
for 3 hours

0.5 g/m*
for V)
suposures

50 ®g/kg bu

daldy for 1

days

100 mg/kg bw
ey ftor )

days

$0 mg/ky/
uy-?u b |
days

500 ymo)/kg
) time

Contrel, corn
oll, er
V g/kg bw

0, 25, 5
ag/kg

100 mg/kg/day
faor & days

100 mg/kg
once weeskly
for & weeks

Antmal Lifects

Al) uncoordinated, comatose, dead \n
24 hours. Hepallc necrosis, fally
intVitralion, renal tubules ¢loudy
swelling. Hearl and spleen congesled,
splenic mecrosis.

) dealh, necropsy simllar to abave,
signs less marked. Hyperplasta of
Kupfer colls.

Hepatocytic proliferation of SER,
changes in RER, focal necrasis,
cyloplasmic vacuolization.

Nore pronounced hepatic changes;
tatly af tration, cenlr)lobular
necrosis, biltary proliferation.

Induction of miny hepalic enzymes.

Increased Viver welghl, decreased
thymic welight; induction of varilous
cylochroms P-450s

*Typical® Jiver leslons; no effect
on plasma corlicosterons

Hepatomegaly, elevaled cylochrome
P 450, various hepalic enzyme systems
tnduced or inhibiled.

Elevaled ALA synthetase, microsomal
heme, cylochiome P-450. Depressed AlA
dehydratton.

flevated (olal porphyring, microsomal
heme, cylochrome P-450. Oepressed AlA
dehydratlon, ferrochelatase.

Reterences

.

Rozanova,
1943

Hansel) and
tcobichon,
19104

tcobichon,
1915

Parkinson,
et ol .,
194134

Dunn el al.,
1943

Hinton

et a4l , 1904

Alvares and
Kappas, 1979
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Route

1.9

\.p.

Welight/Age

200-300 g

Speciesy/
Straia Sex/Mo.
Rat/Sprague- NW/1) ne
Dawley
Rat/Sprague n/24
Bauley
N/6/treated MR
etoup, V/
contrel
o oup
Rat s tor e 2% ¢
Nice/8ALB/C) MR/4-10/ NR
group

Source of
P(Bs

Aroclor 1242

Arocler 1242

Areclor 1242

Clophen A-50

Aroclor 1242

TABIE ¥ € (cont.)

Vehicle

Peanul
ol

Peanut
et

Peanut
otl

Corn ot}

Corn o))

Dose/Buration

100 mg/kg bu
tulte weekly
for & weeks,
once weekly
for an add\-
tional &
weeks

0,1,5, 25,
50 or 100
»y/kg bu,

single dose
0 or 100 mqg/kg
buw, single dose

0 or 100 mg/
kg buw, single
dose § weehs
observalion

1000 og/kg
bw single
dose

Animal Effects

Body welght loss, hepatic midional
sudanophtlic vacuolization, fecal
necrosls, dilallon of renal tubules
with proteinaceous casls. Decreased
PCY, RBC, hemoglabin, neulrophla.
Incredsed serum lron, decreased
corticosterolds and blood glucose.
Increased urinary proletam sugar,

copiopor phyr in.

tlevated hydroxylation, M demelhyl -
atlon, cytochrome P 450

Examinations of microsomal enzyme iIn-
duction at }, 5, 10, 20, 40 days post
trealment tndicated maximum Ynduction
at § days, some resldual tnduciion at
20 days. Hydronylatton mosl dramall-
cally elovated.

Cylochrome P-450 Increased 1- to
4-fold, maximum n )} week. NADPH
activity doubled, P-nilroantisole

0 -demelhylase Induced 6- ta )-fold,;
~§-fold atter ) munih. AHH activily
increased 3-told, down to normal -~}
month. Microsoma) epoxnide hydratase
Increased 2.5 told atl | week, per-
stited al least & weeks. Glulathione
S-lransferdse Increased at | day
remdined at these levels. Microsomd)
UDP glucuranosyliransterase activity
Increased 2.5 fold ta ) week, pes-
shsled & weeks.

Splenomegaly: significant by day b,
peak by day 9, gone by day 1).
Cellulartty: sigadficant reduction In
tymphocyles days 6-10.

References

Brucknes
el al .,
1974b

Bruckner
et al .,
19140

Parkky
el al., 191

Carler and
Clancey,
1980
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TABLE V 4 (cont.)

Speces/

Strain Sex/Mo.

Routy

Rabib bt /Mew (7213
leadand

White

Dermdl

Rabbiil/bew F/12
lealand

White

Derma)

Source of

Weighl/Age PCBs Vehicle
2500 3050 Phenoclor DPH Isopro-
9/5 months  Clophen A 60 panol

Aroclor 1260
2.5-2.9 2,4,5,2° 4.5 - Isapro-
kg/3.5 hexa-(8 panol
monlhs Aroclor 1260

Dose/Duration

Animal Etfecls Reterences

118 mg/day,
§ days/week
for 18 days
(2] applica-
thons)

120 mg/day,

S days/week

for & weeks

{20 applica-
tions)

Vos and
feems, 1911

AVl PCRs: Gradud) welght lost, mortal
tly beginning 4t day 10, eryihemia and
thickening of skin, subculaneous edema,
ascites, UV fFluorescence. fecal copro-
porphyrin and protoporphyrin elevaled.
Hematology: leukopenta. Apparent
hepatomegaly, kidney enlargement.
Liver: centrilobular degeneration,
focal hydroplic degensration, focal
necrosls, centrilobular hepalocylic
alrophy {more pronounced ia Clophen,
Veast In Aroclor group), periporial
fibrosis. Kidney: hydropic degenera-
Lion of convoluied tubules, pykmotic
nuclet, rhexis and lysis of tubular
epitheltal, cells, tubular dilatation
with casts of necrolic cells.

Dermal: erylhema, wrinkling, hyper - Vos aand
keratosts, reduced halr regrowth; more Nolenhoom
severe ia Aroclosr 1260 group. lecal Ram, 1902

coproporphyrin elevated in bolh
treatment groups with UV fluorescence.
Hopatomegaly, elevaied SGPI, SGOI o
2,4,5-hend (B group. Dermal seclions:
splidermal fallicular hypesplasia; tol-
Ticular plugging more In Aroclor 1260
group. Moderatle Lhymic alrophy in bolh
PCR groups. Liver leslons simdlar to
previous study (Vos and Beems, 191)),
more severe In 2,4,5-hexa-CB group; SER
proltiferation, RER dilation and
degranulalions, plcnotic nuclet.

MR . Mot reporied
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Sped Ves/
Straln

Ronkey/
rhesus

Rabbit/
New ledland
While

Rabbit/NR

Rabbit/New
lealand
White

Guinea plg/
Dunbar /

" Harlley

Sex/No.

TABLE ¥V 5

Acute, Shorl-term and Subchronic Toxlcity of Orally -Adminlistered PCBs to Other Specles

Helight/Age

Source of PCBs

/i

/720, N/20

216

N/1/9roup

£/5-19/
group

9.2 ky/
adult

adult

~2 kg

500 600 g/
8-10 weeks

2.5.2°.5" -
tetra-CB

Aroclor 1221,
Aroclor 1242
Aroclor 1254

Aroclor 1254

Araclor 1254

Clophen AS0
2,4,5,2' 4.5 -
hexa C8

Vehicle

corn oll

corn ol

corn ol

diet

peanut o))

Dose/Duralion

0.18 my/kg bw

0or 300 mg 1 time
week iy for 14 weeks

0, 1.0, 10, V2.5,
25, 50 mqg/kq buw
dally for 28 days

0, 3.7, 20.0, 45.8,
110 ppa diet for

8 weeks: 0.18,
0.92, 2.1 or 6.5
mg/kg bu/day,
respectively

25 or 100 s
Total doses over
54 days

Animal fHtects Reterence
Moderate proliferation of SER, slight Allen et al
decrease of Viver DHA, increase In 191%

cylochrome P-450.

Aroclor 1242, 1254 elevaled SGOF, SGPI. Koller and
Aroclor 1254: slight transtent increase Iink), 19713
in serum choleslerol, reduced rate of

galn, seveie hepalomegaly, ulerine

atrophy. HNo differences In hematologic

paramelers, BUN, serum protein fractions.
Histopathology, Aroclor 1254: vacuolated

and granular enlarged hepatocyles,

centrilobular necrosls and fibros)s.

8allooned RER. Leslons less obvious n

Aroclor 1242-exposed, absenl In Araclor

122) -exposed.

No effect on tota) number of feluses, Vilieneuve
number of viable fetuses, number of et al., 1914t
resorption stiles or number of abortlens

at doses of 1.0 or 10 m/kg bw/day.

I lver wetights In the dams were signif)

canlly Increased at the 10 mg/kg bu/day

dose. [Effecls on felal viabiltty as wel)

as other malernd) effects were seen al

doses of 12.5 or greater.

No effect on feed consumption, growth Street and
rale, visceral pathology except hepato - Sharma, 1975
megaly which was statistically signify.

canl (p=0.05) at the highest two doses.

No effect on hemalologic parameters. Mo

consistent VYemunological response

{hemolysis or hemagqglutination titers)

to sheep RBC. Gawma globulin reduced

at all levels. No etfecl on dermal

tuberculin reacllon. Splenic and thymic

reductions n gamms globulin-producing

cells, dose related.

"All seemed unaffected by the treatment . * Brunsti oem
Clophen A-50: tncreased cylochrome P 450 el al)., 1982
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Specles/
Straln

Guinea plg/
NR

Guinea pig/
albino

Pry/
Yorkshire

Ronkey/
rhesus

Sex/No.

N/40

t/740

1740

/30

f /736

NR/1)

t/732

Welght/Age

3 4 weeks/
~22% ¢

3-4 weeks/
~225 ¢

3-§4 weeks/
~225 ¢

~220 ¢/
4 weeks

14 days

5.6 kg/7 10
years

Source of PCBs

( lophen AbO

Clophen AbOD

Aroclor 1260

Clophen AGD

Aroc lor 1260

Araclor 1254

Aroclor 1248

TABIE V-5 (cont.)

Vehicle

dlet

dlet

diet

diet

diel

condensed
mi )k added
to diet

diet

Dose/Duration

0, 10, 50, 250
ppm for & weeks

0, 10, 50 ppm
for & weeks

50 ppm for
b weeks

0, 50, 250 ppm
for ) weeks
0. 10, 50 ppm

for 8 weeks

0, 12.5, 25, 50,

100 mg/kg bw up to

35 deys

0, 25 ppm for

2 monlhs; (otal
intake of

260 450 g

Animal Eftects

250 ppm: 80X mortaldty; cdchexla, lym
phold atrophy, Viver damdge, hepatlomegdly
>50 ppm.  >10 ppm: dose related reduc -
tion n hemdgqlutination titers and
letanus antitoxin producing cells in
popiiteal lymph nodes tollowing tetanus
toxoid tmmunization.

50 mg/kq Clophen: Increased Viver welght.

Significant reductton of tetanus antt-
toxin titers, circulaling leukocyles and
lymphocytes and thymus 4lrophy wilh both
PCBs, 50 ppm. 1OUX mortalidly at 240 ppm.
Reduced tuberculin skin reaction, thymus
alrophy, leukapenta at 50 ppm level.

50 ppm: reduced rate gain, hepatlo-
megaly, reduced welght of kidney,
adrenals. 10 ppa: spienic atlrophy;
reduced popliteal lymph node, gamma
globulin-producing cells.

Al levels: partlal anorexta, reduced
welighl gatn, dlarrhea (melena or blood
at >50 my/kq), abdomina) dittensiton,
gastritts, colltis, entarged thyrold,
thymic and splenic dtrophy, Viver and
kidney enlaigement.

AlopecVa; edemd of lips, eyelids, face;
pustules Involving hatr foldlicles; prud
tis; necropsy of the animal consuming
450 mq: severe welghl loss, subcutlaneous
vdema, acute hyperplastic gastritls with
foca) hemorrhage, ulceratton. (iver:
tocal necrosls, enldrqged hepatocytes,
1ipid dccumulatlon. Hypocellularity of
bone mdrrow.

Reference

Yos and van
Genderen, 1913

Vos and van
Genderen, 1911

Vos and de Rol),
1972

Bintals et a) .,
1978

Allen el al.,
1974p
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Species/

Straln Sex/Mo.
Ronkey/ M1
rhesus

Monkey/ L[]
rhesus

Nonkey/ n/2
rthesus /72

MR - Mot reported

Welghi/Age

9.2 kg/adult

adult

2.8-3.6 kg

Source of PCBs Vehicle

2.5.,2'.% corn ol
tetra (B

Aroclor 1248 dlet
2.5.4'-tricd diet

TABIE ¥V 5 (conl.)

Dose/Duration

U or 16 mg/ky bw,
single dose

100 or 300 ppm
for 2-3 months

5 ppm for B84 days
{historic controls)

Animal Lffects Refesence
"No obvious clinical eftects.* Mo Allen el a4l
cthange Yn hematology. lLevels {14 days) 1904

of tetra-(CB: adiposa, V3%, adienals, 133,
lung and heart, 9; llver and skin, §4;
thyrold, 2 ug/q tissue. Microscopic-
ally, all t¥ssues normal. Hepatlc ultra-
struclive: proliferation of SLR, elevated
cylochrome P 450.

Gradual welght loss, alopecia lacrima- Allen, 1915
tions, conjunctival congestion, faclal
edema, comedones, large Intrafoldtcular
keratin cysts. Hemalolugy: gradual de-
trease In PV, Hb, lymphocylopenia and
concomitant neutlrophilla. Reduced serum
proteins, Viplds, cholesterol), trigly
cerides. Thickened gasiric mucosa with
mucin-filled cysts, moderately tnvasive
gastric hyperplasia. lTwo fold hepato
megaly, enlarged hepitocytes with in
creased SIR; decreased )iver DNA, RNA,
increased MO.

Bosl organs: increased blood volume. latropoulos
Increased relative liver, brain weight et al., 19}
(males). Microscoplcally, venous con-

gesiton In many Qissues. Adrendls:

hemorrhages and cellular changes in zona

fasciculata. Renal cortical and medulary

degeneration, tubd) collold. Liver: con-

gestion, fatly Infiitrattons. CNS:

parenchyma) and mesenchymal degeneration,

macrozllal proliteration, glloshs, swelld-

ing of Purkinj)e cells.




these studtes. VYarious routes of administration of PCB to many species have
produced similar signs and symptoms of toxicity. Some spectes, such 4ds the
guinea pig, appedr 1o be more sensitive to the effects of PCBs (Vos and van
Genderen, 1973). In the following section, the pathological effects of
short-term PCB exposure will be described. The studies discussed in the

following sections are also summarized in Tables V-2 to V-5.

Hepatic System. The majority of the toxicity studies have evaluated

the effects of PCBs on the liver. Grant and Phillips (1974) administered
Aroclor 1254 by gavage to male and female Wistar rats. In both sexes, 5

mg/kqg bw/day for 7 days significantly increased liver weights.

Longer exposure to PCBs produced hepatoxicity. Allen and Abrahamson
(1973) fed diets containing up to 1000 mg Aroclor 1248, 1254 or 1262/kg diet
to male Sprague-Dawley rats for 6 weeks. L1ve.r weights at the end of 6
weeks were increased >3-fold; the livers from the Aroclor 1262-exposed rats
were most enlarged and livers from Aroclor 1248-exposed rats were least
enlarged. More recently, Baumann et al. (1983) reported that male Wistar/
Neuherberg rats treated with 2-250 mg/kg of Clophen A-50 by gavage twice
weekly for 6 weeks exhibited liver damage at levels as low as 2 mg/kg bw.
Liver damage was characterized by increased 1iver size, congestion, fatty
degeneration and focal necrosis. Lin et al. (1979) did not report increased
liver size, but found considerable ultrastructural damage {Yntracellular
vacuolization fragmentation of RER, altered mitochondrial conformation) in
200-500 g female Sprague-Dawley rats that were treated Dy gavage with single

doses of 1.7 g 2,2',5,5'-tetra-CB/kg bw.

02360 v-20 04/07/88



Additional nepatic alterations were described Dy Kasza et al. :1378h:.
Four -weex-01d rT\a1e Holtzman rats received 0, S, 50 ar 500 mg Aroclor 1254/kg
in the dtet for 5 weeks. The animals experienced hepatic alterations
consistent with those previously described in this section. Additionally, a
dose-related increase in the number of Tiposomes, as well as 1ipid droplets
and an increase in the number of Golg! apparatus at the 5 ppm exposure level
and a modest reduction in Golgl apparatus in the S0 and 500 ppm exposed
groups. Laminated cytoplasmic inclusions or membrane whorls were seen in
hepatocytes from rats exposed to 500 ppm. The observations from this studyv
indicate that a blockage occurred in the mechanism by which hepatocytes

discharge lipids.

PCBs have been used widely to induce hepatic enzymes, often in studies
with other chemicals. In these studies, large doses of PCBs are often given

by 1.p. injection or gavage to obtain maximal enzy.me induction.

The rapidity in which certain hepatic enzyme activities are induced and
their persistence in the induced form was demonstrated in a study by Parkk!?
et al. (1977). A one-time i1.p. administration of 100 mg Clophen A-50/kg bw
to male Wistar rats elicited profound blochemical changes in the liver.
Cytochrome P-450 levels increased 3- to 4-fold with a maximum achieved in I
week. NADPH cytochrome ¢ reductase activity doubled, and p-nitroanisoie-o-
demethylase activity increased 6- to 7-fold and deciined to -4 times normal
activity at the end of the 4-week observation period. AHH activity
Increased 3-fold Initlally and had returned to normai by the end of 4 weeks.
Microsomal epoxide hydratase activity had increased 2.5-fold at 1 week and
persisted at this level. Glutathione-S-transferase activity had incredsed

Oy 1 day and remained elevated for 4 weeks.
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Similar evidence for rapid onset of enzyme induction was demonstrated 'n
Sprague-Dawley- rats fed dlets containing Aroclor 1248, 1254 or 1260 for &
weeks. This treatment resuited in many enzymes systems being induced after
1 week of exposure to all of the Aroclors tested. Microsomal nitroreductase
activity incredased initially and declined to near normal values by the
second week. Activity continued tc decline except in livers from Aroclor
1260-exposed rats. N-demethylase activity persisted at high levels through-
out the b6-week period, whereas, AHH, glucose 6-phosphatase and esterase
activities decreased during the study. An increase in the amount of endo-
plasmic reticulum correlated with the occurrence of enzyme induction with
this phenomenon. By 6 weeks, degenerative changes such as vesiculation of
the endoptasmic reticulum, dissolution of membranous whorls and accumulation
of numerous 1lipid droplets had occurred. This degeneration was accompanied

by a decrease in hepatic enzyme activities (Allen and Abrahamson, 1973).

few studies have been designed to define minimum effective oral doses
required to induce hepatic enzyme activities. Chu et al. (1977) reported
induction of MFQ activity in male weanling rats exposed to 20 mg Aroclor
1254 or Aroclor 1260/kg in the diet for 28 days. Similarly, Garthoff et al.
(1977) reported that 5 ppm of Aroclor 1254 in the diet for 3 weeks resulted
in induction of hepatic aminopyrine demethylase activity; exposure at the
same dose for 5 weeks produced a significant increase in Tiver weight 1n

male Holtzman rats.

Effects on the livers of mice are strikingly similar to those observed
in rats (Carter and Cameron, 1977; Orberg, 1978; Sanders et al., 1974, Loose
et al., 1978a,b). Levels of 0.3-1.0 ppm of 3,3',4,4',5,5 -hexa-CB diet for

28 days resulted in liver enlargement; fatty degeneration and formation of
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microabscesses were found at doses >1.0 ppm of diet (Blocca et al., 1981;.
This study used groups of five C5781/6J male mice to test the relative
potency of four symmetrical isomers of hexa-CB. The other isomers tested
elicited similar responses at the 30-300 ppm diet level. Mattson et al.
(1981) observed hepatomegaly in groups of female CBA mice that were exposed
to 2,2',4,4',5,5'-hexa-C8 in peanut oil at levels of 0.5 mg/mouse/ day for 7
days. Higher ievels of commercially available PCB products are necessary to
elictt these hepatic responses. Loose et al. (1978b) exposed groups of
male/BALB/CJ mice to a diet containing 167 ppm Aroclor 1242 for 6 weeks ‘0o
demonstrate hepatocytic hypertrophy. Sanders et al. (1974) demonstrated

hepatomegaly in groups of five adult male ICR mice exposed to dietary levels

of 250 ppm Aroclor 1254 for 14 days.

Other spectes have demonstrated variable alterations 1in hepatic
parameters upon exposure to PCBs. Oral admn‘lst.raﬁon of levels as low as
3.7 ppm Aroclor 1254 in the diet (0.18 mg/kg bw/day) for 8 weeks to male New
lealand rabbits failed to produced hepatomegaly (Street and Sharma, 1975).
Guinea pigs treated with a 250 mg Clophen A-60/kg diet for 4-7 weeks experi-

enced hepatomegaly with "liver damage" {Vos and van Genderen, 1973).

Skin -- Only one study was found that implicated PCBs (Aroclor 1254)
in dermatitis in rats (Zinkl, 1977). Alopecia and a crusty dermatitis with
serum ooze developed first on the ears, then the dorsum of the nose, tail
and feet of female CD rats after 10 weeks of exposure to 100 ppm Aroclor

1254 diet.

Signs of toxicity in monkeys acutely exposed to PCBs closely parallel

those reported in other species with a few notable exceptions. Frequently,
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the first obvious sign of PCB intoxication is the development of facial
lestons. Facial and palpebral edema followed Dy alopecta and development of
comedones was reported in female rhesus monkeys exposed to 25 ppm Araclor
1248 in the dlet for 2 months (Allen et al., 1974b; Allen, 1975). Total
Aroclor 1248 1intake was calculated on the basis of known food intake to be
260 mg. wWithin 1 month, all the P(B-exposed animals suffered from alopecia,
subcutaneous edema, purulent ocular discharge and acneform lesions. These
signs progressed to generalized subcutaneous edema, pruritus and alopecia.
As described in more detall in the Chronic and Subchronic Toxicity Section,
chronic low level toxicity studies by McNulty et al. (1980) resulted In
lesions Ydentical to those reported for rhesus monkeys fed higher doses of

Aroclor 1248.

Immune System -- Immunotoxicity of PCBs appears to be dependent upon
the expression of the aromatic hydrocarbon (Ah) ;eceptor and on the abiltty
of the PCB to bind to the receptor. As stated previously the receptor
binding affinity of PCBs 1s dependent on the molecular conformation that is
determined by the chlortne substttution pattern. Two tetra-CBs, 3,3',4,4
and 2,2',4,4', were found to have different enzyme inducing capabilities as
well as differing potentials to induce immunotoxicity; that 1s, 3,3'4,4'-
tetra-CB was ‘immunotoxic while 2,2',4,4'-tetra-CB was not. In addition,
this immunotoxicity appears to be dependent upon the presence of the Ah
locus in the test animal studied (Silkworth and Grabstein, 1982; Silkworth

et al., 1984).

Mice have been used as a model to demonstrate the effects of PCBs on
suppression of the immune system. Loose et al. (1978a,b) demonstrated

!mmunosuppression as measured by increased mortality to Salmonella typhosa
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endotoxin dnd Pasmodium perghe! in groups of male BALB/CJ mice that were

treated with 1_67 ppm Aroclor 1016 or 1242 in the diet far 6 weekS. These
treatments d1d not result in histologically-demonstrable lestons in thymus,
spleen or mesenteric lymph nodes. Thomds and Hinsdill (1978) demonstrated
decreased mortality of S. typhimurium in groups of outbred female mice that
were given 1000 ppm Aroclor 1248 in the diet for S weeks and an apparent

dose-related 1increase in mortality caused by S. typhimurium endotoxin at
levels of 100 and 1000 mg/kg diet.

Male C57B1/6J mice exposed to one of four symmetrical hexa-CB isomers
exhibited thymic invclution especially with 3,3',4,4',5,5'-hexa-CB. Concen-

trations of 3.0 ppm in the diet for 28 days caused moderate depletion of

splenic lymphocytes (Biocca et al., 1981).

The gqguinea pig demonstrated 1munosuppressi‘on resulting from a 4- to
7-week exposure of groups of female albino quinea pigs to 50 ppm of Clophen
A-60 or Aroclor 1260 in the diet {Vos and de Rolj, 1972; Vos and van
Genderen, 1973). In this same laboratory, guinea pigs were exposed to <250
ppm of Clcphen A-60 in the diet for 4-7 weeks experienced atrophy of
lymphoid tissue and reduction in tetanus antitoxin titers following injec-
tion with tetanus toxold (Vos and van Genderen, 1373). However, recently
Brunstroem et al. (1982) reported that all animals *seemed unaffected by the
treatment® in a study that exposed pregnant females to total Clophen A-50 or

2.2',4,4',5,5 -hexa-CB amounts af 100 mg over a 55-day period.

Dermal applications of 120 mg of etther 2,2',4,4',5,5'-hexa-CB or
Aroclor 1260, 5 times weekly for 4 weeks resulted in moderate thymic atrophy

in rabbits (Vos and Notenboom-Ram, 1972), the most severe of which was pro-
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duced by the hexa-CB. These results indicate that both PCBs had potential

for cell mediated immunosuppression.

PCBs have been shown to cause splenic, thymic and lymph node regression
in rats (Allen et al., 1975; Allen and Abrahamson, 1973; Parkinson et al.,
1983a). S1ight splenic eniargement was reported for some workers after
occupational exposure to PCBs (Miller, 1944; 0Oishi et al., 1978; Carter and

Clancey, 1980).

Endocrine System -- The thyroid has been implicated as a site of PCB

toxicity and thyroid dysfunction as the cause of many of the PCB symptoms.
The first study to report thyroid toxicity was conducted using young male
Osborne-Mendel rats (Collins et al., 1977). In another study, Kasza et al.
(1978a) reported that 4-week-old Holtzman rats fed diets containing 5, 50 or
500 ppm of PCBs diet for 5 weeks produced u1t;;structura1 changes at the
lowest dietary PCB level. Aroclor 1254 at levels as low as 5 ppm in the
diet for 4 weeks has been shown to cause considerable change in the micro-
scopic and ultrastructural appearance of the thyroid gland in groups of six
male B-week-old Osborne-Mendel rats (Collins and Capen, 1980b). The inves-
tigators noted that Aroclor 1254 1interfered with thyroid function and

reduced thyroxine.

Reproductive System -- PCBs have been implicated in reproductive
system dysfunctions in a variety of exper imental situations (see Reproduc-
tive and Developmental Toxicity Section). Dietary administration of 300 ppm
Aroclor 1254 in the diet for 10 days to female Holtzman rats (Spencer, 1982)
has been assoclated with decreased levels of placental protein and glycogen

content. Gavage treatment of male Sprague-Dawley rats (250-300 g) with 50
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mq Aroclor 1254/kg Dbw for 7 days resylted in increased acid phosphatase
activity in testicular interstitial cells (Dikshith et al., 1975). These
studies indicate that PCBs may ‘ndirectly hasten steroid catabolism

(Spencer, 1982).

Gastrointestinal System -- Development of gastritis progressing to a
moderately invasive gastric hyperplasia in the individuals were described in
the rhesus monkeys after consuming ~260 mg Aroclor 1248 over 2 months (Allen
et al., 1974b) and in six male monkeys exposed for 3 months to a diet con-
taining 300 mg Aroclor 1248 diet (Allen and Norback, 1973). Upon necropsy,
edematous thickening of the stomach wall accompanied by glandular hyper-
plasia was observed. Glandular cells accumulated mucus, resulting in the
formation of large, mucus containing cysts. Alterations of the glandular
epithelial cells and their nucle! accompanied by inflammatory processes and

invasion of the muscularis were observed.

Urinary System -- Rabbits exposed to PCBs responded in a manner

stmilar to other species (Villeneuve et al., 1971a,b) with the exception
that derma! application of any of three commercially available PCB products
resulted in severe renal damage (Vos and Beems, 13971). Applied at 118 mg, 5
times weekly for 27 applications (38 days), Phenoclor ppPé, Clophen A-60 and
Aroclor 1260 all resulted in hydropic degeneration of convoluted tubules,
destruction of tubular epithelial cells with resultant tubular dilatation
and proteinaceous casts. No mention of such lesions was made in a subse-
quent study by this laboratory using a total of 20 such applications (Vos

and Notenboom-Ram, 1972).
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Other Qbservations -- Many reports pave Indicated that the nutritional
status of animals may be altered with PCB treatment. Datly gavage witn
0.05 g Aroclor 1254/kg bw to groups of male Sprague-Dawley rats (weighing
200-250 g) for 21 days resulted in depressed food and water fntake,
depressed body temperature and reduced rate of weight gain or absolute
weight 1loss (Komives, 1979; KXomives and Alayoku, 1980). Similar results
were obtained by Kling et al. (1978) and Garthoff et al. (1977) using
similar doses of Aroclor 1254 in the diet. Qther workers (Chu et al., 1977)
however, reported that exposure of male Sprague-Dawley wednling - .ts to 23
mg Aroclor 1254 or Aroclor 1260/kg diet for 28 days did not reduce feed
Intake or rate of weight gain. Similarly, Oishi et al. (1978) reported that

a 100 mg Kanechlor 500/kg diet failed to reduce feed or water intake in rats.

Depressed food intake and rate of weight gain and lethargy were reported
tn mice treated with PCBs (Tanimura et al., 1980.; Sanders et al., 1974). A
dose as Tow as 8 mg of 3,3',4,4',5,5' -hexa-CB/kg bw/day given by gavage for
10 days to pregnant CD-1 mice also caused the above-described effects (Marks
et al., 1981). Dietary exposure of male ICR mice to 250 ppm Aroclor 1254 in
the dlet for 14 days also resulted in depressed food intake (Sanders et al.,
1974). Carter and Cameron (1977), however, observed no effect on body
weight or food or water intake in groups of male Swiss albino mice that were
exposed by gavage to 1000 mg of 2,4,5,2',4',5'-hexa-CB/kg bw datly for 28

days.

In general, blood and urine chemistries appeared to be affected by oral
administration of various PCB products (0ishi et al., 1978; Baumann et al.
1983). Blood levels of glucose were reduced and blood levels of wurea

nitrogen, cholesterol and protein were increased by 50 ppm Aroclor 1254 1in
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the diet fed for 2 weeks to groups of male 250 g Holtzman rats (Garthoff et
al., 1977). Baumann et al. (1983) found 1increased levels of urinary
porphyrin and porphyrin precursors 1in groups of ten 100 g male Wistar/

Neuherberg rats following treatment by gavage with 50 mg Clophen A-50/kg bw

for & weeks.

Iatropoulos et al. (1977) exposed male and female rhesus monkeys to §
ppm of 2,4',5-tr1-CB diet for B84 days. No mention of total PCB intake was
made. They reported a generalized increased blcod volume of many tissues
apparently resulting from dilation of arterioles, capillaries and veins.
Hemorrhages and cellular changes in the adrenal cortex were observed.

Parenchymal and mesenchymal degeneration in the brain was also reported.

Chronic Toxicity

Chronic toxicity studles discussed in this.section include those >90

days in duration. These studies are summarized in Tables V-6 to V-9.

In contrast to acute toxicity induced by commerctal mixtures of PCBs,
chronic studies clearly indicate differences in the relative toxicity of the
commercial PCB mixtures. A l4-week oral exposure (300 mg, once a week)
study evaluated the relative toxicity of Aroclor 1221, 1242 and 1254 1in
rabbits and found that Aroclor 1254 was the most toxic and that Aroclor 1221
was the least toxic of the products tested (Koller and Zinkl, 1373). Simi-
larly, male BALB/CJ mice fed diets containing Aroclors 1221, 1242 or 1254
resulted in the determination that Aroclor 1254 was more toxic tham Aroclors

1242 and 1221 (Koller, 1977).
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Strain

t344

Sherman

Mistar

Sprague -
Dawley

Sprague -
Sauley

o

Donr yu

Sen/No.

ni/1%1

f/400

n/290

N/b/group

n/9%

f /300

n/1s,
1715

Svurce of PCB

Vehicle

IABLE V &

Effects of Chronic Oral txposure of Rals to PCBs

Dosage Schedule

Aroclor 1254

Aroclor 1260

Kanechlor 300,

Kanechilor 400
or Kanechlor
500

Aroclor 1242

Aroclor 1248,
Aroclor 1254
of Aroclor
1262

Aroclor 1254

Kanechlor 400

diet

diet

diet

diet

diel

0, 2%, 50, 100
ppm for 2 years

0 or 100 ppm for
2) months

0, 500 or 1000 ppm
for 27-52 weeks

0, 5 or 25 ppm for
2, 4 or 6 months

0 or 100 ppm
for 52 weeks

0, 10, 30 or 100

ppm for up to
20 weeks

tota) intake
450-1500 ppm over
159-560 days

Antma) Effects

Stomach: "Intestina)® mela
plasla, dose related; adenocarcinoma of glandular

Mo etfect on food intake; reduced body welght.
tleveled tan llver modules (110/184), hepdlocel-
Tular carcinoms (26/184).. Other areas: hepalic

Hepatomegaly, oval cell and blle
duct proliteration, tatly Viver taflitration.
Cholanglofibrostis at 1000 ppm level of all three
Kanechlors, nodular hyperplasia. Depressed fina)

flevated hepalic microsomal enzyme activity, lipid
flevated urinary coproporphyrin levels.
Present after 2 months at 5 ppm.

Increased hepalic protein, RMA and 1ipid; decreased
Increased microsomal total prolein and cylo

Inhibited glucose 6 -phosphatase.

Serum cholesterol, bela globulin Increased, gamma
globulin decreased (dose-related). >30 ppm:
Reduced rate of galn, hepilamegaly, cardlomegaly
>10 ppm: Hepatic porphyrinic
fluorescence. >10 ppm: Erythema, crustiness,
hyperkeratosis, perikeratosls on ears, dorsum of

Duratton

of Study

2 years Reduced body welghi.
stomach.

2} months
disruption.

1 year Heavy mortality.
body welght.

2, 4 or

6 monlhs conlent.

65 weeks
DMA.
chrome P-450.

20 weeks
(dose -related).
nose and feel, tall.

560 days

ALY treated ratls: fatly liver degeneration.

females 1200-1500 mg: multiple adenomatous nodules.
A1l rats >100 mg: hepalomegaly. Lung and intra-
cranold abscesses suggested \mpalred reststance

1o Infection.

Induced N demeihylase nitroreductase.

Reterence

Morgan et 4l |
191

K lmbr ough
et at., 195

Ito el al
1924

Sruckner

el al., 19/4a

Allen and
Abrahamson,
1979

akl, 197}

Kimura and
Baba, 193



09c20

LE-A

88/1L0/%0

Straln

Spragque
Dawley

Sherman

Spraque-
Dawley

Sex/No.

t/6/group

n/o, /710
per group

n/10, F/10
per group

n/9%¢

Source of P(B

Aroclor 1242

Aroclor 1254

Aroclor 1260

Aroclor 1248,
Aroclor 1254
or Aroclor
1262

Vehicle

diet

dlet

diet

Dosage Schedule

0, 15 or 150 ppm
for B or 3b weeks

0, 20, 100, 500
ppm for 8 months

0, 20, 100, 500,
1000 ppm for
8 munths

0 or 100 ppm for
52 week

TABLE V. 6 (conl )

bDuration
of Study

3b weeks

8 months

8 months

65 weeks

Animal Litedts

Both levels: massive venous engorgement of liver
with characterdstic darkening; marked focal neuro-
sis and regeneration, enldryed hepalocyles; many
mitoses and multinucleate cells, accumulation of
piyment adjacent to velns, heaviest \a Kupter
cells; accumulation of 1ipid droplets In cyloplasm,
some with areas suggestive of Iipid cholesterol
complexes; marked SER proliferation; deposits of
Vion;, granular degeneration ot mitochondria; many
hepatocytes contained whorl-1ike membranous bodlies.

Mortality (1/720) and reduced rate of galn at 500
pom. Hepalomegdly, enlarged hepatocyles with

foamy cytoplasm-containing Inclustons at >20 ppm.
Adenof Ibrosis and pigment accumuldtion at >100 ppm.

Rortality 1/10, 2710, 8/10 of females Vn 100, 500,
1000 ppm groups. Decreased rale of gain at >500 ppam.
Hepatomegaly, male and female at >20 ppm, discolored
Vivers with WY fluorescence, enlarged hepatocytes
with foamy cytoplasm-containing Yanclusions.
Increased Vipid content at >100 ppm. Plgment accu-
mulations al 500 ppm. Adenofibrosis at 2100 ppm.

Normal appetites, appearance, welght gatn, Hb, PCV,
WBC, serum protein, A/G rattos. [levaled serum
total Ivpids, cholesterol. Total lipid and tr)-
glyceride spiked very high pedks on Aroclor 1254
{only) at 52 weeks. Cholesterol levels persisted
at 65 weeks (13 weeks off exposure). Iriglyceride
levels fell dess than conlrols by 65 weeks. Hepalo-
meQaly: Focal degeneration and necrosis by 13 weeks.

Reterence

Jonsson
et al.,

1981

K imbrough

et al.,

1912

Allen el al .,

1976
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tftects of Chronic Oral Exposure of Mice lo PCBs

0¢9ceo

ZE-A

88/L0/%0

Straln

Mice/dd

BAL8/C)

Swiss
Albino

BALR/C)

dd

Sex/No. Source of PCBs

Kanechlor 300,
Kanechlor 400
or Kanechlor
500

nis

Aroclor 1220,
Aroclor 1242
oy Aroclor
1254

N/25/¢r oup

F/763 Aroclor 1254

n/200 Aroclor 1254

fF/760 *cep*"

Vehicle

diet

diet

diet

diet

olive or rice
bran ol)

Duration

Dosage Schedule of Study

0, 100, 250 or 32 weeks
500 ppm for

32 werks

0, 3.15, 31.5 vur 9 months
315 ppm for

6 monihs

200 ppm for 23 weeks

23 weeks
0 or 300 ppm tor 1) months
6 or 1) months

0, 0.5% v/V (8P
in olive oil of
1600 mg/kq COP
in bran ol) for
13, V1, 22 or 26
weeks

26 weeks

Animal Etfects

Hepalomeqaly In all tredtment groups.
No effecl on tinal body welght. Owval
cel) tarmation dnd bile duct piolifera-
t1on al mid- and high duse levels of
Kanechlor 400 and Kanechlor 500. Hepato-
cellular hypertrophy in 41] exposed
groups except low-dose Kanechlor 300.
Amyloldosts Yn all exposed groups
excepl high-dose Kanechlor 400 and
Kanechlor 500 groups; greater iIncidence
assoctlaled with lower doses of lower -
chlor inated Kanechlors.

(R TR

315 ppm Aroclor 1242 and all Aroclor Koller,
1254 exposed groups: significant
(p<0.0)) Increase In liver welght after
6 moalhs. Sigatticant {(p<0.01) decredse
in Viver welght of 375 ppm Aroclor 1242
and 11.% ppm Aroclor 1254-exposed groups
after 1.month recovery perlod. Aroclor
1254: 115 ppm: morlality and severe
hepatopathology: 37.5 ppm: mild hepato.
pathology: 3.75 ppm: no liver leslons.
Aroclor 1242: 315 ppm: moderate hepato-
pathology. Aroclor 1221: no Viver
leslons .

Thickening and erylthemia of pinna of Bel),
the ear; changes In microvasculature.

Bolh 1) - and 6 month exposure: Hepato -
megaly, hepatomas, liver degeneration
and elevated porphyrin.

L inder,

Both exposed groups: slight weight loss,
reduced activity; eczematous and uvlcera-
tive skin leslons, hepalomegdly and
hepatopathology.

1910
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Strain

Rhesus

Rhesus

Rhesus

Sex/No.

t/724
M/NR

/30

L 7A1!]

t76/¢roup

b/24

MR/ 1

Source of PCBs

Vehicie

Aroclor 1248

Aroclor 1248

Aroclor 1248

Araclor 1248

Aroclor 1016

Aroclor 1248

Aroclor 1248

dlet

diet

diet

diet

dlet

transpla-
cenla) or
mother's
-1k

transpla-
cental or
molher's
[ 1013

IABLE v B

tftects of Chronic tuxposure of Monkeys to PCBs

Dosage

0, 2.5 0r 5.0 ppm tor
~16 monlhs

0, 2.50r 50 ppm

0 or 5.0 ppm tor
~16 months

0.5 0or V.0 ppm
3 times weekly
for ~16.6 months

0.025, 0.25 or
1.0 ppm

Nothers exposed to
PCBs & months before
to gestalton through
gestation and 3 ¢
months of nursing

Molhers removed from
exposure to PCBs tor
22 -84 weeks before
conception

Duratton
of Study

~39.6 months

~16 months
Total Intake
90 or 180 ppm
by females In
6 months

~16.6 months
Total intake -B
or 16 mg after
1 months

.

Up to infant
age of 24
months

Animal bftects

Males (5.0 ppm level only): moderate
erylthemd and perforbital edema.
femdles: more severe skin lestons
{alopecia, dune), extreme welghtl Joss,
Vereqular menstrual cycle length, de
pressed serum progesterone. Consider -
able improvemeni after | year recoveiy
perilod.

Skin leslons as above; 15% weight loss
In females. MNorma) hematograms. After
b months: serum total Viplds reduced,
shift Yn A/G ratto, elevated SGPY.
Benstrual cycles lengthened. Serum
progesterone and estradiol reduced.
Aftter 12 months, serum cholesterol and
triglyceride reduced.

No irregularities in menstrual cycle,
or serum esiradiol}, progesterone or
reproductilon success. Infants sma)ler,
skin hyperpigmentaled.

No abnormaitties of clindcal, gross or
reproductive parametlers in adults.

1.0 ppm: Infantls born in the 1.0 ppm
group were significantly smaller than
controls.

Significantly Increased locomotor be
havior (hyperactivily). Significantly
1elarded learning ability.

Mothers exposed to >2.5 mg/kq: hyper -
aclivity.

Reterence

Barsotty and
Allen, 1914

Barsottd,

et al., 1976,
Allen el al.
19190,

Barsolt) and
van MY ) ler,
1964

Bowman et 4l
1978, 198)
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Straln

Rhesus

Rhesus

Cyno-
mo lyus

Cyno
o lgus

Sex/No.

N/3/4roup

W/4.-5/qroup

n/6

/74

/1

Source of PCBs

Vehicle

1.4,3' .4 - or
2,5,2'.,5' -
tetra-(d

Control

3,4, .4 ur
2.5,2',5"-
telra-C8

Aroclor 1242

Aroclor 1242

Aroclor 1254

P -KC-4008
v.-pcab

PY-PCR¢

control

dlet

diel

diet

corn ol l,
gelatin,
apple juice

ollive ol
tn banand

IABit V-8 {cont.)

Posage

3 ppm {days | 22)
recuced o 1 ppm
(days 23 49) reduced
to 0.1 ppm (from day
50). tor one animal
elevaled to | ppm
{from day 104)

) ppm for 38 days
or 131 days, then
contivl diet

) ppm for 11) days
5 mg/kg additional
2 months

0., 3, 10, 130 or
100 ppm diet

0, 100, 100 or
400 mqg/kyg buw/day,
3 days/week

5 mg/monkey/day
5 or 10 my/
monkey/day

5 mg/monkey/day
NA

Al) ahove treal

mentls glven &
days/week

Duration
of Study

Up to 215 days

~190 days

Up to 245 days

Up ta 238 days

20 wecks

Animal Ltfecls

Mortality of all three by day 215 In
3,4,3',4" tletra CB exposed groups:
emaclation, skin leslons, nal) bed
hyperplasia, loss of natls, thymus
alrophy, gasiric lestons as described
(Allen, 1905). 2.5,2',5% -tetra (B:
no signs of toxicity, no gross or
histologic leslons.

| deaih: necropsy findings as above.
Others: squamous melaplasm of sebdc -
eous glands.

Mo evidence of toxicity.

Al) PCB -exposed monkeys: palpebral
swelling, erythemla; welight loss, rough
halr coal, reduced Hb, leukocytos)s.
Mortality of 4/6 by day 245. Gastric
Yestons: hypertirophic gastsric mucosa
consisling of elongated hyperplasiic
glands, destruction of parielal and
rymogenic cells. Only specific regton
along greater curvature aftected.

Lost Fingernatls, fetal toxicity. Sub-
stanitally reduced anlibody produciion
to SRBC antiyen.

Death of 10 mg Y-PCB dosed monkeys by

8 weeks. Welght loss of P KC 400 and

5 mg Y PCB-dosed monkeys. Y PCB dosed:
alopecia, acne, hyperpigmentation, per)
orbital edema. Al) treatments: reduced
antibody production o SRBC. Histopath-
ology Y-PCB: enlarged hepatocyles with
enlarged SER, focal necrosis, blle ducl
proliferation. Dilated renal tubules
wilh casts, epliheltal vatvoles. Med
bomtan cysls, skin hyperkeratos)s.
Histopathology P KC 400 and PY PCB:
Jestons In liver, kidney 4s above, but
more mild. Pertorbita) skin: no lestons.

Reference

McNulty

el al., V980

Becker et al |

1919

Iruelove
el al 1982

Hor) et al.,
1982
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T1ABLE vV 8 (cont )

Duration
Stidin Sex/Nu. Source of P(Bs Vehicle Bosage of Study Animal Ftfecls Reterence
Rhesus N6 ‘pCB*" sdldd ot} 0 or 0.5 my/ky bw Up to 5 months Symploms of il treated animals sim Ohntshl and
in bandna (19.2-253.6 mg) har: 11.3% welght loss, partial Kohno, 1919
dlopecia, palpebral edema, acneform
t/6 “PCH with PCDL" diel 2.5 ppm bw PCOI eruplions, squamous metaplasia of

me\bomian glands.

4P K(C -400 - Kanechlor 400 with PCDis removed
by PCB was prepared trom Kanechlor 400, contained -400 ppm PCOE s
CPY PCB . Y-PLB with PCDis removed

MA - Mol avallable
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1ABLE Vv 9

Ettects of Chronic Ora) Exposure of Other Specles to PCBs

Strain Sex/Mo. Source of PCBs Vehicle Dosage Schedule
nink/ LAFAL Aroclor 1242 diet 0, 5 10, 20 or 40
Paste) ppm

Aroclor 1016 diet 0 or 20 ppm
Rink/NR /) or 8/ Aroclor 1016, diet 0 or 2 ppm

gt oup Aroclor 122%,
Aroclor 1242 or
Aroclor 1254

Duration
of Study

Animal Ltfects

8 months

10 months

Aroclor 1242 at 5 or 10 ppm: completle
reproductive fFallure. Mortality of a1)
sink on >20 ppa.

Aroclor 1016 (20 ppm): death of 3/12 (25%)
of females. MNecropsy: emaclation, complele
absence of body fat, gasiric ulceration,
reproductive performances reduced.

Aroclor 1254: Interference with reproduc -
tlon. A1) Aroclors tested: no significant
differences In body welight galn, hewmo-
globin, PCY. Aroclor 1016 {200 ppm): no
effect on reproductive parametlers, kit
grouwih, and adult and kit mortality.

MR - Mol reported

References

Bleaving el a4l ,

1980

Aulerich and
Ringer, 197)



it is read!iy apparent that the toxictty of PCB congeners s dependen:
on the degree and positioning of chiorine on the biphenyl molecule. From a
5 week exposure study Blocca et al. (1981) determined the toxic potential of
vartous hexachlorinated biphenyl isomers in mice and ranked them relative to
their toxic potency: 3,4,5-sym-hexa-CB >> 2,4,6-sym-hexa-C8 > 2,4 ,5-sym-
hexa-CB > 2,3,b-sym-hexa-CB. Blocca et al. (1981) also reported the same
ranking for the reiative persistence of the hexa-CB tisomers, with
3,4,5-sym-hexa-CB nhaving the highest levels In adipose tissue and liver.
Another example of a structure-toxicity relationship for PCBs Ys reported in
the study by McNulty et al. (1980). Administration of a diet containing
0.3-3.0 ppm 3,3',4,4'-tetra-CB caused chloracne, weight loss and death in
rhesus monkeys in 1-6 months, while similar feeding of 2,2',5,5'-tetra-CB
produced no clinical or pathologic lesions. Toxicity appears to be related

to the ability of the congener to bind to a receptor and initiate subsequent

genetic expression resulting in plelotrophic responses (Poland and Knutson,

1982) .

Species differences in sensitivity to PCB toxicity have been identified
in chronic exposure studies. The monkey appears to be more sensitive to
PCBs than rodents. Sprague-Dawley rats did not exhibit excessive mortality
when exposed to 100 ppm dietary levels of Aroclor 1248 for 65 weeks; how-
ever, rhesus monkeys fed diets containing 25, 5 and 2.5 ppm produced morbid-
ity and mortality after consuming these dlets for 2 months and <18 months,
respectively (Allen and Abrahamson, 1979; Allen et al., 1974b; Barsotti et
al., 1976). In addition, the mink appears to be one of the more susceptibie
species to PCB toxicity. Studies have shown that as little as 2 ppm Aroclor
1254 1n the diet for 10 months resulted in complete reproductive fallyre

{Aulerich and Ringer, 1977). A subsequent study indicated that the mink was

02360 v-37 04/07/88



more sensitive to Dboth Aroclor 1016 and 1242 than the genetically simiiar

ferret (B]eavms et al., 1980). The reason for the apparent large vartation
in spectes sensitivity to PCBs has not been elucidated but cannot be fully

accounted for by a d\fference in the rate of PCB metaboltsm.

Although many responses reported in animals exposed to PCBs are highly
species-specific, there 1s a similarity in the toxic responses produced by

PCBs and other halogenated aromatic hydrocarbons (HAHs) (Poland and Knutson,

1982) .

Hepatic System -- As with acute and subchronic exposure to PCBs,
chronic exposure commonly produced hepatoxicity. Several reviews mentioned
at the beginning of this section are recommended for a general discussion of
PCB-induced hepatotoxicity. Hepatomegaly has been reported in male rats and
to 3 lesser extent in the livers of female rats .exposed to 20, 100, 500 or
1000 ppm Aroclor 1260 in the diet or 20, 100 or 500 ppm Aroclor 1254 in the
diet for 8 months (Kimbrough et al., 1972). Grossly, the livers were soft
and discclored and nodules were seen in a number of livers. Sprague-Dawley
rats fed diets containing 100 ppm Aroclors 1248, 1254 or 1262 in the diet
for 52 weeks were reported to have livers as much as 3 times the normal
size. In addition, focal degeneration and necrosis were evident (Allen et
al., 1976; Allen and Abrahamson, 1979). Discoloration from congestion was
also noted in livers of rats treated with 75 or 150 ppm of Aroclor 1242 in

the diet for 36 weeks (Jonsson et al., 1981).

Two studies using rats, one employing dietary incorporation of Aroclor
1260 or 1254 (Kimbrough et al., 1972) and the other Aroclor 1242 (Jonsson et

al., 1981) described the microscopic and ultramicroscopic changes that
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occurred with dietdry exposure to tnese commercial PCB mixtures. Sotn
studies confirmed that the enlargement in livers of PCB-exposed animals was
in part due to hypertrophy of individual hepatocytes. Other findings
tncluded focal necrosis, hepatocytic regeneration, mitoses and multinucleate
cells, cytoplasmic vacuolization and iron deposits in perivascular macro-

phages, Kupfer cells and hepatocytes.

Ito et al. (1973) exposed male dd mice for 32 weeks to 100, 250 or 500
ppm Xanechlor 300, 400 or 500 in the diet. They reported hepatomegaly, oval
cell formation and bile duct proliferation with increasing incidence appar-
ently related to the degree of chlorination of the Kanechlors. Amyloidosis
occurred with a greater incidence when smaller doses of less heavily chlori-
nated Kanechlors were fed in the diet. Kimbrough and Linder (1974) reported
hepatopathology in male BALB/C] mice fed 300 ppm Aroclor 1254 in the diet

for & or 11 months but made no mention of amyloidosis.

Exposure of animals to pure PCB congeners elicited similar signs of
hepatotoxicity. The 2,4,5,2',4' .5 -hexa-(C8; 2,4,6,2',4' ,6'-hexa-(8;
2,3,5,2',3',5' -hexa-CB and 2,3,4,5,2',3',4',5'-0cta-CB congeners produced
alterations in rat 1livers detectable by conventional histopathological
procedures; these included hepatocytes with vacuolated cytoplasm and foca)

necrosis (Hansell and Ecobichon, 1974).

Hypertrophy of individual hepatocytes has been shown to be due to an
increase in the smooth endoplasmic reticulum (Allen and Abrahamson, 1973;
Hansell and Ecobichon, 1974; Jonsson et al., 1981; Kimbrough et al., 1972).
Ulﬁd-contaﬁning vacuoles were also aJbserved in these studies with concen-

trically arranged membranes surrounding the 1ipid-containing vacuoles.
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Koller and Zinkl (13973) administereqd 0 or 300 mg Aroclor 1221, 1242 or 1254

by stomach tube, once weekly for 14 weeks, to New Zealand White rabbits ang

reported similar ultrastructural alterattons 'n livers from Aroclor 1254-

treated and to a lesser extent from Aroclor 1242-treated animals. Livers

from Aroclor 1221-exposed animals did not differ from those of controls.

Porphyria, evidenced by UV fluorescence, occurred frequently in PCB-

treated rats. Fluorescence was most pronounced in the Tiver, with occa-

sional fluorescence of bone, serum or urine or both {Kimbrough et al., 1972).

Persistent blochemical alterations including elevations of N-demethylase
and nitroreductase activities and reduction 1in glucose 6-phosphatase
activity were demonstrated in male Sprague-Dawley rats exposed to diets
contatning up to 100 ppm Aroclor 1248, 1254 or 1262 for 1 year (Allen and
Abrahamson, 1979). Partial (70%) hepatectomy .was performed periodically
throughout the exposure. At the end of 52 weeks, animals were put on a
control diet for 13 weeks before being killed for final examination. Ratios
of hepatic protein/DNA and RNA/DNA remained elevated throughout the 52-week
exposure period to any of the three Aroclors tested. Levels returned to
near control levels by 65 weeks. Liver 1ipids Increased throughout the
52-week exposure period but had decreased toward control levels after 13
weeks on a control diet. Aroclor 1248 produced the highest 1ipid content

following 52 weeks of exposure, while exposure to Aroclor 1262 had the least

effect.

Skin -- Skin leslons are a species-specific symptom of PCB exposure.

Skin lesions were first reported in mice exposed to | mg of an unidentif'ed

“CPB" (Nishizum', 1970). The lesions were eczematous and ulcerative about
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the head and muzzle. Another study (Bell, 1983) reported inittal les‘ons

consisting of _thﬁckenﬂng and erythema of the pinna in mice exposed to a 200

ppm Aroclor 1254 diet.

As in the case with acute exposure to PCBs, monkeys exhibit skin lestons
when exposed chronically to PCBs. Male rhesus monkeys exposed to 3, 10, 30
or 100 ppm Aroclor 1242 diet for up to 245 days exhibited palpebral swelling
and erythema. Simiiar toxicity was observed in male and female rhesus
monkeys fed diets containing 2.5 and 5.0 ppm Aroclor 1248 for 18 months.
The females had more severe skin lesions such as alopecia and chloracne

(Barsotti et al. 1976).

These same leslons, however, were produced in animals exposed to PCBs
devoid of PCDfs. When rhesus monkeys were exposed to 3,3'.4,4'_-tetra-C8
(PCDFs <1 ppm) in the diet, large-scale mortality followed. The skin
lesions consisted of squamous metaplasia of sebaceous glands and cystic
formation in the eyelids. Nail beds were hyperkeratotic leading to shorten-
tng or loss of naills (McNulty et al., 1980). In this same report, other
monkeys exposed to 3,3',4,4'-tetra-CB were allowed to recover from PCB
exposure for 76 days at which time the animals exhibited normal regeneration
of the skin. In a study with cynomolgus monkeys, Hori et al. (1982) found

that PCBs devoid of PCDFs did not produce typical skin lesions.

Immune System -- Chronic studies using rhesus monkeys have indicated

an apparent effect of PCBs on the immune system. McNulty et al. (1980)
found that 3,3',4,4'-tetra-CB produced thymus regression. In another non-
human primate study utilizing PCB mixtures with or without PCDFs, Horl et

al. (1982) found that all compounds tested depressed immunocompetency as
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evaluated by titers developed against sheep red blood cells. There appeared

to be no difference in immunotoxicity between PCBs with or without PCOFs.

Gastrointestinal System -- Rats exposed to O, 25, 50 or 100 ppm of

Aroclor 1254 of diet for 2 years developed intestinal metaplasia or
adenocarcinoma at the incidences of 3/47 (6.4%), 5/48 (10.4X), 8/48 {16.7%)
and 17748 (35.4%) in the control, low-, medium- and high-dose groups,
respectively. There appeared to be no differences in incidence between

sexes, and incidence appeared to be dose-related (Morgan et al. 1981).

Nonhuman primates were susceptible to gastric lestons upon PCB exposure.
Becker et al. (1979) exposed male rhesus monkeys to 0, 3, 10, 30 or 100 ppm
Aroclor 1242 1in the diet for up to 245 days. Gastric Testons in exposed
subjects included hypertrophic gastric mucosa consisting of elongated hyper-
plastic glands with destruction of parietal and z.quenic cells. In a study
empioying 3,3',4,4'-tetra-CB in the diet of rhesus monkeys, McNulty et al.
(1980) found at necropsy that the gastric mucosa was severely disrupted, and

large mucus cysts and loss of parietal and zymogenic cells developed.

Urinary System -- fFew reparts exist on the urtnary system as a target

for PCB toxicity. One study in nonhuman primates that empioyed PC8 mixtures
with or without PCDFs found that kidneys were enlarged because of dilated
renal tubules. The tubular epitheltal cells were enlarged and vacuolated.
Kidney tubules contained casts. These microscopic changes were present in

a1l experimental animals studied (Hort et al., 1982).

Other Observations -- A large number of observations and determina-

tions have been recorded in animals exposed to PCBs tncluding gross changes,
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alterations in body weights, hematologic, urinalysis and clinical chemistry

parameters.

Male Sprague-Dawley rats were fed diets containing 100 ppm Aroclor 1248,
1254 or 1262 for 52 weeks (Allen et al., 1976; Allen and Abrahamson, 1979).
Observations continued for 13 weeks following treatment. Appearance,
appetite and weight gain were normal in all rats throughout the study.
Hematologic parameters and serum protein and albumin/globulin ratio remained
normal. Total serum 1ipids and cholesterol remained elevated throughout the
52-week experimental period and serum cholesterol re-a;ned elevated 13 weeks
after exposure was terminated. Serum triglycerides from all treatment

groups ranged from 20-40% below control levels.

Morgan et al. (1981) reported on the toxicity of feeding diets contain-
ing Aroclor 1254 to male and female Fl44 rats for 2 years. Rats were
exposed to levels of 0, 25, 50 or 100 ppm of Aroclor 1254 in the diet.
Mortality occurred in 8 and 33, 17 and 21, 42 and 17, and S4 and 29X of the
males and females, respectively, in these respective groups. Mean final
body weight of all treatment groups were lower than the body weight of the
control groups with the exception of the low-dose group males. Beginning at
72 weeks for the high-dose group and 104 weeks for the medium-dose group
rats, alopecia, facia) edema, exophthalamos, cyanosis and amber colored

urine became noticeable.

Long-term studies in nonhuman primates have provided informatlon on a
variety of alterations in clinical parameters. Clinical determinations in
rhesus monkeys (Barsotti et al., 1976; Allen et al., 1979a; Barsotti, 1981)
after 16 months of exposure to 2.5 and 5.0 ppm Aroclor 1248 in the dtet
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indicated normal hematograms. Six months of expaosyre resulted in reduced
total 1ipids, elevated SGPT, and a shift in the albumin/globulin ratio.
Serum cholesterol and triglyceride were also reduced after 12 months of

exposure.

In another 1laboratory, Becker et al. (1979) exposed six male rhesus
monkeys to levels of 3, 10, 30 or 100 ppm Aroclor 1242 in the diet for up to
245 days. Mortality of all monkeys exposed to >10 ppm In the diet occurred
by day 245. A1l exposed monkeys exhibited palpebral swelling and erythema,

weight loss, rough hatr coat, reduced hemoglobin and leukocytosis.

McNulty et al. (1980) also investigated the relative toxicity of
3,4,3',4'-tetra-CB; 2,5,2',5'-tetra-C8 and Aroclor 1242. Groups of male
rhesus monkeys were exposed to 3 ppm of 3,4,3',4'-tetra-CB or 2,5,2',5'-
tetra-CB in the diet or a diet without added PCBs (control). The dosages
were reduced to 1 ppm and again to 0.3 ppm because of rapidly developing
morbidity in the three monkeys exposed to 3,4,3',4'-tetra-CB. Mortality of
two subjects in this group had occurred by day 62. Mortality of the third
subject on day 215 terminated this experiment. Necropsy revealed severe
emaciation with a total absence of adipose tissue. In a second experiment,
groups of young male rhesus monkeys were given diets containing 1 ppm of
3,4,3',4' -tetra-C8, 2,5,2',5'-tetra-CB or Aroclor 1242 in the diet (McNulty
et al., 1980). At the end of the 133-day trial, all control animals, those
exposed to 2,5,2',5'-tetra-C8 and those exposed to Aroclor 1242 appeared
normal. One of the 3,3',4,4'-tetra-CB subjects died on day 33. Ffindings

upon necropsy examination of 3,3',4,4'-tetra-CB-treated animals were simtilar

to those reported above.
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As mentioned previously, minks are sensitive to Pcé intoxication. A
study (Aulerich 3and Ringer, 1977) indicated that 2 ppm of Aroclor 1016,
1221, 1242 or 1254 in the diet had no effect on body weight gain, hemoglobin
or hematocrit in mink. In another study (Bleavins et al., 1980) Aroclor
1242 and 1016 were fed to male and female pastel mink for ~8 months.
Aroclor 1242 was fed at 0, 5, 10, 20 or 40 ppm in the dlet and Aroclor 1016
was fed at O or 20 ppm in the dlet. Aroclor 1242 at levels >20 ppm in the
diet resulted in 100% mortality. Aroclor 1016 at 20 ppm in the dlet result-
ed in mortality of 25% (3/12) of the females exposed. Necropsy revealed

emaciation, an almost complete absence of body fat and gastric ulceration.

Koller and Zinkl (1973) administered 300 ppm Aroclor 1221, 1242 or 1254
by stomach tube, once weekly for 14 weeks, to New Zealand White rabbits.
Blood samples were taken every 2 weeks from the five males and five females
in each group for determination of blood chemistries. After 2 weeks SGPT
and SGOT levels were elevated in Aroclor 1254-treated males. Females devel-
oped elevated SGPT and SGOT at 4 and 8 weeks, respectively, after exposure.
Aroclor 1221 failed to elevate serum levels of elther enzyme throughout the
study. Total serum protein, protein fraction levels and BUN did not differ
from controls during the study. No hematologic differences were noted
between control and treatment individuals. Serum cholestero)l was elevated

significantly in males treated with Aroclor 1254 as early as 7 weeks.

Oevelopmental and Repr jve Toxicol

Developmental toxicology 1s the study of adverse effects on the develop-
ing organism that may result from exposure prior to conception (either
parent), during prenatal development, or postnatally to the time of sexual

maturation. Adverse developmental effects may be detected at any point in
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the 1ifespan of the organism. The major manifestations of developmental
toxicity 1include: 1) death of the developing organism, 2) structural
abnormality, 3) altered growth, and 4) functional deficiency. Several
studies have investigated the developmental toxicity of varilous mixtures of
PCBs. Little evidence of gross abnormaltties was found. Most reports deal

with the developmental toxicity potential of PCBs and their ability to
interfere with expected levels of fertility in many mammalian species. The

more pertinent studies are summarized tn Table V-1Q.

Rats. One of the first reports (Villeneuve et al., 1971a) examined
the developmental toiicity of Aroclor 1254 in the Wistar rat. Aroclor 1254
in corn o011 at doses up to 100 mg/kg bw/day was administered on days 6-15 of
pregnancy to Wistar rats. This exposure fatled to produce maternal toxicity
(evaluated as body weight gain, fertility and 11tter size) or developmental
toxicity (evaluated as number of Ilitters, airera'ge Titter size, resorption
sttes/1itter, average litter weight, skeletal or visceral abnormaltties).
Exposure did result in a significant decrease in average fetal weight, but
since the tatal number of fetuses per litter was increased, there was no

effect on total 1itter weight.

Spencer (1982) investigated the reproductive toxicity of Aroclor 1254 in
female Sprague-Dawley rats. Rats were fed dlets containing Aroclor 1254 at
levels up to 900 ppm diet from days 6-15 of pregnancy. Dietary levels of
300, 600 or 900 ppm led to a significant reduction in datly feed intake. No
effect on the number of implantations was observed on days 6 or 12 of preg-
nancy. Average fetal weight/litter at birth was signtficantly reduced at
dietary levels of >100 ppm. Fetal taxicity in the 600 and 900 ppm dosage

groups precluded this measurement. Percentage iive births/1tter was
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TASLE V-0

Summary: Teratogenelic, Feloloxic and loproducllvi Effecis of Orally Administered PCls

Species/ Dosage Leve) and
Straln Source of PCBs Suration of Irealment Materna) Responss Pregeny Responss Reference
Rabbit Araclor 1254 8, 1.0, 0.0, 12.5, 25.0, Bote 225 ag/kg bw: maler- 212.5 mg/kg bu/day: fetal death, Villensuve ol al_,
50 ng/kg bu/day on days 1-28 ad) death, welght less; resorplions, aboritons. 1971,
of pragrancy; 25 mg/kg du/day 210.0 mg/kg bu: hepato-
on days 7-20 of pregaancy megaly; 25 mg/kg bw days
7-28: reduced rate of gala.
RatMistar Arocler 1254 0, 6.25, 12.5, 25.0, 56, Hone repertied None reperted
100 mg/kg du/day on days
6-15 of gestation
Ral/Sherman Arocler 1254 6, 1, 6, 20, 100, 500 ppm Nons reporied Iu 500 ppm: reduced Vilter sige; Linder ot al.,
dlel frem -4 weeks of age ] r-: reduced 1itter size; 4
te terminattion of - or Fyp 100 ppm: reduced swvival at
2-generation study wedning; 20, 100 ppm: reduced
tter slze;
Faa 100 ppm: veduced lilter size
n’ reduced suwrvival 2l weaning;
20 'sz reduced Yitter stae;
f » 100 ppm: reduced Vitter
size
Arecler 1260 e, 5, 26, 100, 500 ppm None reperied Fya SO0 ppm: reduced tiiter stze
diot from 3-4 weeks of age n’ reduced swrvival al weaning.
lo tormtnation of V- or f1p 500 ppa: reduced Yiier 3hze.
2-generation study
Arecler 1254 0, 18, 58, 108 my/kg bu/day Nene reperied F1 108 eg/kg du/day: reduced Vitler
dosed on days 7-15 of shae.
gestation
Rat/Sprague- Areclor 1254 0, 25, 50, 100, 200, 08, 2600 ppm: partia) 2300 ppm: felal desid at delivery. Speacer, 1982
Bawley 600, 900 ppm diet/day on anerexis and wolight less. 2100 ppm: reduced 1itter welight.
days 6-15 of pregaancy
Rice/Chy 3,3%,4,48° 5,5 0,0.1,1.0,2.0,4.60,8, 1 >8 ag/ky um‘: reduced >4 q/t' bu/day: feta) morlality, Marks ot a)., 1941
hena-C8 kg bu/day, en days 6-15 rate of gain, Velhargy, reserptions;

88/1.0/%0

22 ag/kg bu/day;: tacreased lacidence
of clefl palate;

24 mg/kg bu/day: tacreased Incldence
of hydronaphrosis;

21 mg/kg du/day: Increased Incidence
of cream colered liver;

21 mg/kg bw/day: Vncreased Vncidence
of uadersized rena) papillae.

of gestation vaginal blesding.
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TARLE ¥-10 {cont.)

Speces/
Strata

Source of PCBs

Dosage Level and
Duration of Treailment

Naternal Response

Progeny Response

Reference

Mice/ddY

Rat/Sprague-
bawley

RatMistar

Rice/NMR]

Nice/COA

Rabbit

Mink

Honkey/
cynomo lgus

Ronkey/
rhetus

Kanechlor 500

Aroclor 1221
1242 or 1260

Aroclor 1254

Clophen AGD
2,2 ,4,48,
5.5 -hexa-Ch

Areclor V22V,
Aroclor 1254

Aroclor 1242

Areclor 1016

Aroclor 1254

Aroclor 1248

Mo lor 1248

»

Aruclor 1006

0, 1.0, 2.0, 3.0, 8.0, 5.0
ng/day/mouse; days 6-15 of
gestation

0 or 30 mg/kg bw, days 14-20
of pregnancy

0 or 70 mg/s drinking water
{6.4 mg/kg buw/day); 9 weeks

0 or 0.025 mg/mouse/day;
12-76 days

0 or 0.5 mg/mouse/day; days
5-11 or 5-10 of pregnancy

0, 1.0 or 10 my/kg bw;
first 20 days of pregaancy

0-40 ppw diet; 6 months

20 ppm diet; 6 months

0. Y00 or 400 ng/kg bw/day;
corttnuous starling at 60
days of pregaancy

0, 2.5 or 5.0 ppm diet;

16 wonths starting & months
pregestational

0, 2.5 or 5.0 ppm diet;
oft treatment for | year

0.025, 0.25 or 1.0 ppm diet

Nortality o high dose

Mot examined
Nortality at 7 weeks
Lenglhened estrus cycle

Hepatomegaly
None

>10 ppm: significantly
Increasing mortality;
25 ppm: camplete repre-
ductive fatlure;

25% mortaltly, reduced
Fertdlity.

Fingernall less; ‘amuno-
Togic incompetonce.

Facta) edema, cachexia,
halr less, hyperpig-
asntation, lengithened
menstrual cycle

Persistent chloracae

>1.0 mg/mouse/day: clef\ palate

None
fela) resorplion
fetal resorplion
None
None

lncreased mortality; decreased
Titter blomass

Increased prewedning mortality,
decreased body weight by & weeks.

Fela) mortaltity; ‘amunologic
incompetence.

Fota) death, \afant Factal and eye-

11d edema, loss of facta) hatr,
facia) hyperpigmentation, gastrsic

hyperplasia and vositing, Jymphotd

degeneralion, hypocellular bone
marrow, fattly liver.

Reduced neonata) welght, hyper-
pigmentattion, hyperactivity,
retarded learning adbiltily.

Infants bora 1o the 1.0 ppm diet
group were significantly smaller
than controls.

Matanabe and
Sugahara, 198)

Gellert and
¥ilson, 1979

Baker et al., 191}

Orberg and
Kinlstrom, 1973

Ratison et a).,
1901

Villensuve et a).,
1971b

Bleavins ot al.,
1900

Truelove el al.,
1982

Barsottl, el al.,
1976; Allen

el a)., 197%,
1980

Barsottt and
van Niller, 1904

NA - Nul applicable




significantly depressed at the 300 and 600 ppm level. There were no live
deliveries at the 900 ppm level.

Baker et al. (1977) administered Aroclor 1254 to Wistar rats through
drinking water to study the toxicokinetics of this commercial mixture of
PCBs. Drinking water contained 70 ppm Aroclor 1254 emuylsified with 0.15%
Tween 80. Daitly Aroclor 1254 consumption was 6.4 mg/kg bw for 9 weeks.
Fetal resorption and increased maternal mortality were reported during this

exposure.

An extensive study on reproductive effects of PCBs in rats was performed
by Linder et al. (1974). In a l-generation study, pathogen-free female
Sherman rats were fed diets containing either Aroclor 1254 or Aroclor 1260
at levels of 100 or 500 ppm starting at 3-4 weeks of age and terminating

exposure after the weaning of the F._ 1itter. Aroclor 1254 at the 500 ppm

b
level resulted in reduction of the number of litters born, and litter size
was reduced. Aroclor 1260 appeared to cause a significant decrease in
litter size in Fh rats at the 500 ppm level. F]a survival was also
significantly reduced at the 500 ppm level. Aroclor 1260 failed to produce
evidence of reproductive toxicity at a level of 100 ppm. Simiilarly, in the
2-generation study in which pathogen-free male and female Sherman rats were
fed diet levels of up to 100 ppm Aroclor 1254 or Aroclor 1260, FZa Titters
were reduced in size at the 100 ppm level of Arocior 1254. F2b Titters in
Aroclor 1254-treated animals were reduced in size at both the 20 and 100 ppm
level. These reductions in litter size were significant at the 0.5X confi-
dence level with the exception of the FZa 20 ppm litter, which was signif-
icant at the 5.0% confidence level. Ability of animals to wean was reduced

by Aroclor 1254 in both studies. Survival at weaning was significantly
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reduced in Flb litters at the 100 ppm treatment level in the 1-generation
study. F2a ‘Htters also experienced a significant decrease in percent
survival at weaning at the 100 ppm treatment level. Dietary levels of 5 ppm
Aroclor 1250 and 100 ppm Aroclor 1260 had no effect on reproduction in rats

exposed through two generations.

In a postimplantation exposure study, 100-day-old stock rats were
treated with Aroclor 1254 in peanut otl by gavage at levels of 0, 10, 50 and
100 mg/kg bw/day on days 7-15 of gestation. A reduction In pup survival was
observed only at the 100 mg/kg bw/day level (Linder et al., 1974). Repro-
duction and pup survival were not affected following exposure to 10 or 50 mg
Aroclor 1254/kg bw/day or 100 mg Aroclor 1260/kg bw/day on days 7-15 of
gestation (Linder et al., 1974).

Using a low level (30 mg/kg bw) of Aroclors 1221, 1242 and 1260 and
various chlorinated pesticides, Gellert and Wilson (1979) investigated the
effects of prenatal exposure on reproductive functions of F] males and
females. Speculating that PCBs may have estrogenic qualities that could be
expected to interfere with subsequent reproduction, Sprague-Dawley rats were
treated by gavage on days 14-20 of pregnancy. At 6 months of age, F]
females were examined for persistent vaginal estrus and anovulation, indi-
cators of prenata) exposure to estrogenic substances. Although no signifi-
cant increase in these parameters was found, the incidence seemed to be
inversely related to the degree of chlorine saturation of the Aroclor

tested. Male F. rats at 6 months of age were mated with known stock

1
breeder females and then necropsied. The offspring were normal, and exami-

nation of adrenals, testes, epididymus and ventral prostates of the F1

males revealed no lesions.
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Dikshith et al. (1975) examitned the effects of A;'oclor 1254 on rat
testis. Mature male Sprague-Dawley rats were treated by gavage for 7
consecutive days with 50 mg/kg bw Aroclor 1254. At the end of the 7-day
treatment period, the rats were allowed a period of recovery. No signs of
morbidity were observed. Necropsy examinatlons were performed on three rats
from each group on days 1, 7, 15 and 30 days of recovery. The body weight
of rats examined by necropsy at 30 days was significantly reduced compared
with controls. Testicular and epididymal size and histological features
were normal in treated rats with the exception of‘ a2 slight increase in

testicular interestitial tissue with Increased acid phosphatase activity.

One recent study on early postnatally-administered PCBs to male rats was
under taken to determine effects on thelr subsequent reproductive performance
(Sager, 1983). Dams received 8, 32 or 64 mg/kg bw Aroclor 1254 by gavage on
days 1-3, 5, 7 and 9 of lactation. At 130 days of age, 3 or 4 males from
each treatment group were randomly selected for observation of mating
behavior and fertility. PCB treatment at all levels tested interfered with
mating behavior and fertility as evidenced by a reduction in numbers of
females mpretjnatec. Testicular weights were signtficantly increased in the
32 and 64 mg/kg groups. Testiculomegaly and subnormal development of
accessory sex glands was taken as evidence that PCBs administered in the

early postnatal perlod interfered with circulating levels of androgens.

Mice. A commercial mixture of PCBs, Kanechlor 500, Induced formation

of cleft palate in mice (Matanabe and Sugahara, 1981). Pregnant ddY strain
mice were injected daily on days 6 through 15 of gestation with PCB at 1.0,
2.0, 3.0, 4.0 or 5.0 mg/mouse/day. Maternal mortality was increased in the

nighest dose group. The incidence of cleft palate in live fetuses was
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significant and dose-related. Additional experiments uere' performed on two
other groups of mice. One group received 5 mg/day Kanechlor 500 on days
6-10 of gestation (25 mg total), and one group received 10 doses of 5 mg
Kanechlor 500/day before mating (50 mg total) and an additional 10 daily
doses during days 6-15 of gestation (100 mg total). Severe mortality was
observed in the 100 mg group. The occurrence of resorbed or dead fetuses
and cleft palate increased with the amount of PCBs received. Five instances
of brachydactyly, four of syndactyly and one of cleft 1ip 1n PCB-treated
fetuses were reported (Watanabe and Sugahara, 1981).

Using a low chlorinated PCB, 2,2'-d1-CB, Torok (1978) reported an
jncrease in fetal resorption and retardation of fetal development. Pregnant
NMRI mice were dosed orally with 375, 500 or 750 mg/kg of this PCB daily for
3 days following appearance of the vaginal plug. Similarly, another group
was dosed orally with 250 mg PCB/kg/day for 6.days. The author reported
that the 375 mg/kg dose increased fetal resorptions and that doses >500
mg/kg caused delayed implantations.

In a study designed to evaluate the effects of the specific PCB 1somer,
2,2',4,4',5,5'-hexa-CB, Mattson et al. (1981) were unable to increase fetal
resorption in CBA mice mated syngeneically to CBA or allogenically to NMRI
male mice. Animals were treated with hexa-Cd at the level of 0.5 mg daily
for either days 5-11 or 5-18 of gestation. All mice were killed the day
following the last treatment except for five control and five treated mice
from the second trial, which were allowed to give birth to permit examina-

tion of offspring. Treatment with PCB at this level did not result 1In

significant tncrease in fetal resorption.
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Marks et al. (1981) clearly demonstrated gross maiformations in CD-1
mice resulting from treatment with 3,3',4,4',5,5'-hexa-CB. This 1somer was
chosen for these studies because 1t was found to be more toxic and more
read)ly bloaccumulated, and to have a more pronounced toxic effect on 1iver,
thymus and spleen than other isomers tested (Blocca et al., 1981). Pregnant
mice were administered 0.1-16 mg/kg bw/day hexa-CB by gavage from day 6
through day 15 of gestation. Although no deaths occurred in exposed dams,
lethargy dand vaginal bleeding were observed in da_ns exposed to >8 mg/kg
bw/day. Dams 1in the 8 and 16 mg/kg bw/day groups suffered a significant
reduction in weight gain. Average numbers of 1live fetuses/dan in the PCB
groups demonstrated a significant reduction in a dose-related fashion at
doses >4 mg/kg bw/day. The average number of implants was reduced in the 8
mg/kg bw/day group and fetal resorptions were increased in the 8 and 16
mg/kg bw/day groups. A significant dose-related increase in the -incidence
of cleft palate occurred in groups dosed at. >2 mg/kg bw/day. An 1increased

incidence of hydronephrosis was also found to be dose-related.

In an effort to demonstrate that PCBs may induce microsomal hydroxylat-
ing enzymes that catalyze the breakdown of sterold hormones, Orberg and
Kihlstrom (1973) investigated the ability of Clophen A-60 to affect repro-
duction in mice. NMRI strain sexually mature femile mice were fed 0.025
mg/day Clophen A-60 for 72-76 days. Clophen A-60 was found to lengthen the

estrus cycle and to reduce the rate of nidation.

Orberg (1977) failed to demonstrate any effect of pre- and postnatally-
administered PCBs on the reproductive performance of mice. 2,4',5-Tri-CB or
2,2',4,4',5,5 -hexa-CB was fed at levels of 0.05 mg/day from day 5 of preg-

nancy to weaning at postpartum day 22 to NMRI strain mice. The males and
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females exposed to PCBs in utero and by lactation were mated. No signifi-

cant differences were found In conception rates and litter size.

Orberg (1978) further 1investigated the effects of 2,4',5-tri-CB and
2,2',4,4',5,5'-hexa-CB fed at two different dosage levels on reproduction 1n
mice. NMRI mice were treated with 0.05 or 0.5 mg tri-C8/day, or 0.05 or
0.50 mg hexa-CB/day beginning on the first day of vaginal plug and continu-
ing for 6 consecutive days. Animals exposed to the high dose of either con-
gener had significantly lower frequencies of implanted ova than the control
females. Furthermore, the exposures at both levels had no significant
effect on the frequency of pregnancies or the number of implanted ova/preg-

nant female.

Rabbits. Villeneuve et al. (1971a) found rabbits to be sensitive to
Aroclor 1254. In three separate experiments, pregnant rabbits were treated
with Aroclor 1254 at levels up to 50.0 mg/kg bw/day by gavage for the first
28 days of pregnancy. An additional group of four rabbits was treated with
25 mg/kg bw on days 7-28 of pregnancy. OQead fetuées. resorptions and
abortions were increased for groups treated with Aroclor 1254 at doses >12.5
mg/kg bw/day for the first 28 days of pregnincy. Rabblts treated on days
7-28 of pregnancy with 25.0 mg/kg bw experienced fewer dead fetuses, resorp-
tions and abortions than what were observed in 50.0 mg/kg bw/day exposed
animals. Two fetuses from dams in the 12.5 mg/kg bw/day group had subcuta-
neous cephalic hemorrhages and cranial asymmetry. Maternal toxicity was
manifested as death of two dams In the 50.0 mg/kg bw group and one dam in
the 25.0 mg/kg bw group. Other evidence of maternal toxicity consisted of
weight loss in dams recelving 25 or 50 mg/kg bw and hepatomegaly in dams
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receiving 10, 25 or 50 mg/kg bw. Dams treated with 25 mg/kg bw on days 7-28
of pregnancy exhibited decreased weight gain and hepatomegaly.

Another study from the same 1laboratory (Villeneuve et al., 1971b)
reported no evidence of developmental toxicity to orally administered
Aroclor 1221 or 1254 at levels of 1.0 or 10 mg/kg bw in rabbits. Mature
dams were exposed to the Aroclors for the first 28 days of pregnancy.
Nidation, fetal growth and development, litter size and placentation were

all similar to control rabbits.

Other Species. Mink are especially sensitive to the toxic effects of
PCBs. Feeding mink levels of Aroclor 1242 as low as 10 ppm in the diet for
8 months resulted in high mortality, while exposure at 5 ppm caused 25%
mortaiity and reduced fertility of females (Bleavins et al., 1980). By 4
weeks, litters experienced increased mortality agd decreased litter biomass.
No teratogenicity was observed. Reproductive toxicity was related to feto-
toxicity rather than interference with ovulation or Vnidauon because fetal
resorptions were found at all stages of gestation. In another experiment,
dietary exposure to Aroclor 1016 at 20 ppm produced 25% mortality and
reduced reproductive function (Bleavins et al., 1980). Kits nursed by dams
fed Aroclor 1016 at 20 ppm had significantly lower body weight at 4 weeks of
age. In addition, higher kit mortality between birth and 4 weeks of age was

also noted.
Aulerich and Ringer (1977) exposed mink to Aroclor 1254 in the dlet at a

level of 2 ppm (see Table V-9). They observed a reduction in reproductive

function with no apparent maternal toxicity. In another experiment, dietary
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exposure to Aroclor 1016 at 2.0 ppm for 10 months had no efect on reproduc-

tive parameters, kit growth, and adult and kit mortaltty.

A comparison of the developmental toxic effects of Clophen A-50 and
2,2',4,4',5,5'-hexa-CB 1in guinea pigs was performed by Brunstroem et al.
(1982) 1in three separate trials. In the first trial, groups of pregnant
Dunkin Harley guinea pigs were exposed to Clophen A-50 at 2.2 mg/day for
days 16-60 of gestation. Exposed animals received a total dose of 100 mg.
In the second trial, groups of guinea pigs were exposed to a total dose of
25 mg hexa-CB distributed over days 16-60 of gestation. In the third trial,
guinea pigs were exposed to a total of 100 mg hexa-C8 over days 22-60 of
gestation. A1l dams were unaffected by treatment. Significant numbers of
abortions and dead fetuses were found in the Clophen A-50 group. No
abortions occurred in the other treatment or control groups. According to
the authors, the hexa-CB used in these trials gontained <0.5 mg/kg PCOFs.
They suggested that PCBs other than hexa-CB or possibly PCDFs or other
contaminants in Clophen A-50 accounted for the developmental toxicity in

guinea pigs.

Hansen et al. (1975) investigated the effects of PC8s on swine repro-
duction. Sows of mixed breeding were fed rations containing O or 20 ppm
Aroclor 1242 throughout gestation and nursing. This study Indicates that
exposure to Aroclor 1242 apparently reduces the number of 1live pigs

delivered/litter.

Two laboratories reported studies on PCB toxicity in nonhuman primates.

Truelove et al. (1982) dosed 60-day pregnant cynomolgus monkeys with Aroclor
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1254 at 100 or 400 ug/kg bw/day continuously until a termination of preg-
nancy. Honkey_s dosed at the 100 .g/kg bw/day level delivered term, still-
born infants. The monkey dosed at the 400 u.g/kg bw/day level delivered a
1ive infant that subsequently succumbed at 139 days of age to pneumonia.
Maternal toxiclty was evidenced as fingernail loss and impaired immuno-
competence as evaluated by titer developed to tetanus toxoid and sheep

erythrocytes.

A longer-term and more intensive study examined the effects of Aroclor
1248 on reproduction in rhesus monkeys (Barsotty et al., 1976; Allen et al.,
1979b, 1980). Aroclor 1248 was fed to groups of eight mature female monkeys
weighing ~5.6 kg at levels of 2.5 or 5.0 ppm in the d\ﬁt for ~18 months
starting 6 months before breeding to untreated males. On the basis of food
intake, the total Aroclor 1248 intake was calculated to be 270+25 and 498+50
mg for the 2.5 and 5.0 ppm diet groups, respectively. Analysis of this
batch of Aroclor 1248 revealed ~1.7 ppm PCDFs. This would have provided 4.4
and 8.7 ug PCDFs/kg in the 2.5 and 5.0 ppm Aroclor 1248 diets, respec-
tively. Treated females experienced weight loss ind lengthened menstrual
cycles accompanied by altered levels of progesterone and estradiol. Concep-
tions were normal for both groups. Monkeys recelving 2.5 mg/kg delivered
five live infants and experienced three early abortions or fetal resorp-
tions, and only one monkey receiving 5.0 mg/kg delivered a live Infant.
Adult females exhibited signs of toxicity. Live infants had reduced birth
weights and, after 2 months of nursing, exhibited facial edema, hyperpigmen-
tation and hair loss and palpebral edema and acneform leslons more severely

than their mothers. Within the first year, 3 of these 6 infants had died.
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Removing treated monkeys from treatment for 1 year allowed them to
recover body \:le'lght and permitted facial lesions to heal. Menstrual cycles
had returned to normal. These monkeys were then rebred to control males.
No problems in conceptions were encountered. Fyll-term 1ive infants wetghed
less than infants born to control animals. After nursing for 4 months,
infants from previously exposed mothers developed focal areas of hyper-

pigmentation.

Three surviving infant monkeys from the first study (Barsottt and Allen,
1975; Allen and Barsotti, 1976; Allen et al., 1980) were subjected to loco-
motor activity and learning ability tests from 6-24 months of age (Bowman
and Heironomus, 1981). These animals were infants of dams exposed to diets
containing 2.5 ppm Aroclor 1248 for at least 6 months before breeding,
through gestation and 3 months of nursing. All PCB-exposed Infant monkeys
exhibited hyperactivity and retarded learning ability when compared with
offspring (4) of control females. Hyperactivity continued to increase with
increasing age. These same three PCB-exposed monkeys and 3/4 control
monkeys were retested for hyperactivity at 44 mnth§ of age. At this time
the three PCB-exposed monkeys showed significant hypoactivity when compared

with the controls.

After the original females had been removed from Aroclor 1248-containing
diets for periods of 6-18 months, they were rebred (Bowman and Heironomus,
1981). No further exposure to P(Bs was allowed. Infants from these females

also showed hyperactivity when subjected to testing at 12 months of age.
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In another study (Allen et al., 1979b), exposure of eight female monkeys
to 0.5 or 1.0 ppm of Aroclor 1248 in the diet 3 times weekly for 7 months
resulted fin t‘otal intakes of ~8 or 16 ppm of Aroclor 1248 (see Table v-8).
These animals showed no irregularities of menstrual cycle or alterations in
serum estradiol or progesterone, and had normal fertility when bred. This
exposure produced some fetal loss, infant birth weights were reduced and

nursing infants developed focal areas of hyperpigmentation.

Subsequently, 24 adult female monkeys were exposed to diets containing
0.025, 0.25 or 1.0 ppm Aroclor 1016 (Barsotti and van Miller, 1984). After
consuming the PCB diets for b months, the animals were bred in the 7th month
of the experiment. Animals continued consuming PCB diets throughout gesta-
tion and 4 months of nursing. The author reported observing no abnormall-
ties of clintcal, gross or reproductive parameters. Infants from females

exposed to 1.0 ppm diet exhibited significantly (<0.01) reduced birth weight.

Mutagenicity
Mutagenicity studies of PCBs in Salmonella typhimurium are summarized in

Table V-11. PCBs have not shown positive results by themselves, but
evidence exists that metabolic activation may result in mutagenic metabo-
1ites which may have potential activity with DNA resulting in mutagenic
responses (Wyndham and Safe, 1978; Wyndham et al., 1976; Hesse and Wolff,
1977; Hesse et al., 1978; Shimada and Suto, 1978; Stainicki et al., 1979;
Wang et al., 1979; Morales and Mathews, 1979). Evidence also exists that
the position of the chlorines on the biphenyl ring influences potential
mutagenicity. In additlon, it appears that S$-9 fractions from different

strains may cause different results.
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Susmary of Mulagenicity Assays of PCBs Vn Salmonella iyphimurium

1ABLE V-11

Type of Type of S-9 Results For S. typhimurium stirains
Assay Activation PCB Source PCD Dose T Reference
TAl53? T1A1%)9 1A98 TAJ00 1A1528
Plate none Aroclor 1254 0.5-500 ue/plate - - - - NA Schoeny et al.,
1919
Plate non induced Aroclor 1254 0.5-500 pa/plate - - - - NA
Plate Aroclor 1254 Aroclor 1254 0.5-500 ya/plate - - - - HA
‘nduced
Plate none 4-mono-CB 1-200 pg/plate ugd ] ] ] Schoeny, 1982
oA ~ NA NA NA
rad NA - A HA
ncd RA HA NA -
corn oll1d NA NA - NA
PCRC 3,4,3',8" -tetra- 5-200 pg/plate A NA NA -
e 1o NA WA - 1)
PO 2,4,2 .4 tetra- 5-200 py/plate NA NA NA -
mce cs NA NA - NA
[ (2 2,0,6,2°,8',6'- 5-200 py/plate HA NA NA -
nce hexa-CB WA NA - NA
Plate rabbit Viver 4-mono-CB 10-200 pg/plate ] "R . MR e *e Wyndham et al.,
sicrosomal 1976
preparations Aroclor 1221 e [ N L] ’
2,2°,5,5 -tetra-C8 R ne MR L] -
Aroclor 1254 L] L] NR [ -

AL 0, 10, 50 and 100 ya/plate

Bine text dtd not Indicate what sirains were tested for mulagenicity without S-9; results were reported as negative,

€50 wa/plate

NA = Mot applicable; NR = Not reporied

¢ = Positive; - = Negaldve



Scnoeny et al. (1979) tested Arocior 1254 for mutagenicity at .e\qn:
concentrations ranging from 0.5-500 ut/plate In strains TA1535, TA1537,
TA98 and T-MOO of S. typhimurium. Aroclor 1254 alone, activated by $-9
hepatic fractions from untreated or Aroclor 1254-induced Sprague-Dawley
rats, fatled to manifest mutagenicity. Subsequently, this same laboratory,
recognizing the heterogeneous nature of commercial Aroclor, conducted a
study of the mutagenicity of four separate PCB congeners (Schoeny, 1982).
Using matertals of 99X purity, eight doses of 4-chlorobiphenyl and five
doses each of 3,4,3' 4'-tetra-CB; 2,4,2',4'-tetra-C8 and 2,4,6,2',4',6'-
hexa-CB were tested for mutagenicity in S. typhimurium (see Table V-11).
Mutagenicity was not demonstrated with any of these PCBs with or without the
addition of hepatic $-9 fractions. In this same study, the author likewise
failed to demonstrate mutagenicity of dibenzofuran or .various polychlori-

nated dibenzofurans, often considered common contaminants of PCBs.

Wyndham et al. (1976) have attempted to relate degree of mutagenicity to
degree of chlorine substitutions on the biphenyl moiety. Using levels of
10, 50, 100 or 200 ug/plate of the 4-mono-CB, Aroclor 1221 ([average
chlorine cqntent 1.15 (2 C1/molecule)], 2.2'.5.5"-tetra-C8 (¢ Cl/molecule)
or Aroclor 1254 (average 4.96 Cl/molecule), these authors demonstrated a
pronounced mutagenicity (>2000 mutant colonies/plate) of 4-mono-CB compared

with the more highly chlorinated PCBs.

Heddle and Bruce (1977) examined the mutagenicity of Aroclor 1254 in a
group of 61 potential mutagens and compared mutagenicity with the production
of cytogenetic effects in mice. Aroclor 1254 was found to be nonmutagenic

in the S. typhimurium bloassay and negative in both cytogenetic evaluations.
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S. typhimurium strains TA1535, TA1537, TA98 4and TA100 both with and withcus

$-9 activation were tested.

One study examined dominant lethality 1in rats attributable to PCBs
(Green et al., 1975b). Mature, random-bred Osborne-Mendel male rats were
given Aroclor 1242 by gavage in single doses of 625, 1250 or 2500 mg/kg bw.
In a second study, Aroclor 1254 was given by gavage at levels of 75, 150 or
300 mg/kg/day. Treatment groups consisted of 100 animals each; negative
controls were treated by gavage with corn oil alone and positive controls
were treated with a known mutagen, TEM. Significant fetal loss occurred
only in TEM-treated positive controls. Similarly, a feeding trial with
Aroclor 1254 at 1levels of 25 or 100 ppm diet for 70 days produced no

significant fetal loss. Positive controls were not used.

Nilsson and Ramel (1974) reported briefly on a study to determine

clastogenic effects of PCBs In Drosophila melanogaster carrying sex-1inked

color markers. Clophen A-30 (30% chlorine) or Clophen A-50 (50% chlorine)
was fincorporated into the media at 250 or 200 mg/%, respectively. Treat-
ment was given during the entire larval perlod or during 1 week to adult
flies. These levels were chosen on the basis of the results of preliminary
trials using levels of 62.5, 125, 250 or 500 mg/t substrate of Clophen
A-30 or levels of 25, 50, 200 mg/t substrate of Clophen A-50 to determine
the toxic effects of these PCB products on larval development. Differences
between the Clophen A-30 group and its controls were not significant. The
incidence of X0 males in the Clophen A-50 treated group was significantly
(p<0.01) greater than its controls. A larger Clophen A-50 trial was there-

fore performed using 20 mg/t substrate larval treatment of parental males.
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These 4authors concluded thdt the products tested did not indicdate < .3sta-
genic effects, but potnted out that these products differed from commer-
cially available PCB products in that the Impurities ordinarily present in

commercial products were not present here.

A cytogenetic Astudy of Aroclor in rats was performed by Green et al.
(1975a). Aroclor 1242 was given orally In single doses of 1250, 2500 or
5000 mg/kg bw or at multiple doses of 500 mg/kg/day for 4 days to groups of
eight male, random-bred Osborne-Mendel rats. Aroclor 1254 was orally admin-
istered at 75, 150 or 300 mg/kg/days for 5 consecutive days to groups of
eight rats. The animals were sacrificed 24 hours after the last dose was
given. Aroclor 1242, the more toxlc product, did not produce cytogenetic
damage in spermatogonia or in cells from the bone marrow. Aroclor 1254 did
not show any evidence of cytogenetic damage in the bone marrow cells. The
effects of this product on spermatogonia were not evaluated. The number of
bone marrow cells observed in mitosis appeared to be depressed (p<0.05) in
the Aroclor 1254 groups at the mid (150 mg/kg/day) and high (300 mg/kg/day)
treatment levels. Mitosis in bone marrow cells of Aroclor 1242-treated
groups did not appear to be depressed, but sperhtogonial mitosis did appear
to be reduced in the 500 mg/kg/day for 4 days (p<0.01) and the 5000 mg/kg
(p<0.05) groups. A later cytogenetic study of bone marrow and spermatogonia
in male Holtzman rats (Garthoff et al., 1977) confirmed the negative

findings of the previously cited study.
Likewise, Dikshith et al. (1975), in a more comprehensive study of the

effects of orally administered Aroclor 1254 on rat testis, found no signifi-

cant evidence of chromosomal aberration caused by PCBs. Aroclor 1254 was
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agministered Dy gavage to 18 mature, male Sprague-Dawley rats 4t the ‘eve:
of 50 mg/kg bw. The configurations of chromosomes appeared similar in botn
the control and treatment groups. A few chromosomal abnormalities were

observed but appeared to be sporadic.

Watanabe et al. (1981) investigated the mutagenicity of PCBs alone and
in combination with DMN or MNNG. Kanechlor 500 was dissolved in corn oil or
g5% ethanol and administered at the rate of 100 mg/kg bw/day for 6 days to
5-week-01d male ddY mice weighing 25-30 g. OMN (25 mg/kg bw) or MNNG (100
mg/kg bw) in aqueous solutions were administered 24 nours after the 1last
dose of PCB. The number of cells containing micronucle! observed in
PCE/1000 cells counted from bone marrow taken 30 hours after DMN or MNNG was
given was considered the endpoint of mutagenicity. These results of PCB
treatment did not differ significantly from controls (DMN or MNNG) and the
authors concluded that Kanechlor 500 had "almost no effect” and no synergis-
tic or addition effect with DMN or MNNG. PCBs alone or in combination with

MNNG falled to increase numbers of micronucleated polychromatic erythrocytes.

Cytogenetic examinations were performed on 3- to 6-day-old ring dove

(Streptopchia risoria) embryos from ring doves fed Aroclor 1254 for an

extended length of time at the level of 10 ppm in the diet (Peakall et al.,
1972). Negative and positive controls (X-ray treated) were used. Chromo-
somal aberrations were recorded for the largest eight chromosome pairs
occurring in metaphases of allantols and limb bud cells. The authors
considered the results indicative of a possible clastogenic action of PCBs

in dove embryos.
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carcinogenesis

pCBs have been tested for carcinogenicity in rats and in mice by incor-
poration of particular commercial PCB preparattons into the diet. Eignht
separate PCB feeding studies and one study of topical application to the
skin are considered. Studies in which the PCB preparations were adminis-

tered in conjunction with other agents are also discussed In this section.

Carcinogenicity. The feeding studies demonstrate the carcinogenicity
of some commercial PCB preparations although 1t is not known which of the
PCB congeners 1in such preparations, or which of thelr metabolites, are
responsible for the carcinogenicity demonstrated by the tests. The 1liver
appears to be the primary target organ that exhibits a tumorigenic and
carcinogenic response to PCB exposure. The studies reviewed had, in varying
degrees, shortcomings that modify the meaning of the results and the contri-

bution the study made to the overall assessment of PCB carcinogenicity.

Rat Studies -- PCBs have produced a variety of oncogenic effects in
the rat 1liver. Historically, adenofibrosis was the first hepatic lesion to
be described in animals chronically exposed to PCB mixtures (Kimbrough et
al., 1972; Kimura and Baba, 1973). Kimura and Baba (1973) studied Kanechlor
400 incorporated into the test diet of male and female Donryu rats fed diets
init1ally at 38.5 ppm and Increased periodically to an upper 1imit of 616
ppm to keep pace with body weight gain. The upper level resulted in severe
body weight loss and was accordingly reduced to 462 ppm for the remainder of
the trial. The duration of the study ranged from 159-538 days for the

different animals, but there were two intervals of 4 weeks each during which
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the Kanecnior feeding was stopped sg that the total feeding of Kanecnlar was
~400 days. Female rats consumed 700-1500 mg and male rats consumed 450-1800

mg Kanchelor 400 by the end of the trial.

Adenomatous nodules in the liver were found in 6/10 female rats that had
consumed >1200 mg of the Kanechlor 400. The females that had received <1200
mg Kanechior 400 and the males had no such lesions. A1l treated animals, of

both sexes, showed fatty degeneration of the liver.

It is important in evaluating this study to consider the weight data
reported by the investigators. These data uere-suff1c1ent to determine that
the treated animals showed weight losses of >20%. Such decreases in weight
gain may indicate that the MTD was exceeded. Table V-12 shows the percent-

age of weight gain for various doses and for controls.

It is clear from these weight data that in all cases the treated animals
recetved doses of Kanechlor 400 that exceeded the MTD as judged by current
criteria. Toxic symptoms not only Included fallure of rats to gain weight
at a normal rate but 80% of the females and 10% of the males showed depila-
tion; 70% of the females and 60% of the males had lung abscesses; 30% of the
females and 10% of the males had Intracranlal abscesses; fatty degeneration
of the adrenal ués also found in treated animals. These lesions were not

reported in the control animals.
In summary, the study was too short and the exposure level too high to

provide a good experimental basis for the determination of the carcinogenic

potential of the PCB preparation used.

02360 V-66 04/07/88



TABLE V-12

Change in Rat Body Weight Following Chronic Exposure to Kanechlor 400*

No. Initial Final Percent
PCB in Diet Animals Weight Weight Difference
(ppm) (g) (g)
MALES
450 1 199 309 +55
900 1 192 273 +42
>1200 8 210 259 +23
Control 5 205 462 +125
FEMALES
700 1 158 137 -13
1100 3 160 162 0
>1200 6 196 196 0
Control 5 196 323 +65

*Source: Kimura and Baba, 1973
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[to et ai. (1974) nave ‘'nvestigated Kanecniors 3C0, 4CC ang S30 "n ma =
Wistar rats by administration of 100, 500 or 1000 ppm of each of the test
preparations in the diet for 28 weeks to ! year'. The initi1al weights for

each group and their respective weight gains are given in Table v-13.

The figures indicate that the weight gain was inversely related to the
dose of Kanechlor used for the 40- and 52-week exposure groups. In all
cases (for 52-week exposure) the average percentage weight gain was bDelow
that observed with controls, but only marginally below controis for the
lowest dose groups of 100 ppm. The weight figures indicate that at 100 ppm
for 52 weeks, Kanechlors 300 and 500 did not produce a toxic manifestation
represented in weight loss. At the 100 ppm level the liver welghts were
(expressed as percentage of body weight) 2.4% for controls, 2.9% for the
Kanechlor 300 and 3.7% for the Kanechlor 500. There was no amyloidosis,
cholangiofibrosis or fibrosis at 100 ppm for these two Kanechlors. At
higher doses oval cell proliferation, bile duct proliferation, fatty changes
and cellular hypertrophy were seen. Since the 100 ppm level did not seem to
produce other toxic manifestations the finding of hepatic nodular hyper-
plasia, which the investigators considered to be preneoplastic, in 3/25
animals treated with Kanechlor 500 and 1/22 animals treated with Kanechlor
300 s noteworthy. The study does not provide data on the progression of

preneoplastic to neoplastic effects since it was terminated after 52 weeks.

In the case of Kanechlor 400, all three of the dietary levels produced
apparent abnormal weight changes, as an increase of 23X in weight over the
40-week period is lower than would be expected. At the highest dose, 3/10

of the animals showed nodular hyperplasia and at 100 ppm 2/16 cases of
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TABLE Vv-13

Change in Rat Body Weight Following Chronic Exposure to
Several Kanechlor Formulations~*

Inittal Percent
Product ppm Weight Gatin Increased No. Animals
Average Average

52-Week Exposure Cases

K-500 1000 126 129 13
500 123 207 16
100 124 300 25
K-300 1000 128 228 15
500 135 239 19
100 125 304 22
Control 0 130 325 18

40-Week Exposure Cases

K-400 1000 163 23 10
100 178 129 16
Control 0 NA NA NA

28-Week Exposure Cases |
K-400 500 188 53 8

Control 0 NA NA NA

*Source: Ito et al., 1974

NA = Not applicable
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nogular Nyperplasia appeared. These findings were made at 40 weeks. Tn:

Rty
study was flawed with respect to short duration and small number of animals

used In the experiment.

While the investigators considered hepatic nodular hyperplasia to repre-
sent preneoplastic lesions and, therefore, the tumorigenicity of the Kane-
chlors, the experiment falls short of demonstrating tumorigenicity. The
study 1s inconclusive because of the short duration, small starting numbers
of animals iIn each group and sti11 smaller numbers of animals at risk. How-
ever, the nodular hyperplasia that appeared as early as 40 weeks precludes
adding this study to a negative finding. 1In add-ition. effectiveness of the
Kanechlor 1in producing tumors was not a function of the level of chlorina-)

tion of the PCBs in the mixture.

Kimbrough et al. (1975) was the first to report that Aroclor 1260
unequivocally produced hepatocellular carcinomas in female Sherman rats when
100 ppm dietary level was administered for 21 months (630 days). In this
study, complete histopathology on all major organs was performed on 200
treated rats. There was a slight but statistically significant decrease in
weight gain after 3 months in the treated group. The difference in weight
gatn was not large enough to consider the dose level to have exceeded the

MTD. There were no other definite dose-related signs of toxicity.

Hepatocellular carcinoma was found in only 0.58% of the controls (1/173)
and in 14% (26/184) of the treated animals. In addition, while 78%
(144/184) of the treated animals developed neoplastic liver nodules, no
control animals did. A1l in all, there was <1% incidence of neoplastic

Yiver lesions in controls as compared with 92% (170/184) in treated animals.

02360 v-70 04/07/88



Although only 4 single dose wds selected and on'y femaie arima s emp Cye3,
the study demonstrates hepatocarcinogenicity of Aroclor 1260 in female
Sherman rats. Kimbrough et al. (1972), using 10 .animals of each sex given
each of thr-ee doses (100, 500 and 1000 ppm) of Aroclors 1260 and 1254, did
not produce either neoplastic nciules or hepatocellular carcinoma in this
same strain of rat when the study ran less than a year. In this preliminary
study Aroclor 1254 produced adenofibrosis in 10/10 male rats. This finding
suggests that hepatocellular carcinoma results when the dose s low enough
to permit the study to be run for a sufficient length of time without inter-
fering toxicity. The 14% 1incidence of hepatocellular carcinomas in the
large experiment also explains why 1t would be unlikely to have detected
this cancer in experiments run on a small number of animals: 14X of 24
animals would be 3-4 animals and hepatocellular carcinoma would only have
appeared after about a year. Experiments that reduced the number below 24
before the earliest time to tumor would not be expected to yield a detect-

able carcinoma incidence.

Even though this experiment is probably an adequate animal study to use
for risk assessment, it also has a problem in that a3 mixture of compounds
was tumorigenic. The active ingredient(s) in the mixture 1s most 1likely
limited to a few of the molecular species. A tumor yield of 14%, which is
due to the presence of a molecular species that constitutes only a fraction

of the composition of the administered material, would be considered potent.

The carcinogenicity of PCBs was investigated in a study sponsored by NCI

(1978). Groups of 24 F344 rats of each sex were fed diets containing
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Aroclor 1254 at 25, 50 or 100 ppm for 104-105 weeks. Proiiferative ‘es'crg
in the 1liver were not found 1in controls but were found in the treated

animals as shown in Table V-14.

The data indicate a dose-reiated nodular hyperplasia in both sexes and
three cases of hepatocellular carcinomas among treated males at the 100 ppm
dose. Although the incidence of hepatocellular carcinomas was not statis-

tically significant, it 1s important to consider the following points.

In a preliminary study using 10 Sherman rats of each sex, Kimbrough et
al. (1972) did not produce hepatocellular carciﬁomas with doses of 100, 500
or 1000 ppm administered for a duration of less than a year. But in the
other study (Kimbrough et al., 1975), which lasted 2 years, female Sherman
rats had a 14% incidence of hepatocellular carcinoma as 3 result of treat-
ment with 100 ppm Aroclor 1260. In the NCI (1978) study the incidence of
hepatocellular carcinomas in males at 100 ppm group was 3/24; only 20
animals survived. Since incidence s more precisely expressed as the ratio
of the number of animals with tumor/number of animals at risk, the figure is
probably closer to 2/20 or 10%. In either case, the incidence of B8-10%, or
even 14%, as was found in the Kimbrough et al. (1975) study, would not be
statistically significant with group sizes of 24 animals. The test was
simply not sensitive enough to detect statistically significant differences
at this level of potency. The lack of statistical significance in the NCI
study has to be understood in terms of the highly insensitive nature of the
assay used. A system that employed 24 animals per group would require a
true difference in incidence between controls and treated groups of 35% in
order to have a 90% chance of being significant at the p=0.05 level. A 90%

chance of finding a significant difference at the p=0.05 level when the
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TABLE v-14

Proliferative Lesions of the Liver in Fischer Rats Fed Aroclor 1254¢

_Males Females
Hepatocellylar Hyperplastic Hepatocellular Hyperplastic
Carcinomas Nodules Carcinomas Nodules
Controls 0 0 0 0
25 ppm 0 5/24 0 6/24
50 ppm 1/24 8/24 1724 9/22
100 ppm 3/724 12/24 2/24 17724

*Source: NCI, 1978
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difference Detween controis and treated incidence is of tne order aé 3%, a3
1t 1s in this study, would require 117 animals each for control and treated
groups. It s therefore a question of biological significance, rather than
statistical significance, 1in determining whether an B8-10% cancer yleld
represents a positive finding. Although this yleld could not be used to
demonstrate the carcinogenicity of the test agent, 1t is indeed consistent
with the 14% yield obtained by Kimbrough et al. (1975) and lends support to

that finding.

The NCI (1978) data were re-examined by Morgan et al. (1981) with
respect to gastric adenocarcinomas that occurred In the rats. All 191
stomachs of rats from that study were available for further sectioning and
examination. Sectioning at the pyloric junction revealed "lesions"™ upon
gross examination in 3/47, 5/48, 8/48 and 17/48 of rats fed diets containing
0, 25, 50 or 100 ppm Aroclor 1254, respectively. There did not seem to be
sex-related differences in the incidence of these lesions. Histologically,
adenocarcinomas were found in 1, 3 and 2 of the stomachs tidentified as
having lesions in the 25, 50 or 100 mg/kg Aroclor 1254 diet groups, respec-
tively. None were detected in the controls. Remaining lesions were identi-
fied as "metaplasia,” the significance of which was not stated. Determining
the occurrence of gastric adenocarcinoma in control rats to be <2X (0/47),
the authors calculated the 1likelihood of six carcinomas occurring in the
stomachs of 144 treated animals to be <5% if occurrence was random. Morgan
et al. (1981) concluded that Aroclor 1254 may produce adenocarcinomas in the

stomachs of rats.
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A recent paper reevaludting tnis same study (wWard, 1985), <ites a 2232-
related depression of body weight gain for both sexes and a decrease 1in
survival for male rats. Increased incidence of. gastric intestinal meta-
plasia and- adenocarcinoma was confirmed. Hepatocellular adenomas, carci-
nomas and eosinophilic and vacuoiated hepatocellular foc! were usually found
in dosed rats only and in these animals their numbers were significantly
increased. The conclusion of the author was that the appearance of the
potentially preneoplastic lesions and tumors in the liver and stomach of the

PCB-treated rats did not occur spontaneously.

The hepatocarcinogenic effect of dietary administration of 100 ppm
Clophen A-30 or A-60 (Authors stated that Clophen A-30 and A-60 did not
contain chlorinated dibenzofurans) for 832 days was tested in male weanling
rats (Schaeffer et al., 1984). Twenty-one percent of the Clophen A-60
treated animals that died in the first 800 days experienced hepatocellular
carcinoma, while only 2% of the animals died with similar lesions in the
Clophen A-60. Preneoplastic leslons were first observed after day 500 fol-
lowed by tumors after 700 days on the PCB diets. An Increase in neoplastic
nodules and hepatocellular carcinomas was obsefved to increase with time.
Statistically significant increases of hepatocellular carcinomas were
observed in male rats fed Clophen A-60. However, rat fed with Clophen A-30,
had a statistically significant 1increases of neoplastic nodules or/and
hepatocellular carcinomas together. Interestingly, the total mortality rate
and the incidence of thymoma and inflammation of the genital/urinary tract
in the experimental animals was reduced when compared with the controls.
This protective effect has been seen in other halogenated aromatic

hydrocarbons (Kociba et al., 1979).
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Two points should be made in regard to this study. Ffirse, tne‘:t.‘:, SEN
done only in males, and females appear to be more sensitive to the tumori-
genic effects of PCBs (Kimura and Baba, 1973; Norback and Weltman, 1985).
Second, the study was conducted in PCB mixtures that are apparently free of

dibenzofurans.

In the Norback and Weltman (1985) study, Sprague-Dawley rats were
selected because of Tow incidence of spontaneous 1liver tumors. Male and
female weaning Sprague-Dawley rats initially weighing 100 g were divided
into two groups of 70 males and 70 females. They were fed basal diet
(Purina rat chow, St. Louls, MO) mixed with corn oil1 (a PCB mixture),
Aroclor 1260 (Monsanto Chemical Co., St. Louis, MO) at a concentration of
100 ppm for 16 months and 50 ppm for an additional 8 months, followed by a
control diet for 5 months. A control group received a basal diet with added
corn oil for 18 months and basal diet alone for an additional 5 months.
Both groups received water ad 1ibitum. Sequential morphological changes
were evaluated to determine the progress of liver leslons. The medial and
left lobes of the liver of 10 etherized rats (2 male controls, 2 female
controls, 3 male PCB-treated, and 3 female PCB-treated rats for each time
period) were removed at 1, 3, 6, 9, 12, 15 and 18 months. Partial
hepatectomy was performed once per animals in these groups. At 24 months
similar groups and at 29 months all remaining animals were sacrificed.
Throughout the study moribund rats were sacrificed. At death all rats were
necropsied. Selected organs were prepared for microscopy. The sequential
morphologic changes were evaluated throughout the study and results are pre-
sented in Table V-15. 1In the PCB-exposed group the following hepatoceliular
lesions were developed in sequence: centrolobular cell hypertrophy at 1

month, foct of cell alteration at 3 months, areas at 6 months, neoplastic
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TABILE V-15

Progression of Preneoplastic and Neoplastic Hepatocellular Leslons in Male and temale
Sprague-Dawley Rats Exposed to Aroclor 12604.b

Number of Livers with Leslons of Each lhree Sampled

Lesion 1 Nonth J Months 6 Months 9 Months 12 Months 15 Months 18 Months 24 Months

M ¥ NI M of [ L N ¥ M M T

Focus 0 o0 2 2 3 3 3 3 3 3 3 3 KN 3 4

Area 0o O 0 0 1 0 2 1 6 3 I3 0 3 Vo2

Neoplastic 0 0 0 0 0 o 0 0 oo (VRN 03 | |

nodule :

Trabecular 0 0 0 0 0 o 0 0 0 0 0 | 6 2 0 2

carcinoma

Adenocarc inoma 6 o 0 o 60 o 0 o 0 o 6 o 0 o ([

dSource: Norback and Weltman, 1985

bihese lestons were not present in sequentially sampled control liver.



nodules at 12 months, trabecular carcinomd at 15 months, and adenocdr:'noma
at 24 months. These lesions were not present in sequentially sampled con-
trol liver. In addition, simple and cystic chloangioma at 18 and 23 months,
respectively, and adenofibrosis at 22 months were present. With the excep-
tion of hepatocyte hypertrophy and adenofibrosis, a1l leslons contained
cells that were positive for gamma glutamyl transpeptidase activity. The
percentage of animals with hepatocellular neoplasms occurring in animals
that survived for 18 months or longer are presented in Table V-16. Females
had the highest incidence of hepatocellular neoplasm; >35% developed tumors
(45747, 1/49, p<107¢). Few maies developed tumors (7/46, 0/32, p=0.02),
neoplastic nodules were present in 11X and hepatocellular carcinoma in 4%.
Only one hepatocellular neoplasm occurred in female control rat and there
was none in male control animals. The incidence of hepatocellular neoplasms
in females was strikingly greater than in males. In conclusion, Norback and
Weltman (1985) found positive hepatocelilular carcinomas in male and female

Sprague-Dawley rats fed Aroclor 1260 in the diet for a pertod of 2 years.

Mouse Studies -- Kanechlors 500, 400 and 300 uére administered to male
dd mice for 32 weeks at dietary levels of 500, 250 and 100 ppm (Nagasakl et
al., 1972). The nine different experimental groups had 12 animals/group and
the controls had 6 animals/group. A1l of the animals survived the entire 32
weeks of the test and there was no apparent weight difference between
control and treated animals although liver weight as a percentage of body

weight was elevated in all treated groups.

In the first report of this experiment by Nagasaki et al. (1972) results
were given as grossly observable nodular hyperplasia in 7/12 (58.3%) of the

animals fed 500 ppm of the Kanechlor 5C0. Microscopic examination revealed
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TABLE V-16

Incidence of Hepatoceliular Neoplasms in Male and female
Sprague-Dawley Rats Exposed to Aroclor 12604

% Incidence in % Incidence in
Treated AnimalsP Control Animals®
Number of Animals M F M F
46¢ 474 32¢ 49¢
Trabecular carcinomaf 4 (2) 40 (19) 0 0
Adenocarcinomaf.d 0 51 (24) 0 0
Neoplastic nodule only 11 (5) 4 (2) 0 2 (M)
Negative 85 {39) 4 (2) 100 98 (48)

agource: Norback and Weltman, 1985

bFigures in parentheses denote number of animals that survived >18 months.

Cincludes 8 animals that had recelved a partial hepatectomy during the
first 18 months. :

dincludes 7 animals that had received a partial hepatectomy during the
first 18 months.

eIncludes 10 animals that had received a partial hepatectomy during the
first 18 months.

fAnimals containing neoplastic nodules plus carcinoma were only included
in the carcinoma category.

dAnimals with trabecular carcinoma and adenocarcinoma were only placed in
adenocarcinoma category.

02360 v-719 04/07/88



5,12 (41.7%) of these animals nad nepatomas. There were no tumors ‘n t~e
control animals or other test groups. In a more detailled report of thnis
experiment Ito et al. (1973) gave the yleld of liver tumors as 7/12 (58.3%)

liver nodules and 5/12 (41.7%) hepatocellular carcinomas.

This study demonstrates that Kanechlor 500 1is capable of producing
hepatocellular carcinoma in male dd mice when given at 500 ppm in the dlet.
The carcinogenic potential of the Kanechlor 500 1s qualitatively demonstrat-
ed but quantitative application of the information obtained requires some
considerations not immediately obvious from a statement of exposure level
and tumor vield. The composition of the Kanechlor 500 was given as 55%
penta-CB, 26.5% tetra-CB, 12.6% hexa-CB and 5.0% di-CB. Kanechlor products
contain other halogenated aromatic hydrocarbons including PCDFs. The conse-
quences of these contaminants on the process of carcinogenicity of the PC8
mixture 1s unknown; however, the findings of hepatocellylar carcinoma in the
study of Clophens A-30 and 50 (devoid of PCOFs) In rodents (Shaeffer et al.
1984) indicates that PCB mixtures alone are capable of producing hepato-

cellular carcinoma in rodents.

Kimbrough and Linder (1974) fed Aroclor 1254 to two groups of male
BALB/CJ mice. There were 50 mice per treatment group and two groups of
control mice (50 animals each). The treated groups each received 300 ppm of
Aroclor 1254 in their diet; one group received the PCB-containing diet for
11 months and the second group received the PCB-containing diet for 6 months
followed by a S-month recovery period in which they received a normal diet.

There were a large number of deaths in the experiment that were a result of
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animal housing conditions and were not due to toxicity. At the eng 3°
months the surviving animals were sacrificed. Only those animals that

showed gross abnormalities were examined microscopically.

The 1ivers of animals treated with the Aroclor congeners were enlarged.
Control animals had iver weights that were, on the average, 6% of their
body weight. Treated animals had livers that were 7.5% of their body weight
for the group exposed far 6 months and 25.5% of their body weight for those
exposed for 11 months. Livers of treated animals showed mulitiple abnormal-
ities including abnormal porphyrin metabolism as indicated by UV flucres-
cence. Adenofibrosis, a possible premalignant. lesion, was also found among

treated mice.

At the end of 11 months the surviving animals were sacrificed and the
Incidence of tumors of the Viver was noted: 0/34 and 0/24 for the two con-
trol groups and 9/22 (40.1%) (10 hepatomas in 9 animals) in the 11-month
exposure group; 1/24 (4%) of the animals in the 6-month exposure group had
hepatomas. It should be noted that the BALB/CJ mouse has a low spontaneous

Incidence of hepatoma strain.

The experiment provides positive evidence that Aroclor 1254 1is capable
of producing a 40% incidence of hepatoma in male BALB/C) mice at a dosage
level of 50 mg/kg/day given for 11 months. The study provides confirmatory
evidence of the carcinogenicity of commercial PCB mixtures in mice. In this
case 300 ppm Aroclor 1254 produced a 40% incidence of hepatoma in male
BALB/CJ mice in 44 weeks, and in the Ito et al. (1973) study Kanechlor 500
at 500 ppm in the diet for 32 weeks produced a 40X incidence of hepato-

cellular carcinoma in male dd mice.
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The mouse studies, therefore, give strong evidence of P{8 carc'asgen:-
fty. Table V-17 summarizes the findings on the PCB feeding studies with

respect to liver tumorigenicity and carcinogenicity.

Summary and Conclusions

Several animal bloassay studies were of adequate quality to assess the
carcinogenic potentials of specific commercial PCB mixtures. The early
bloassay studies of PCBs conducted by Kimura and Baba (1973), Ito et atl.
(1973) and Kimbrough and Linder (1974) were all inadequate to assess the
carcinogenic potential of PCBs because of small group size or period of
exposure extending for <1 year. In particular, the Ito et. al. (1973) study
in which dd male mice fed Kanechlor 500 at 550 ppm for 32 weeks produced
hepatocellular carcinomas. The study by Kimbrough and Linder (1974) 1In
which 50 BALB/CJ male mice were fed diets containing 300 ppm Aroclor 1254
for 11 months was suggestive that Aroclor 1254 was producing a carcinogen
effect in Tiver. OFf the 22 animals surviving PCB treatment for 11 months,
all had areas of adenofibrosis in the 1iver, and 7 had histologically
tdentified heptomas. In a long-term study py Kimbrough et. al. (1975),
Sherman strain female rats fed 100 ppm Aroclor 1260 1in their diets for 21
months  induced statistically significant increases of hepatocellular
carcinomas (26/184) and neoplastic liver nodules (144/184). Only 1 of 173

control animals developed a carcinoma; no neo- plastic nodules were observed.

In the cancer bloassay (NCI, 1978) study, where 24 male and 24 female
Fischer rats/group were fed diets containing 0, 25, S0 or 100 ppm Aroclor
1254, although dose-related increases in the nodular hyperplasia were

observed, there was no statistically significant 1increases of neoplastic
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tffects on Liver Tumorigenesis and Carcinogenesis: feeding Studles Using Various Commercial PCB Preparatlons

TABLE ¥-17

Specles/ Agent Duration t xposure No. Animals Results and Comment Reference
Strain/Sex (ppm)
Rats/Sherman Aroclor 90 weeks 100 200/gr oup Hepatocellular carcinoma 14% {26/184) com- Kimbrough
{F) 1260 pared with 0.58% {1/113) controls, 18% nvo- et al., 1915
plastic nodules compared with 0 in controls,
no other treatment-related toxicity, study
well done but 1imited to single dose and to
females: shows carcinogenicity in female
rats of Aroclor 1260.
Rats/Sprague- Aroclor 29 months 100 for 10/group 95% hepatocellular tumors In female rais Norback and
Dawley (M&F) 1260 ;: :mlus. 45/47, 15% ‘n male rats 2/4b Meliman, 1985
or
8 months,
none for
5 monihs
Rats/Fischer Aroclor 104-105 weeks 100 24/group In males at 100 ppm, 6-10%X hepatocellular NCl, 1978
344 (N8F) 1254 50 carcinoma. HNot statistically significant
butl study design would have required 35% or
greater Incldence for statistically signifi-
cance. Resulls consistent with Kimbrough
et a). (1975) and supports effect in males.
Rats/Donryu Kanechlor 22-17 weeks 38-462 10/group Excessive toxicity, NID exceeded, adenomatous Kimura and
() 400 nodules In females with total dose of 1200 Baba, 1973
@9 or more; test too short, too few animals .
at risk, excessive toxtcity. Test Vnadequate.
Ratsistar Kanechlors 28-52 weeks 22-251/group Nodular hyperplasia with Kanechlor 500 and o et al.,
{n) 500 1000 Kanechlor 300, not statistically significant, 1974
400 500 duratton of study too short, excessive
300 100 toxicity. Test inadequatle.
Mice/dd (W) Kanechlors 32 weeks 12/group Hepatocellular carcinoma with Kanechlor 500 Ito et al.,
500 500 at 500 ppm 4).7% (5/12) and Viver nodules In 1973
400 250 56.3% (7/12), demonsirates carcinogenicily
300 100 in male mice.
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TABLE V.17 (cont.)

Specles/ Agent Duration txposure No. Animals Results and Comment Reference
Straln/Sex (ppm)
Nice/BALB/C) Aroclor 1) 44 weeks 300 $0/9roup Hepatoma 40.1X (9/22)*, none 'n controls in Kimbrough and
n) 1254 2) 24 weeks ¢+ 44 -week group Linder, 1904
5 months
recovery
RatMistar Clophen 118-119 weeks 100 152/group Statistically signtficant (p<0.05) Increases Schaeffer et
") A0 of neoplastic nodules and hepatocellular al., 1984
carcinomas.
ASO 118-119 weeks 100 V41 /group Induced statistically sigatficant (p<0.05)

Increases of hepatocellular carcinomas.

*Anima) deaths were not due to toxicity but to housing. Demonsirates tumorigenicity of Aroclor 1254 in mice.



lesions. In addition, adenocdrcinomas were observed in stomach, jejunum -
cecum in treated animals. Morgan et al. (1981), in a later review of tissue
specimen (NCI, 1978) detected, three additional adenocarcinomas of the
stomach at sites of alkaline phosphatase (AP) positive. The NCI (1978) and
Morgan et al. (1981) results are especially important in light of the fact

that the sample sizes used by NCI were unusually small.

Saeffer et al. (1984) tested Clohen A-30 and Clophen A-60 in Wistar male
rats by long-term feeding over a period of 118-119 weeks. Clophen A-60
induced a statiscally significantly increased incidences of hepatocellular
carcinomas in rats. However, Clophen A-30 induced statistically significant
increased 1incidence of neoplastic nodules, carcinomas alone were not

significant.

In a more recent study of Norback and Weltman (1985) where 70 male and
70 female Sprague-Dawley rats were fed a diet containing polychlorinate
biphenyl mixture (Aroclor 1260, 100 ppm for 16 months and 50 ppm for an
additional 8 months) for 2 years followed by a control diet for 5 months,
Aroclor 1260 induced highly statistically significant 1Increases of liver
tumors In female rats (45/47 treated vs. control 1/48). In males, liver
tumor incidences were statistically significant but less striking (7/46
treated vs. control 0/32). These results strongly support eariler hepato-
cellular tumor evidence in Sherman rats fed Aroclor 1260 in the Kimbrough et
al. (1975) study. Polychlorinated biphenyl Aroclor 1260 induced significant
hepatocellular carcinogenic effects in two rat studies (Kimbrough et al.,
1975; Norback and Weltman, 1985). Kanechlor 500 induced statistically sig-

nificant incidences of Yiver tumors in dd mice fed 550 ppm for 32 weeks.
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Aroclor 1294 d1so produced carcinogenic effects in mice {BAL3/Cl; ane -ats
(Fischer 344), and results are dose-related but not statistically signifi-

cant.

This level of carcinogenic evidence in rat and mice for some commer-
cial PCBs (Aroclor 1260, Kanechlor 500 and Aroclor 1254) constitutes a
wgufficient” level of carcinogenic evidence for PCBs in animals, using the
EPA's Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1986c). The
multiple studies with Aroclor 1260 and one study with Clophen A-60 provides
a sufficient animal cancer evidence. The bloassay results for Kanechlor
500, Arochlor 1254 and Clophen A-30, when viewed 1individually have only
limited animal evidence; their not being multiple assays or species with
clear statistical significance. Taken collectively however, along with an
argument for a hypothesis that sturcture-activity-relationship provides a
basis for recommending that PCB mixtures of any composition should be
regarded as having the potential to be probable human carcinogens and thus
in the weight-of-evidence category of Group B2. Obviously, the mixture
components of the five commercial P(B preparaiions have common characteris-
tic(s) which influence animal carcinogenicity. The decision to regard an
PCB's as Group B2 compounds has uncertainty since with present knowledge it
cannot be verified, alblelt the decision is Judged to a prudent public

health choice at the present time.

The conclusion that PCBs are carcinogenic to rodents is reached by the
International Agency for Research on Cancer (IARC). In 1ts evaluation of
the Carcinogen Risk of Chemicals to Humans, 1t 1s stated that *Kanechlor 500
and Aroclor 1254 are carcinogenic in mice, and Aroclor 1260 is carcinogenic

In rats.®
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The question arises as to how to use these studies for risk assessmen*
It s difficult 1f not in fact impossible at present to scientifically to
assess the toxic nature of the mixtures of the majority of the commerctial
preparations. The blological significance of this heterogeneity 1s that
each of the isomers has 1ts own particular toxicokinetic, metabolic and
enzyme induction profile that is as much a function of the position of its
chlorine substituents and the total number of chlorine substituents it
contains. The extent to which any particular isomer contributes to or
antagonizes the carcinogenic process 1s not known. The resultant
carcinogenicity observed when the mixture s administered may be the work of
one individual 1somer, present in a small quantity, or of another isomer

present to a larger extent, e.g., 25% of the composition of the mixture.

Other Related Studies

Promotional and Antipromotional Studies. Long-term exposure to mixed
commercial PCBs has been associated with the development of hepatocarcino-
genic effects in mice and rats. There 1s little evidence to suggest that
pure PCBs are mutagenic or otherwise genotoxﬁc. The role of PCB-induced
Tiver microsomes as potent activators of many chemicals to mutagenic deriva-
tives has been established. Recent evidence indicates that PCBs may also be

protective against other carcinogenic events.

Promotion -- Ito et al. (1973) evaluated Kanechlor 500 in combination
with BHC (Table V-18). These data show that when male dd mice were given
Kanechlor 500 (250 ppm) in their diet for 32 weeks with or without one of
the BHC compounds, they responded by ylelding a higher incidence of hepato-

cellular carcinoma than when either the BHC or the Kanechlor was given alone.
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TABLE v-18

Action of Kanechlor 500 and a-, 8- or-y-Benzene Hexachloride*

Test Compound(s) Noduiar Hyperplasia Hepatocellular Carcinoma
(ppm) (%) (%)
a-BHC (250) 23/30 {16.7) 8/30 (26.7)
a-BHC (250) + PCB (250) 21/30 (80.8) 15/30 (57.6)
a-BHC (100) 0/26 0/26
a-BHC (100) + PCB (250) 8/25 (32.0) 1/25 (4.0)
a-BHC (50) 0/28 0/26
a-BHC (50) + PCB (250) 9/30 (30.0) 2/30 (6.7)
B-BHC (250) 0/26 0/26
B-BHC (250) + PCB (250) 16/29 (55.2) 6/29 (20.7)
B8-BHC (100) 0/26 0/26
B-BHC (100) + PCB (250) 5/30 (16.7) 1730 (3.3)
B-BHC (50) 0 0
B-BHC (50) + PCB (250) ] 0
v-BHC (250) 0 0
vy-BHC (250) + PCB (250) ] 0
v-BHC (100) 0 0
v-BHC (100) + PCB (250) 0 0
v-BHC {50) 0 0
v-BHC (50) + PCB (250) 0 0
PCB (250) 0/20 0/20
Controls 0/20 0/20

*Source: Ito et al., 1973
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In a brief communication of a short-term study, [to et ai. (1978, 3emer-
strated the ability of PCB (mixture not stated or characterized) and other
organic compounds to enhance nodular liver hyperplasia induced by feeding
2-FAA, a known liver cancer 1inducer, to rats. Male Fischer rats weighing
165 g were used. Two groups of control rats were fed diets containing 200
ppm 2-FAA for the 10-week trial; one group was partially hepatectomized In
the third week of the study. There were two PCB treatment groups, both fed
a diet containing 1000 ppm PCB for the entire 10-week experimental period,
and one group partially hepatectomized in the third week of the study.
PCB-fed rats had livers containing significantly (p<0.05) more hyperplastic
nodules/10 cm2 than control rats. Parttal hepatectomy significantly
(p<0.001) 1increased the incidence of nodular hyperplasia in the treatment

groups.

The data show that while each agent alone produced some reduction in
growth compared with controls, the combined effects were substanttal. It 1is
not possible to tell from this experiment whether the effects observed on
tumor growth were due to a general systeﬁ\c debilitation or whether the
effects represent specific drug-related responses. The overall toxicity of
the combined agents was not adjusted so that 1t would be no greater than the

level of toxicity of each alone.

A report published by DiGlovanni et al. (1978) in which 100 wug of
Aroclor 1254 was applied to the skin of CD-1 mice followed by repeated
applications of the phorbol ester promoter, DMBA, stated that the data
showed weak initlator activity with only 0.2 papiliomas per mouse. The
tumor -promoting activity of Aroclor 1254 was 1investigated in a study by

Berry et al. (1978). Groups of 30 female (D-1 mice were used. The animais
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were initidted with 0.2 g OMBA, 1 week idter 3 positive control recetveq _
ug TPA and an experimental group received 100 wug Aroclor 1254. The
promoter an_d the Aroclor applications were made twice weekly for 30 weeks.
TPA promotion resulted in 92% of the animals with papillomas while none of
the Aroclor 1254 treated animals developed tumors. It was concluded that at
the dose of Aroclor 1254 ysed in the study of the preparation was not a skin

tumor promoter In this system. General toxicity precluded use of larger

doses in the experiment.

Antitumorigenic -- In the study of Makiura et al. (1974) Kanechlor

500, at 0.05% in the diet for 24 weeks, did not produce detectable tumors
for the 24 weeks of the experiment. MWhen this regimen was modified to add
3'-methyl-4-dimethylaminoazobenzene (3'-MeDAB), 2-FAA or diethylnitrosamine
(DEN) at carcinogenic levels the combined effect was to reduce the incidence
of tumors to zero. The tumor Incidence in Sprague-Dawley rats with these
three agents was 65% (3'-MeDAB), 54X (2-FAA) and 92% (DEN) liver tumors. In
paired combination 3'-MeDAB and DEN produced 92% 1liver tumor incidence,
which was reduced to 7.7% when PCB was also- given. When 2-FAA and DEN were
given together the tumor yleld was 82% and in the experiment with these two
agents plus PCB the yleld was zero. The combined agents produced extreme

toxicity as shown by the weight records, shown in Table V-19.

Nishizum? (1980) demonstrated the ability of placentally transferred
PCBs to 1inhibit DEN-Induced hepatomas. Groups of ten 10-week-old female
Wistar rats were treated with 200 or 40 mg/kg bw/day Kanechlor 500 (Ito et
al., 1973) by gavage on days 5, 10 and 15 of gestation. A group of 10 olive
oil-treated rats served as vehicle controls. At 28 days of age, one F]

offspring from each 1itter was killed for quantitation of 1liver PCBs.
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TABLE v-19

Percent Weight Change in Kanechlor 500 Exposed Rats*

Weight Change % Weight Change % » Weight Change %
Control +180 Control +180 Control +180
3-MeDAB +150 PCB + 3-MeDAB +107 PCB + 3-MeDAB + DEN +65
DEN +137 PCB + DEN +13 PCB + 2-FAA + DEN +52
2-FAA +116 PCB + 2-FAA +100

PCB +112

*Source: Adapted from Makiura et al., 1974

MeDAB = 3‘-methy]-4-d1methy1-am1noazobenzeﬁe; DEN = Diethylnitrosamine;
2-FAA = N-2-fluorenylacetamide
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Remaining F; offspring were exposed to 50 mg/DEN in drinking water cont'n-
yously for 5 weeks. At 16, 20 and 24 weeks after the start of exposure to
DEN, for 6-8 F] rats from each treatment group, l1tiver welight was recorded
as percent of body weight and livers were sectioned and grossly examined for

"tumors® >5 mm diameter.

Dams showed no signs of maternal toxicity during gestation or the fol-
lowing 6 months (Nishizumi, 1980). There was no evidence of fetal toxicity;
average litter size was 6.2, 6.5 and 7.1 in the 400, 40 and 0 mg/kg groups,
respectively. The 500 mg/kg groups experienced several losses of F]
progeny {numbers not reported) and slight depression in rate of weight gain

(body weight not given) before weaning.

The authors reported that almost all 1liver nodules >5 mm in diameter
were histologically hepatocellular carcinomas and that some nodules >5 mm
were neoplastic nodules (number not report) (Nishizumi, 1980). The number
of nodules >5 mm diameter was therefore chosen as the endpoint indicator of
hepatocarcinogenic potency. The result of this study are summarized 1in
Table V-20. Liver weight as percent of F] body weight did not differ
statistically between treatment and control groups. Although liver weight
and average number of liver tumors/rat were reported as separate figures for
male and female F] progeny, 1t was unclear 1If statistical analysis
compared treatment animals with control animals by sex or coliectively.
Significant (p<0.05) reduction in number of 1iver tumors after 20 weeks
occurred in both sexes of rats in the high-dose group, and in the low-dose

males.
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TABLE ¥V-20

The Liver and Body Weight Ratlo and the Number of Liver Yumors Produced in 0Hsgr ing Rats Exposed Lo PCO through

Their Bams and Treated wilh DEN after Meaning?.

Liver Welght as Perceat

Group reatment Sex of fody Meight Average Wymber of {tver Tymors (>5 mm)/Rat
o. Offspring -
ban OFFspring 20 week 24 week 20 week 24 week

) PCO 200/mg/kg BEN 50 ppm male $.3¢0.0 6.4 20.3 1.0 ¢ pOAC (6,4,6) 2.0 + 0.7 (14,5.0)
3 times S weeks femdle 5.1 ¢ 0.3 6.210.2 o (0,0,0) 0.4 90.3 (3,2,8)

2 PCB  40/mg/kg 8N 50 ppm male §3+0.2 6.3:0.5 1.3 ¢ 0.4€ (10,6,0) 2.8 2 0.7 {1),6,4)
3 times S weeks female 5.5¢:0.) 5.0+0.2 0.6 + 0.3 (5,4,0) 0.7 2 0.4 (5,3,)}

3 None OEN 50 ppe male $.0.+0.4 1.5+ 0.6 3.0 ¢ 0.7 (21,6,1) 4.6 4+ 0.1 (31,8,8)

5 weeks female 5.6 ¢+ 0.3 6.1 204 1.} ¢0.4 (9,5,8) 1.4 0 0.5 (10,4,))

4Source: Nishizumi, 1980

bine data are expressed as means ¢ SE. Wumbers In parentheses are the total mumber of liver tumors/group, the number of rats bear ing liver
tumors, and the number of rats sacrificed, ia that order.

CSignificant at the 5% level as compared wilh grouwp 3.



At the Z24-week examination, significant (p<0.05) reduction tn tumor
incidence occurred only in high-dose males (see Table V-18). The authors
reported 1lver PCB values in 28-day-oid F] individuals of 360+30, 18+7 and
<1 ppm for high-dose, Jlow-dose and control groups, respectively. They
therefore suggested that placental transfer of PCBs protected rats from

DEN-induced tumors.

A recent study was conducted to evaluate the mechanisms of PCB modula-
tion of 2-FAA-induced carcinogenesis by 2-FAA. The results of the PCBs
tested (2,2',4,4' -tetra-C8, 3,3,',4,4" -tetra-Cg, 2,2',5,5' -tetra-C8
2,2',4,4',5,5'-hexa-CB and the Aroclor 1254) 1indicated that in spite of
predictable inducer specific opposite influences of the different types of
PCBs on cytocidal toxicity of 2-FAA, all PCBs similarly reduce nodule
selection by 2-FAA initiated 1livers. This ability for reduced growth of
nodules correlated with the abtlity of all PCBs to consistently enhance
regenerations of 1iver mass, indicating antipromoting activities against

mitoinhibitory carcinogens.

Cocarcinogenicity -- A study of the cocarcinogenic effect of PCB on
3-methylicholanthrene (3-MC) induced cervical cancer was performed in mice
(Uchiyama et al., 1974). Adult virgin female dd mice were fed control diets
or diets containing 10 ppm for 15 weeks or 100 ppm for 8 weeks of Kanechlor
400. Cotton thread impregnated with 3-MC was inserted into the cervix and
through the anterior horn, and left in place for 4 weeks. PCB did not
increase the 1incidence of cervical epithelial change induced by 3-MC,
although effective numbers surviving the experiment were small (20 mice 1in
each PCB-fed group). A simultaneous study using 10 ppm and 100 ppm O0DT

showed considerable tendency to induce cervical carcinoma, which may be
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considered 4 positive control. In thits trtal using small numbers d4ang 3
short experimental period, the authors found that PCB fed at these levels

did not effectively ennhance 3-MC-induced cervical carcinoma.

Considerations 1in Evaluating the Carcinogenic or Anticarcinogenic

Potency of the PCB_Preparations Tested. The manufacturing process for

commercial PCB products, such as the Aroclors, ylelds products composed of a
mixture of 20-60 different polychlorinated biphenyl molecules. Individual
lots of Aroclors of the same average chlorine content differ greatly in both
their components and amounts of each component. The extent to this variable
composition can be seen from the analyses of three different Aroclor 1260
preparations carried out in different laboratories. One preparation con-
tained 26 PCBs, another 48 different PCBs and the third was only partially
analyzed. The number of isomers found in the preparations for each level of

chlorinatton is shown in Table Vv-21.

In addition to the variability in polychlorinated biphenyls in the
commercial PCB preparations, there are also a number of impurities in the
products. Among the impurities are PCDFs, which are highly toxic and are

under test for carcinogenicity.

Several points concerning the interpretation of carcinogenicity data,
and risk assessments based on the data, hinge upon the recognition of the
qualitative and quantitative vartability among commercial preparations.

1. Data on purified 1somers show that the toxic, metabolic and

pharmacokinetic behavior of the different component molecules

varies not only with the degree of chlorination, but also with
the position of the chlorine atoms.
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TABLE V-21

Number of Isomers at tach Chlorinated Level for
Three Different Aroclor 1260 Preparations*

Chlorination Albro, 1976 Sissons and Weltt, 197 Tas and Vos, 1971
Level
Dichloro- 0 1 NR
Trichloro- 0 1 NR
Tetrachloro- 2 3 NR
Pentachloro- 8 1 NR
Hexachloro- 5 8 4
Heptachloro- 6 5 3
Octachloro- 3 1 NR
Nonochloro- 2 3 NR
Decachloro- 0 1 NR
Total : 26 48 7

*Source: Adapted from NIOSH, 1977

NR = Not reported
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2. Metabolism of purified isomers has Deen extensively studteg.
The hydroxylated metabolites of some 18 different individua)
PCBs were analyzed. [t appears that predictable patterns of
hydroxylation occur tnat indicate that the major pathway for
most of the molecules involves direct hydroxylation. At least
three different molecules among those Studied produced products
that 1indicated utilization of an alternate pathway. These
three compounds were 4,4'-d1-CB, 2,2',5,5'-tetra-CB and
2,2',4,4',5,5' -hexa-CB. The alternate pathway for these three
compounds involves the formation of arene oxide intermediates.
Such fintermediates would be expected to be carcinogens and
mutagens based on studies on well known carcinogens. If the
carcinogenicity of the commercial preparations was due solely
to these components the potency of the preparations could be
calculated on the amount of these isomers present, the percent-
age of parent compound that utilized this alternate pathway and
the pharmacokinetics of the intermediates formed. Table V-22
shows the results of analyses of three different Aroclor 1260,
and three different Aroclor 1254 preparations for the presence
of these arene oxide-forming compounds.

Since only a small fraction of the parent compound utilizes the
arene oxide pathway, it is highly unlikely that the carcino-
genic potential of PCB mixtures s due entirely to this geno-
toxic reaction. Indeed, the genotoxicity of the products and
even these specific isomers is in doubt as Judged by short-term
mutagenicity tests. If the carcinogenicity observed with the
Aroclors is due to the inittating activity of epoxides that may
be formed as metabolic iIntermediates, then the activity in the
preparations is too low to be detected In vitro, or requires
other in vivo conditions to be expressed.

The metabolic data, along with the information on chemical
analyses, and the In vitro tests all suggest that 1f these com-
ponents do act as Initiators their role in the carcinogenicity
may be contributory but is unlikely to be the sole mechanism
involved. Recent findings indicate that short-term exposures
to 2,2',.4,4',5,5'-hexa-CB, 2,2',4,4'-tetra-CB and Aroclor 1254
during liver cell proliferation do not show initlating action
in an in vivo assay that detects both hepatic and nonhepatic
initlating carcinogens (Hayes et al., 1985). It is, therefore,
unsatisfactory to calculate the potency on the basts of
exposure to "possible® active components, or to calculate the
potency on the basis of exposure to any of the other compo-
nents, some of which are scarcely metabolized at all.

3. One of the most striking findings concerning the variability of
the components of the commercial products 1s the differing
enzyme inducing capacities of particular ‘isomers even at the
same level of chlorination. The enzymes induced range from
those that are 1involved iIn metabolism of PCBs themselves to
others that have been implicated as activators and inactivators
of other procarcinogens or carcinogens, respectively (Cyto-
chrome P-450 and P-448 associated monooxygenase systems).
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TABLE Vv-22

Analyses of Three Different Aroclor 1260 and Three Different Aroclor 1254
Preparations for the Presence of PCB Isomers Known to Utilize,
to Some Degree, A Metabolic Pathway that Forms Arene Oxide Intermediates?d

Aroclor 4,4'-Dichloro- 2,2',5,5'-Tetrachloro- 2,2',4,4',5,5'-Hexachloro-
1260 absent absent <4%
(Albro)

1260 minor peak minor peak major peak
(Sissons)

1260 b/ b/ minor peak
(Tas)

1254 absent 8% 4%
{(Albro)

1254 minor peak major peak major peak
(Stssons)

1254 absent minor peak minor peak
(Willis)

dSource: Adapted from NIOSH, 1977

bprobably not analyzed
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The mixed nature of the PCBs would De reflected in mixed enzyme
tnduction, some of which will be capabie of reducing the
carcinogenic effect and some of which will increase the
carcinogenic effects.

4. Thése examples show why the test data on the carcinogenicity of
PCBs generated by use of commercial preparations such as the
Aroclors and Kanechlors can provide only a net effect picture
of the many and varied effects of the individual components in
the preparations. The carcinogenicity that 1s manifested
reflects the sum of vectors that represent partial additive,
synergistic and antagonistic effects of numerous individual
components. Potency and exposure are basic parameters used in
risk estimation.

5. It can be said, however, that it 1is very 1likely that the
potency of any commercial PCB preparation may be considerably
higher or lower than any figure obtained by utilizing the
dietary level of exposure as a basis for calculation.
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VI. HEALTH EFFECTS IN HUMANS

General Background

Human exposure to PCBs may come from direct contact with industrial
products, accidental contamination of foodstuffs or from assoclation with
contaminated enviroamental components. Whatever the source, PCB exposure can

occur by ingestion, respiration or dermal absorption.

Exposure to PCBs results iIn the retentlon of certaln PCB ‘somers and
congeners in human tissues and fluids because of its chemical) nature. The
levels of PCBs vary with the route of eprsure. geographical location, and
sex and weight of the individual. In humans with no occupational exposure,
PCB residue analyses have shown mixtures of higher chlorinated biphenyls
that exhibit a compositional pattern differentlated from that of the commer-
clal PCB preparattons. Occupational exposure leads to PCB GC patterns 1in
most cases characteristic of exposure to a PCB mixture with 54X chlorine
(Wolff et al., 1982a,b). A} types of exposure lead to the retention and
bioaccumulation of specific PCB isomers and congeners based on thelr

chemical structure and stability (Parkinson et al., 1980a).

PCB residues 1in humans have been demonstrated wor 1dwide. In North
Amer ica, the majority of the general population has PCBs in adipose tissue
at levels up to 2 ppm (Yobs, 1972; Grant et al., 1976); however, other
populations From other countries, for exampie Germany, have been reported to
have higher PCB adipose concentrattions (Acker and Schulte, 1970). Ffew

studies have reported the composition of these total PCB restdues.
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The identification of specific PCB structures in humdn tissues may Dbe
impor tant not only Ffor assessment of long-term persistence but also for
evaluation Af potential health effects. The importance of the latter is due
to the specificity of toxicity and inducibility of mixed function oxidase
enzymes by these persistent PCB 1somers and congeners. At the present time,
the consequence of the persistence and bioaccumulation of these specific PCB

congeners and isomers 1s unknown.

Acute and Short-Term Exposure
Unlike animal studies (Chapter V), there is little information regarding

acute or short-term PCB exposure conditions nor any reports of possible
consequences of the exposure in humans. The majority of the data on P(CBs
and humans comes from long-term exposure incidents, that 1is, occupational
exposure or undetermined exposure duration such as occurred with direct
introduction of PCB-containing material into the food chain from contami-

nated rice oil.

Chronic Exposure

Because of the chemical complexities of PCBs and the nature of PCB expo-
sure in humans, 1t s not surprising that data on the behavior of specific
PCB isomers and congeners as well as on effects of contaminants alone or in

combination on the human system do not exist.
The problems associated with considering PCBs as one entity is presented

in the literature on human health effects of PCBs. As previously pointed

out, individual PCB isomers and congeners as well as the contaminants of PCB
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mixtures vary extensively 1in their biologic, ecologic and toxicologic
behaviors. However, for the most part, reports on human PCB exposure do not

cons ider this fact and analytical data are presented as total P(CBs.

At the onset it 1s important to make the distinction as to the type of
PCB compound and the exposure conditions that have generated the literature
on human health effects. The importance of clinical and toxicological data
obtained from the relatively large numbers of humans exposed to PCBs cannot

be ignored but must be placed in proper perspective.

Occupational Exposure. In the past 60 years, large numbers of workers
have been exposed to PCBs in the manufacture or use of PCB-containing
products; however, evaluation of any health effects 1s complicated by
exposure to other chemicals. MWith this consideration the following sections

summar ize the information on PCB exposure and resultant health effects.

Historically, the original toxicological data on PCBs were produced in
occupational settings. Exposure to PCBs may occur through absorption by
skin or respiratory or alimentary tracts. These studies were reviewed in

detall by NIOSH (1977).

Generally speaking, symptoms assoclated with PCB exposure do not corre-
late with duration and intensity of exposure in the workplace. However, PCB
residues in serum is proportional to that of the adipose tissue and had a
positive correlation with exposure conditions and alterations in some clini-
cal parameters, such as elevation of SGPT (Wolff et al., 1982a,b; Ouw et

al., 1976; Maront et al., 198la,b; Fischbein et al., 1979).
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Skin -- The most commonly encountered dermatologic symptom associated

with PCB exposure 1is chioracne. Chloracne s produced upon exposure to
chlorinated hydrocarbons, for example, napthalenes and biphenyls. The skin
lesion manifests Ytself as follicular keratosis with comedo formation and
acneform eruptions. At first the Jlesion was thought to be a contact
phenomenon as it developed on skin not covered by clothing, but subsequently
it has been determined that systemic exposure to PCBs will also produce the

dermatitis.

Differences in the lesions occur with the amount of chemical exposure,
patient age and lesion site. Although there is one report that correlated
time of exposure with severity of 1lesions (Schwartz, 1943), other reports
indicate that there is no good correlation of occurrence of chloracne and
its severity with duration of employment (Fischbein et al., 1979; Ouw et
al., 1976). Thus, 1t appears that individual susceptibility to chloracne 1is

more important than duration and extent of PCB exposure.

Many case studies In the literature describe varying degrees of chlor-
acne as a result of occupational exposure to PCBs. Early case studies of
occupational PCB exposure were reported by Jones and Alden (1936), Orinker
et al. (1937), Schwartz (1943) and Meigs et al. (1954). Jones and Alden
(1936) reported 16 cases of chloracne among workers employed in the manufac-
ture of PCBs; these are summarized in Table VI-1. These workers were also

exposed to impure benzene.

PCB air concentrations have been reported and related to the occurrence

of chloracne. The air concentration of 0.1 mg Aroclor/m?® was assoclated
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TABLE vI-1

Summary of the Symptoms in Sixteen Cases of Acneform Eruptiont

Case Age Duration
Number (years) Race of Exposure Type of Skin Type of Eruption
(months)
1 22 white 6 seborrheic; diffuse comedones;
previous acne few cysts
2 28 white 5 average diffuse comedones;
few cysts
3 32 white NR seborrheic diffuse comedones;
large cysts and
pustules
4 36 white 10 average dry diffuse comedones;
large cysts and
abscesses
5 28 white NR average diffuse comedones;
few cysts on face
and neck
6 30 white 8 seborrheic; diffuse comedones;
previous acne deep abscesses on
- neck; severe cysts
1 20 Negro 8 seborrheic erythematous diffuse
comedones; few small
cysts
8 19 Negro 5 average few scattered
comedones; occasional
cysts
9 26 Negro NR seborrheic d1ffuse comedones;
cysts; small
abscesses
10 kY] white 9 average scattered comedones;
occasional abscesses
n 56 white NR dry scattered comedones;
occasional abscesses
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TABLE VI-1 (cont.)

Case Age Duration
Number (years) Race of Exposure Type of Skin Type of Eruption
(months)
12 20 white 2 seborrheic few comedones;
occasional abscesses
13 37 white NR average occasional comedones
14 23 Negro 12 average very few comedones
15 22 white NR seborrheic scattered comedones
16 20 Negro NR seborrheic diffuse comedones;
few cysts on back
and face
*Source: Jones and Alden, 1936
NR = Not reported
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with seven cases of chloracne among 14 uorkers' 19 months after initiation of
exposure (Melgs et al., 1954). The mean length of exposure was 14.3 months

for affected workers and 11.4 months for unaffected workers.

Quw et al. (1976) compared dermatologic parameters of 34 electrical
industry workers exposed to electrical grade (no impurities) Aroclor 1242
with those of 30 control volunteers. Major worker complaints consisted of
burning of the eyes, face and skin. One worker had chloracne without
systemic effects, and five workers had eczematous hand and leg rashes.
These dermatologic effects occurred at an air concentration of <1 mg/m?

PCB.

A subsequent study of capacitor manufacturing workers recorded the air
levels (8-hour TWA) of PCBs as 0-11.0 mg/m® (Fischbein et al., 1979). The
clinical study surveyed a cross-section of 326 capacitor manufacturing
workers (168 males, 158 females; mean years. of employment, >15) exposed to
various PCB mixtures (Aroclors 1254, 1242, 1016 and 1221). Both plants
surveyed in this study also used chlorinated benzenes. The duration of P(B
exposure and age distribution by sex of the capacitor manufacturing workers
are given in Tables VI-2 and VI-3, respectively. Dermatologic symptoms,
Including rash, burning sensation, acne, pigmentation (darkening), and
thickening and discoloration of the fingernails, were reported. The preva-

lence of these dermatologic symptoms is given in Table VI-4.
Maroni et al. (1981b) reported blood PCB concentrations of 41-1319 ppb

in 80 electrical workers (40 male, 40 female) employed in Italian electric

capacitor manufacturing and testing plants. Of the 80 workers, 67 were
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TABLE VI-2

Duration of PCB Exposure of 326 Capacitor Manufacturing Workers®

Ouration Number of Workers Percent

{years)
<5 33 10.1
5.0-9.9 68 20.9
10.0-14.9 S7 17.5
15.0-19.9 37 11.4
20.0-24.9 95 29.1
225.0 36 11.0

*Source: Fischbein et al., 1579
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TABLE VI-3

Age Distribution of 326 Capacitor Manufacturing Workers by Sex*

Age Total Number » Males Females
(years) Examined

<30 49 k] 16
30-39 61 4 20
40-49 88 48 40
50-59 93 21 66
60-69 25 13 12

>70 10 6 4
Total 326 ’ 168 158

*Based on data from Fischbein et al., 1979
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TABLE VI-4

Prevalence of Reported Dermatologic Symptoms Among 326
Capacitor Manufacturing Workers®

Symptom Number Percent
Rash 128 39.3
Burning sensation 81 24.8
Acne 35 10.7
Pigmentation (darkening) 8 2.5
Thickening 12 3.7
Discoloration of fingernails ’ 8 2..

*Source: Fischbein et al., 19719
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exposed to Pyralene 3010 (a PCB mixtyre containing 42% chlorine) and 13 were
exposed to Apirolio (a PCB mixture containing 42% chlorine). The mean age
of the workers was 37+8 years, and the mean duration of employment was 12+6
years. There were six cases of chloracne among the 80 workers, as shown in

Table VI-5.

Reproductive System -- Quantitative and qualitative examination of PCB
residues in blood of women occupationally exposed to PCBs and their nursed
children were conducted (Kuwabara et al., 1978). The data obtained indi-
cated that PCBs are retained in the children's body for many years after
breast feeding and a longer feeding of mothers' milk increased PCB levels in
the blood of the children. In addition, the GC pattern of PCBs present in
the mothers differed from that of the children. The health implications of

such an occurrence is unknown.

Clinical Observations. Exposure to PCBs has been assoclated with a
wide variety of alterations 1in clinical parameters, both subjective and
objective. The following paragraphs give summaries of vartous studies in a

historical manner.

0f seven workers Iintermittently exposed to PCB vapors who developed
chloracne all had normal blood cell counts, urinalysis and blood pressures
(Meigs et al., 1954). Six of these individuals had normal liver function
tests, which included direct and total bilirubin determinations and 24- and
48-hour cephalin flocculation, thymol turbidity and alkaline phosphatase
determinations. The other affected worker had borderline cephalin floccula-

tion and thymol turbidity, which was improved 13 months later.
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TABLE VI-S

Citnical Features of Six Electrical Workers with Chloracne*

Skin Lesions

Age at
First PCB
Exposure

Case Age
No. {years)

Age at
Onset

Current Findings

Affected Regions

1 49 27

39

22

23

kY

a5

vermicular scars,
comedones, super-
ficial cysts and
suppurative fol-
Ticulitis

vermicular scars,
comedones, super-
ficial cysts, and
suppurative fol-
Ticulttis

vermicular scars,
comedones, super-
ficlal cysts, and
supperative fol-

Ticulitis

vermicular scars

folliculitis
(possibly chlor-
acne)

comedones with
erythema (possibly
chloracne)

abdomen, thighs

face, neck

neck, shoulders
arms, back

arms, back,
legs

scrotum

neck, sternum

*Source: Maroni et al., 1981a,b
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Although in the previous study PCBs were not found to alter hepatic
function as Judged by the clinical tests, Aroclor 1016 has been reported to
alter drug.ﬁetaboltsm through the mechanism of hepatic enzyme induction in
exposed workers (Alvares et al., 1977). A significantly decreased mean
antipyrine half-1ife (10.8 hours) In five exposed workers as compared with
nonexposed control subjects (half-1ife of 15.6 hours) was reported. There
was also increased metabolic clearance rates in workers exposed to Aroclor
1016. Therefore, the author suggests that PCBs accelerate the rate of drug
metabolism in man. No systemic toxic effects were reported among the

PCB-exposed workers.

In another study, apparent systemic dysfunctions occurred. Warshaw et
al. (1979} reported the incidence of various symptoms 1in capacttor manu-
facturing workers to be: pulmonary and ocular symptoms as indicated by
cough (13.8%), wheezing (3.4%), tightness 1in chest (10.1%) and upper
respiratory or eye irritation (48.2%). There were some abnormal results
found in biochemical and hematologic tests. In pulmonary function studies,
a decredsed forced vital capacity was seen in 34/243 workers examined (14%),

but no abnormalities were seen in chest X-rays.

Health conditions of 80 electrical workers exposed for many years to PCB
mixtures who had blood PCB concentrations of 41-1319 ug/kg were reported
(Maroni et al., 1981a,b). Sixteen of the maies had liver abnormalities,
1nc1udjng hepatomegaly and hepatic dysfunction (indicated by an Increase in
serum enzymatic activities); for 20% of these, the blood PCB concentration
was <200 ppb. No liver abnormalities were reported among exposed female
workers. There were two cases of bleeding hemangioma, one of whom also had

chronic myelocytic leukemia.
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Direct Introduction of PCBs into Foodstuffs

Yysho Incident. The first documentation of human effects as a result
of 1ngestion-of PCBs was derived from the Japanese poisoning incident that
occurred in 1968. In 1968, the victims suffered an acute toxicosis from
consuming rice oil contaminated with an industrial oil (a commercial brand
of PCBs), Kanechlor-400 consisting of a mixture of polychlorinated biphenyls
(PCB), polychlorinated dibenzofurans (PCDF) and polychlorinated quinones
(PCQ). The average total amount of PCBs consumed was estimated to be ~2 g,
with ~0.5 g being the least total amount consumed by an affected group of
some 325 people at the time (Kuratsune et al., 1972). The PCB o1l that got
into the rice oll was estimated to contain 5000 ppm PCDFs, some 250 times
more concentrated than the 18 ppm found in Kanechlor 500 by GC/MS methods
(Nagayama et al., 1976). The presence of the potent toxicant PCDFs in the
Yusho oil probably contributed to the overall toxicologic effects seen 1in

Yusho patients.

Yu-Cheng Incident. A similar mass outhreak of a pecullar skin disease
was recorded in Taichung and Changhwa in Central Talwan. The cause of the
disease was-later identified to be the ingestion of rice bran oll contami-
nated with PCBs, and there were >1900 victims. B8lood PCB 1levels of 66
affected persons ranged from 11-720 ppb (mean 49 ppb) at ~9-12 months after

consumption of the PCB-contaminated oil (Chen et al., 1980).

The presence of polychlorinated quaterphenyls and dibenzofurans was
documented (Chen et al., 1981). The PCDF levels In the Talwan episode were
less than that in Japan. The rice oill consumed in Talwan consisted of

larger percentages of penta-, hexa- and heptachlorobiphenyls than did that
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consumed by the Japanese. The concentration of PCBs and PCDFs in six

different samples of the contaminated o1l are given in Table VI-6.

Prevalence of PCDFs in rice oil and in tissues of Yusho and Yu-Cheng
victims strongly suggests that PCDFs are the resonsible compounds for
adverse health-effects 1in these incidents. This 1is substantiated by the
observations that PCBsS and polychlorinated quaterphenyls, (PCQ) which were
also detected in the rice oil samples from these incidents, fall to cause
toxic response simitlar to those of PCDFs in experimental animals. (Masuda
and Yoshimura, 1984; Masuda et al., i985; Kunita et al., 1984, 1985;
Kikuchi, 1984; Chen et al., 1984, 1985; Miyata et ai., 1985; Kashimoto et
al., 1985).

Although the PCDF concentrations in Yu-Cheng \Iincident rice o1l were
lower than in the Yusho o1l, it has been estimated that the average intake
during the exposure period was more or less identical: 973, 3.8 and 586 mg
in Yu-Cheng (Chen et al., 1985) and 633, 3.3 and 596 mg in Yusho victims
(Hayabucht et al., 1979) for PCBs, PCOFs and PCQs, respectively. The tissue
distribution of PCDFs with the relative concentrations of the various
isomers 1indicates that in 1liver and other tissues the major congeners
detected were 1,2,4,7,8- and 2,3,4,7,8-PeCDFs and 1,2,4,7,8-HxCDF. Minor
quantify of 2,3,7,8-TCDF and 1,2,3,4,6,7,8-HxCDF were also found (Masuda et
al., 1985; Chen et al., 1985).

A1l the PCDFs retained had at least 3 chlorine atoms at the 2,3,7,8
positions and no vicinal hydrogens in the dibenzofuran ring. Though
unhalogenated vicinal-C-atom congeners were present in the rice oll no such

unhalogenated congenes were detected in the Yu-Cheng patients (Chen and
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Hites, 1983). Rappe et al. (1979) also reported similar observation in a
Yusho patient.

A correlation between the severity of clinical symptomatology in Yusho
patients and the estimated contaminated oll ingestion (PCBs+PCFOS+PCQs) was
reported (Kuratsune et al., 1972; Nagayama et al., 1976; Hayabuchi et al.,
1979). However there is much evidence to support the hypothesis that PCDFfs
and not PCBs are responsible for the disease. Analysis of the concentra-
tions of PCDF and PCB in the liver and adipose tissue of Yusho patients and
of control subjects killed in traffic accidents revealed comparable P(C8
concentrations in tissues of the two groups, but PCOF (in the range of ppb)
only in the organs of Yusho patients (Masuda and Kuroki, 1982). Other
evidence of the importatnce of PCDF and PCB in determining the Yusho and
Yu-Cheng syndrome has been obtained more recently. Kashimoto et al. (1985)
compared the blood levels of Yusho (11 years after the outbreak) and
Yu-Cheng patients with that of occupationally PCB exposed workers (19 years
after termination) and unexposed people. fn spite of high levels of PCBs iIn
all the samples, detectavlie amounts of PCOFs were only found in the blood of
Yu-Cheng patients. In 113 Yu-Cheng patients there was a clear correlation
between the blood PCDF concentration and the severity of dermatological
symptoms. PCQs were present in the blood of all the Yu-Cheng patients 6
months after exposure and in 54 of the 56 1iving Yusho patients 11 years
after the outbreak. The presence of PCQs in blood can be considered a good

marker of past ingestion of contaminated otl.

In the blood of Yu-Cheng patients there was a sidtinctive PCB pattern,
very different from the original pattern (Masuda et al., 1985) and richer in

the more chlorinated ‘isomers (for example, 2,3,4,5,3',4'-hexa-CB is a PCB
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that is highly biloaccumulative). This distinctive chromatogram nas now Deen
adopted as one of the criterla for identification of Yu-Cheng disease.
Preliminary data in the three Taiwan Yusho patients indicated that in
the first year after exposure blood concentrations of penta- and hexa-CDf
dropped 20 and 15%, respectively. Thus, the half-time of highly-chlorinated
PCOF in man appears to exceed 1 year (Rappe et al., 1983). Rappe et al.
(1979) actually detected reliable levels of PCDF in blood of Yusho patients
10 years after the intoxication. Of particular interest is the detection of
high concentrations (100-500 ppt) of 2;3.4.7.8-PeCDF and 1,2,3,4,7,8-HxCOF

in the placenta if Yusho women 5 years after exposure (Wong et al., 1982).

Noncarcinogenic Toxic Effects Observed
Skin. Kuratsune et al. (1969) reported that the most notable symp toms

of Yusho among 189 patients included dark brown pigmentation of nails and
skin, follicular accentuation, acneform eruptions, increased eye discharge,
Increased sweating at the palms and feeling of weakness. The percent dis-
tribution of symptoms among 189 Yusho patients is summarized in Table VI-7.
Acneform eruptions and pigmentations were most prevalent. With passage of
time these dermal symptoms improved considerably but the patients still
experienced some dermal conditions after several years (Urake and Asahi,

1985).

Similarly, the major clinical signs of contaminated rice oll ingestion
In the Yu-Cheng 1incident were skin disorders such as pigmentation and

acneform eruptions (Chang et al., 1980a,b).
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Immune System. PCB exposure in the human has been shown to affect the
immune system. Shigematsu et al. (1978) reported that human subjects who
consumed Pcé contaminated rice oil were more susceptible to respiratory
tract infectlons. Yu-Cheng patients had lower serum I[gA and IgM, decreased
percentages of T cell subpopulations (L1, Y-C and Wu, Y-C, 1985, Chang et
al., 1980a,b) and decreased delayed type skin hypersensitivity response to

streptokinase and streptodornase (Chang et al., 1980a,b, 1981).

Reproductive System. The maternal-perinatal system also appeared to
be affected with the consumption of PCé-contam1nated rice oil1. From these
incidents it is apparent that PCBs cross the placenta and can be transmitted
in mothers milk (Abe et al., 1975; Yoshimura, 1974; Kodama and Ota, 1980;
Kuratsune, 1976).

Embryos, fetuses and neonates (2-3 months old) are a subpopulation at
special risk because of 1inherent physiological differences from the adult
human. This subpopulation usually lacks the hepatic microsomal enzyme
systems, including the glucuronidation pathway, that are capable of oxidiz-
ing PCBs to facilitate the detoxification and excretion of these compounds
(Calabrese and Sorenson, 1977; Gillette, 1967; Nyhan, 1961). Breast-fed
infants are at greater risk also because of a steroid excreted in human
breast milk, but not in cow's milk, that inhibits glucuronyl transferase
activity, and thus glucuronidation and excretion of toxicants such as PCBs,

by >20% (Calabrese and Sorenson, 1977; Gartner and Arias, 1966).

Yamashita (1977) reported four cases of infants born to mothers who had
Yusho during pregnancy. The amount of PCB-contaminated oll consumed during

Pregnancy was ~1.1-10.5 t. Maternal symptoms included acneform eruptions,
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TABLE VI-6

Concentration of PCBs and PCDFs in the Toxic Rice-Bran 0i1s
That Caused "PCB Poisoning® in Taichung, Taiwan®*

Sample No. PCB (ppm) PCDF (ppm) PCB/PCDF Ratio
1 405 1.68 241
2 53 0.180 294
3 99 0.399 248
4 18 0.250 312
5 n 0.209 Jes8
6 65 0.297 219

*Source: Chen et al., 1981
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TABLE VI-7

Percent bistribution of Signs and Symptoms of Yusho Among 189 Persons*

Symptoms Males females
{n=89) {n=100)
Dark brown pigmentation of nails 83.1 75.0
Distinctive hair follicles 64.0 56.0
Increased sweating at palims 50.6 55.0
Acnelike skin eruptions 87.6 82.0
Red plaques on 1imbs 20.2 16.0
Itching 42.7 52.0
Pigmentation of skin 75.3 72.0
Swelling of 1imbs 20.2 41.0
Stiffened soles 1n feet and palms of hands 24.1 29.0
Pigmented mucous membrane 56.2 47.0
Increased eye discharge 88.8 83.0
Hyperemia of conjunctiva 70.8 1.0
Transient visual disturbance 56.2 55.0
Jaundice 11.2 11.0
Swelling of upper eyelids 7.9 74.0
Feeling of weakness 58.4 52.0
Numbness in 1imbs 32.6 39.0
Fever 16.9 19.0
Hearing difficulties 18.0 19.0
Spasm of 1limbs 7.9 8.0
Headache 30.3 39.0
Vomiting 23.6 28.0
Diarrhea 19.1 17.0

*Source: Kuratsune et al., 1969
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follicular accentuation; dark brown pigmentation on the skin, muCous mem-
branes and nails; and hypersecretion of thevnwibomian gland. Three of tne
four infants, including one full-term (40 weeks gestation), one premature
(36 weeks gestation), and one 2 weeks later than term (42 weeks gestation),
were small-for-gestational age (both weight and height). Other clinical
features among the four infants included dark brown pigmentation on the skin
and mucous membranes, gingival hyperplasia, eruption of teeth at Dbirth,
spotted calcification on the parieto-occipital skull and the large or wide

fontanels and sagittal suture, facial edema and exophthalmic eyes.

Hsu et al. (1985) reported 39 infants showing hyperpigmentation were

born from poisoned mothers in Yu-Cheng incident.

Kuratsune et al. (1969) summarized four studies (Yamaguchi et al., 1971;
Tak) et al., 1969; Funatsu et al., 1971; Kikuch! et al., 1969) of 10 1live
and 3 stillborn births from February 15 to January 31, 1968, to 11 females
with Yusho during pregnancy and 2 wives of males with Yusho during the
female's pregnancy. The amount of Kanechlor-contaminated o1l consumed
during pregnancy was 0.3-2.6 ¢ (Yamaguchi et al., 1971). O0f 10 live and 2
stillborn births, 9 had unusually grayish, dark-brown stained skin, § had
similar pigmentation of the gingiva and nails and most had increased eye
discharge (Yamagucht et al., 1971; Taki et al., 1969; Funatsu et al., 1971).
0f the 13 infants, 12 were described as smaller than the national Japanese

standards and 4 as small-for-dates babies (Yamaguchi et ail., 1971; Taki et
al., 1969).
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Yoshimura (1971) compared the growth of 42 school-aged children with
Yusho (23 males, 19 females) with that of 719 sex-matched classmates
described as betng “healthy.® For the years 1967-1969, the height and
weight gains of girls with Yusho were unaffected, while boys with Yusho had

significant height and weight gains.

Clinical Observations. The initial Yusho symptoms, reported among 136

pattents, are summarized in Table VI-8. Based on the estimated amounts of
Kanechlor-contaminated rice otl consumed in Table VI-9 and the clinical
severity of resulting effects 1in different age groups in Table vI-10, a

qualitative dose-response relationship was prepared (Kuratsune et al., 1972).

The clinical abnormalities displayed by Yu-Cheng patients were decreased
red blood cell counts, increased total white cell counts and decreased hemo-
globin. The patients presented with swelling of the eyelids and increased

discharge from the eyes, headache, nausea and numbness of the Timbs (Chang

et al., 1980b).

Clinical parameters evaluating liver function were suggestive of hepatic
dysfunction in both the Yusho and Yu-Cheng patients. Inverse correlation
between serum bilirubin concentration 1in Yusho patients and blood PCB
levels, with mean serum bilirubin concentrations of 0.48+0.26 mg/100 me 1In
121 Yusho patients and 0.87:0.33 mg/100 me in 257 healthy adult controls
have been noted. Increased serum triglyceride concentration was observed in
Yusho patients. Similarly, increased triglycerides and elevated activities
of serum transaminases and alkaline phosphatase were recorded in the

Yu-Cheng patients {(Chang et al., 1980a).
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TABLE VI-8

Init1al Symptoms of Yusho Among 136 Persons*

Patients
Initial Symptoms

No. %
Swelling of upper eyelids, increased eye discharge 52 38.3
Acne-form eruption, follicular accentuation 45 33.1
Edematous swellng of 1imbs 9 6.6
Languishment 4 2.9
Disturbances in digestive canal 4 2.9
Numbness and other neurological signs 9 6.6
Pigmentation of skin 13 9.6
Total 136 100.0

*Source: Goto and Higuchi, 1969
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TABLE VI-9

Relationship Between the Amount of Kanechlor-Contaminated Rice

011 Consumed and Clinical Severity of Yusho*

Estimated Nonaffected Light Cases Severe Cases Total
Amount of 011

Consumed No. % No. % No. % No. %
<720 my 10 12 ¥ 8 31 39 80 100

720-1440 m 0 0 14 AN N 69 45 100

>1440 me 0 0 3 14 18 86 21 100
*Source: Kuratsune et al., 1972
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TABLE VvI-10

Relationship Between Clinical Severity of Yusho and Age
of Affected Persons?

Number of Patients By Clinical Severity

Estimated Nonaffected  _“Light"d "Severe*D Total
Amount of Age
011 Consumed (years) No. % No. % No. % No. %
<720 m <12 3 16.7 13 72.2 2 1.1 18 100
13-29 2 8.3 1 29.2 15 62.5 24 100
>30 5 13.1 19 50.0 14 36.9 i8 100
Total 10 12.5 39 48.8 N 38.7 80 100
720-1440 m <12 0 0 S 50.0 5 50.0 10 100
13-29 0 0 1 6.7 14 93.3 15 100
>30 0 0 8 40.0 12 60.0 20 100
Total 0 0 14 31.2 N 68.8 45 100

dSource: Kuratsune et al., 1972

BCiinical severity was classified as "light® or "severe," as defined by
Goto and Higuchi (1969); further detatls enumerating clinical features of
this classification scheme were not reported.
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PCB exposure in experimental animals is known to cause abnormal urinary
excretion of heme precursors, thus the urinary excretion of these precursors
were examined in both the Yusho and Yu-Cheng patients. PCB poisoning caused
an increased excretion of delta-aminolevulinic acid (0.72-1.00 mg/24 hours)
and uroporphyrin (13.6-41.2 ug/24 hours), but not 1in the excretion of
porphobilinogen or coproporphyrin (Chang et al., 1980b). Similar studies on
Yusho patients failled to reveal any differences in porphyrin metabolism;
however, the studies were conducted long time after the incident (Strik et

al., 1979; Nonaka et al., 1979).

Human Cancer Studies (Inhalation and Dermal Contact)

Two brief reports in the 1iterature have noted an increased incidence of

malignant melanomas 1n workers heavily exposed to PCBs. Bahn et al. (1976,
1977) reported two malignant melanomas 1In 31 research and development
employees (6.5%) of a New Jersey U.S. petrochemical plant that had used
Aroclor 1254 for 9 years (ending in the late 1950s). Quantified exposure
levels or concentrations are not given._ This incidence was significantly
greater than expected (p<0.001), based on a person-year analysis and com-
parison with the Third National Cancer Survey incidence rates (NCI, 1975).
Only 0.04 malignant melanomas would be expected among 31 persons for a rate
of 0.13%. In a second group of 41 refinery workers exposed to "low" levels
of Aroclor (quantified exposure levels not reported), one had a malignant
melanoma. Exposure to other potential and known carcinogenic substances was

not evaluated although they were believed to be present (Lawrence, 1977).

NIOSH (1977) expanded upon the report on New Jersey petrochemical
workers by noting that eight cancers were observed in the study population

of 51 research and development employees and 41 refinery plant employees
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known to have been exposed to Aroclor 1254 followed to January 1, 1976 wnile
5.7 were expected when compared with that of a simtlar sample of the U.S.
population.' 0f the eight, three were melanomas while two were pancreatic
cancer. Both were significantly Increased over expected cases according to
the authors, although no figures were provided of expected cases. PCB expo-
sure histories were based upon recollections of two company employees. A
more extensive investigation was reported by NIOSH to be in progress by a
B.N. Kightlinger in a written communication to NIOSH. However, to date we
have been unsuccessful in acquiring information about this more extensive
investigation. Details about this study are sketchy at best in all three

reports.

Davidorf and Knupp (1979) calculated the Incidence of ocular melanoma on
a county-wide basis in the State of Ohio over an 11-year period from
1967-1977. This survey was prompted by reports of an association of cutane-
ous melanomas with ultraviolet radiation or exposure to PCBs. The authors
identified counties with industries that might use PCBs and counties with
known high concentrations of PCBs determined by level of PCBs found In fish
as well as location of industries known to produce PCBs. The purpose was to
evaluate the 1incidence of ocular melanomas with respect to proximity to
areas of high concentrations. Information on primary choroldal melanomas
was obtained from "tnstitutions,” such as hospitals and tumor registers in
Ohio and adjacent states who may have had adult residents as patients. Some

698 white Ohio patients were identified from this endeavor.

Over the 11-year period, an average incidence of 1.09 cases/100,000/year
were found. This incidence did not differ significantly with any single

year's incidence. The authors did note, however, that other studies
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reported an incidence of 0.6 cases/100,000/year (Scotto et al., 1976). The
authors attribute the difference to the use of medical records at hospitals
and not Jus.t tumor registry data. The county incidences over the 11-year
period also did not reveal any pattern of distribution that was correlated
with areas of high PCB occurrence. The authors suggest this may in part be
due to small population sizes in certain areas they thought were clinically
over-represented. This was compounded by the fact that fewer persons in

poorer rural areas tend to seek early medical care.

Brown and Jones (1981) conducted a retrospective cohort mortality study
on 2567 workers who had completed at least 3 months of employment at any
time in any area of two capacitor manufacturing plants where potential for
exposure to PCBs existed. PCBs had been used at the facilities for >30
years before the cut-off date of the study on January 1, 1976. Aroclor 1254
was used first but changed over the years to Aroclor 1242 and finally to
Aroclor 1016. MWorkers exposed to trichloroethylene (TCE) were excluded from
the cohort. Time-weighted average (TWA) personal air samples in the two
plants ranged from 24-1260 ug PCB/m®. Vital status ascertainment was
98% complete. Observed deaths were contrasted with expected deaths based
upon U.S. white male and female deaths. All cause mortality was lower than
expected in plant 1 (73 observed deaths vs. 76.7 expected) as well as in
plant 2 (90 observed vs. 105.6 expected). Combining two cohorts produced a
nonsignificant excess risk of 1iver cancer (3 observed deaths vs. 1.07
expected) and a nonsignificant excess risk of rectal cancer (4 observed
deaths vs. 1.19 expected). This excess risk of rectal cancer was limited to

females of plant 2 (3 observed vs. 0.5 expected).

02380 vi-28 04/07/88



No apparent pattern of response in liver cancer was found accoraing %o
the years since first employment (presumably first exposure). All deaths
from liver cancer occurred before the 2oin year of latency. A slight, non-
significant excess risk of cirrhosis of the liver was found after the 20th
year of latency (3 observed vs. 1.49 expected) as well as a nonsignificant
excess risk of cancer of the rectum {2 observed vs. 0.36 expected) after the

20th year of latency.

The authors point out that because of the relative number of deaths in
this cohort, conclusions drawn from the study are only tentative. Although
it appears to be a rather large cohort, relatively few deaths were reported
to have occurred. Indeed, 1n the group of workers who have reached the 20
year latency period, eight cancer deaths occurred while 13.24 were
expected. This may be an indication that the cohort consisted of either
mostly youthful employees or else older employees who only recently had

their first exposure (first employment).

Recently, the author provided an unpublished update of his 1981 study
(Brown, 1986) in which he added an additional 7 years of follow-up, thus
increasing the number of deaths to 295. This was still lower than expected
at 318. Cancer mortality totaled 62 deaths vs. 80 expected. In the later
draft the authors noted a statistically significant excess risk of cancer of
the 1iver and biliary passages (5 observed vs. 1.9 expected; p<0.05). The
excess chiefly occurred in women employed in one plant. The author again
pointed out that these findings are®difficult to interpret” with respect to

exposure to PCBs.
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gut Brown (1986) did offer some evidence to suypport 4 <ausad: re’ar-gn-
ship. In an environmental survey conducted in 1977 by NIOSH, and reported
on in the earlier paper by Brown and Jones (i981). personal TWA exposures to
pCBs (Aroclor 1016) ranged from 24 mg/m3-393 mg/m® at plant 1 while at
plant 2 they were higher at 381 mg/m2-1260 mg/m*. Four of the five
liver cancers occurred in female employees at plants 2. A1l occurred after
the 15th year of follow-up from beginning date of employment. All began
working at a time when levels of exposure were 1likely to be highest.
Furthermore, this group (female employees at plant 2) contributed 41% of the
total person-years to the analysis, the largest contribution. However,
since the two plants may differ in alcohol consumption, dietary habits and
ethnic composition as was pointed out by the author, it would be prudent to
continue following this cohort in order to confirm that the excess risk of
1iver and biilary passageway cancer 1s real. Further analytical work on
this cohort is continuing. It would be prudent to regard these findings

cautiously suggestive.

Bertazzl et al. (1987) completed a retrospective prospective mortality
study of 544 male and 1556 female employees of a capacitor-making facility
fn a small 1industrial town of Northern Italy. Small capacitors were made
for electrical and electronic use while large capacitors were impregnated
with PCBs since 1946. Aroclor 1254 and Pyralene 1476 were used until 1964.
After 1964, they were progressively replaced by Pyralene 3010 and 3011 until
1970 when the lower chlorinated Pyralenes were excusively used. In 1980,
the use of PCBs was completely abandoned. Maximum consumption of PCBs
occurred in 1967-1968. Trichloroethylene was used in the final step of

manufacturing. The workers employed in this last step are described by the
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authors as being protected with efficient ventilation. Certain yn'2

qhe

capacitors were made in which alkylbenzene and expoxy resins were used but

few individuals were involved with this.

Because of reports of chloracne among autoclave operators in 1954,
environmental air samples were measured. For Aroclor 1254 the values ranged
from 5200-6800 wug/m?. Again, in 1977 because of the appearance of 4
cases of chloracne, environmental air samples of Pyralene 3010 ranged from
48 ug/m® to 275 mg/m®. In additon, the quantity of PCBs of workers
hands and workplace surfaces were measured first in 1977 and then again in
1982 (2 years after used of PCBs was abandoned). These results will be
found in Table VI-11. It 1s noted by the authors that a degree of contami-

nation continued to persist until 1982.

The authors contrasted observed mortality with that expected from 1946
to 1982 based upon national and local [taltan mortality rates. Compared to
the size of the cohort relatively few deaths [30 (5.5%) male and 34 (2.2%)
female] were recorded by 1982 with almost a complete vital status ascertain-
ment on the remaining members of the cohort. Less than one half of 1%

remained untraced.

Overall mortality was not different from expected in males but
significantly higher than expected in females when contrasted with local
rates (Table VI-12). However, deaths from cancer were significantly higher
than expected in males whether national or local rates were used (14
observed versus 1.7 national and 2.2 local, p<0.05). Of these one was due

to liver cancer and one was billary tract cancer. Cancer deaths (12) in
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TABLE IV-1

Minimum and Maximum Values of PCBs Recovered from Workplace

Surfaces and Workers Hands Before and After P(Bs
Banning (1980) and Cleaning Operations*

No. of Values (ug/cm?)

Year Samples Min. Max.
workplace Surfaces 1977 18 0.2 159.0
1982 14 0.003 6.3
Workers Hands 1977 9 0.3 9.2
1982 12 0.09 1.5

*Source: Adopted from Bertazzl et al. (1987)
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TABLE [v-12

Mortality From Selected Causes of
Male and Female Workers Exposed to PCBs
(Bertazz! et al., 1987)

Cause of Death Observed Reference Mortality
(ICD 8th Revision) Deaths National Expected Local Expected
MALES

A11 Causes 30 27.8 29.8
Malignant Tumors 14 5.5* 1.6*
(140-209) ;
Gastrointestinal Tract 6 1.7* 2.2*
(150-159)
Hematologic Neoplasms 3 0.8 1.1
(200-209)
FEMALES
A11 Causes 34 25.8 16.5*
Malignant Tumors 12 1.7 5.3
(140-209)
Hematologic Neoplasms 4 ' 1.5 1.1
(200-209)
*p<0.05
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females workers were also elevated by comparison with local rates 5.3
expected, P<0.05). However, this excess risk did not translate into an
increased significant risk of cause speéific cancer. No liver or biliary
cancer deaths were noted in females. Both males and females did experience
an increased nonsignificant risk of hematologic neoplasms (see Table IV-12)

which remains unexplained at this time.

There are several problems with this study that precludes its use at
this time 1in upgrading the classification of the weight-of-evidence of
carcinogenicity. There 1s an absence of significant site-specific cancer in
both males and females. However, this is due to the inadequate power of the
study to detect as significant an elevated risk of site-specific cancer. 1In
actuality, this cohort needs further follow-up to determine if any trends
are apparent since so few deaths have occurred by the cut-off period in this
study. Latent factors were not examined probably because of the small
number of deaths observed during the follow-up period. Additionally, other
possible confounders may be present. Possibly trace amounts of dibenzo-
furans (PCDFs) may be found in the PCBs. Other substances such as tri-
ch1oroethy1gne. alkylbenzene and epoxy resins have also been reported in the
plant by the authors. Ffurthermore, the study does not consider the healthy
worker effect in its comparison with national and local death rates nor does

1t analyse latent effects except on an individual case by case basis.

Human Cancer Studies (PCBs Polsoning Episodes - Ingestion Only)
Amano et al. (1984) recently completed a 16-year cohort mortality study

of 1086 victims of the Yusho iIncident in Japan. The 581 males and 505

females sustained a total of 70 deaths (42 males vs. 45.81 expected and 28
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femaies vs. 31.03 expected througn Qctober 2', 1983, over jge 40 2ase: .zc-
Japanese national death rates). Expected deaths were derived from bas‘c
death rate .data (sex-, age- period-adjusted) for each cause generated by the
welfare Ministry of Japan. In persons over 40 years of age overall cancer
mortality was greater than expected in men but no different in women. In
men 19 cancer deaths occurred vs. 11.50 expected, and 1in women 7 cancer
deaths occurred vs. 7.20 expected. However, by organ site, only the risk of
1iver cancer was consistently high In both men and women during the entire
16-year period of observation. Even after a 9-year latent perilod, the risk
of liver cancer in males was significant (S observed, 0.75 expected,
p<0.01). The risk of liver cancer was also significantly elevated after 9
years observation time utilizing Just the rates of Fukuoka prefecture only,

the province where the Yusho incidence occurred (Table VI-13).

However, in follow-up studies done on the victims of the rice oil poil-
soning incident, particular isomers of the Ingested PCBs were found in liver
tissue in the proportion 4-1 compared with PCOFs several years later. They
appear to persist in liver tissue to a greater extent than do PCBs, which

also persist in both llver and adipose tissue (Kuratsune et al., 1975).

The Amanoc et al. (1984) paper that has been translated from Japanese \s
not without problems. First, the Information concerning the dtagnostis of
liver cancer in the victims is described as having been obtained from the
family of the victims. These diagnoses are not described in this paper as
having been verified. Second, the sum of the expected deaths in the tables
do not add up to total expected deaths thus leading to speculation that this

paper 1is perhaps preliminary or lacks scientific review, although 1t was
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TABLE VI-13

Risk of Death From Cancer of the Liver in 011 Poisoned Patients
by Sex and Period of QObservation, Japan and in Fukuoka Prefecture*

Sex and Period

Region of Observation Observed Expected

Japan Males 6 1.22 (p< .01)
1969-1976 1 0.44
1977-1983 5 0.75 (p<0.01)
Females 2 0.54
1969-1976 1 0.19
1977-1983 1 0.24

Fukuoka Prefecture Males
1977-1983 3 0.66 (p<0.05)
Females
1977-1983 1 0.17

*Source: Amano et al., 1984
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pubiished 'n d Japanese Jjournal. Tnird, no !information s glven rega~:'-;
job histories or the influence of alcoholism or smoking. The influence of
type B hepatitis with respect to the risk of liver cancer in these patients
“can be dismissed* according to the authors because there appeared to be no
difference between the Australlan antigen positive rate of the o'l polsoned

patients and that of healthy blood donors.

In view of the problems that need to be addressed 'n this study a def!-
nite concluston that PCBs caused the significant risk of liver cancer 1in
these patients cannot be made. However, the finding of a definite elevated
liver cancer risk in the Yusho victims cannot be dismissed. Further con-
firmatory research needs to be accomplished. Until the gquestions above are
answered 1t 1s not possible to classify the human carcinogenicity evidence

as more than suggestive with respect to exposure to PCBs.

In an effort to determine whether the Increased risk of liver cancer
reported by Amano et al. (1984) in the 1086 victims of the Yusho incident
was real or only artificial, the Cancer Assessment Group (CAG) communicated
with Or. Masanort Kuratsune of Nakamura Gakuen College for further informa-
tton. Dr. Kuratsune and his colleagues in a preliminary analysis provided
mortality data on a much expanded cohort of some 1821 offictally recognized
Yusho patients by the Ministry of Health and Welfare by the end of 1983.
from the cohort the authors excluded nine deceased individuals who were
posthumously recognized as Yusho and another 51 who could “not be confirmed
for survival (vital status),” leaving 1761 (97.5%) whose vital status was
determined through the end of 1983. One hundred-twenty deaths (79 males and

41 females) occurred and were contrasted with expected deaths based upon
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Nationa: Jdpanese deatn rates, age-, sex- and calendar time-spec‘s:c. Ma a
expected deaths equaled 66.13, while female expected deaths equaled 48.9.
Malignant neoplasms in males totaled 34 as compared with 15.51 expected
(p<0.01). This significantly increased risk- was entirely due to a signifi-
cant excess risk of liver cancer (9 observed vs. 1.61 expected., p<0.01) and
a statistically significant excess risk of cancer of the lung trachea and
bronchus (8 observed vs. 2.45 expected., p<0.01). In females, only liver
cancer dppeared excessive albeit nonsignificant (2 observed vs. 0.66
expected). Even if death rates of Fukuoka and Nagasakl prefectures were
used as the comparison population, the locale where the rice o}l poisoning

took place, the risk of liver cancer remained statistically significant.

Although the elevated risk of 1liver cancer s real, the authors are
reluctant to attribute it to the potsoning because of the unusual distribu-
tion of deaths. In Nagasaki prefecture where some 550 patients live, only
one male 1iver cancer patient was seen, but in Fukuoka prefecture eight
liver cancers were fidentified out of >700 patients residing there. Deaths
from liver cancer are not different from expected in Nagasak! prefecture.
The authors reported that they were examining the medical records of the

decedents to confirm the diagnosis of 1lver cancer.

Unfortunately, mortality for each prefecture 1s not separated; hence, it
Is difficult to determine if age, sex or soclo-economic factors or lack of
access to medical care facilities or other factors could be the reason for
the differential liver cancer mortality in patients of these two prefec-
tures. Latency was also not examined. However, the incident occurred In
1968 and affected a large number of persons with certifiable disease; hence,

all live patients had to have been observed at least a minimum of 15 years.
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But, 45 wds noted in the Amano et al (:384) review, :N€3e pa-'2n7; we-:2
exposed to polychlorinated dibenzofurans and polychlorinated quinones as
well. Further efforts are under way to clarify questions about this study.
It would be premature to conclude that these results are anything more than
suggestive at this time with respect to classifying PCBs as carcinogenic to

humans.

Yu-Cheng Incident. An outbreak of a similar nature was reported among

some 2000 persons in the Taichung and Changhwa provinces of Talwan in March
of 1979. In October of 1979 the illness was found to be the result of the
ingestion of rice oil contaminated with polychlorinated biphenyls {PCB).
Chen et al. {(1980) reported on blood PCB levels of 66 victims for which they
had prepared gas chromatograms. Basically, blood concentration residues
ranged from 11-720 ppb in these patients. The mean value was 49 ppb; most
values were under 100 ppb. In only two instances were the concentrations
greater at 120-720 ppb. The authors reported that the higher value of 720
ppb occurred in a patient who had difficulty in metabolizing and excreting
PCB components. They also maintain that blood PCB levels of these patients
are "much higher"® than those of 72 Japanese Yusho patients (Koda and Masuda,
1975) althoﬁgh Koda and Masuda reported the mean PCB value in Yusho patients
was 5.9 ppb with a standard deviation of 4.5 ppb. Chen et al. (1980) main-
tatned that this difference 1s due to a lengthy time lapse from the exposure
to PCB 1in Yusho patients before measurements were taken compared with a much
shorter time lapse in Yu-Cheng patients before measurements were taken.
Furthermore, the patients of Yu-Cheng consumed a larger proportion of highly
chlorinated PCBs compared with those of Yusho and, as a result, they will be

retained longer in the body according to the authors.

02380 vI-39 04/08/88



The most Impartant observation apout tnis study s that dangther mass
poisoning episode took place similar to that of the Yusho incident but it
was more recent and the 2000 or so victims must be monitored and followed to
determine if an excess risk of llver cancer asserts itself after a suitable
latent period has lapsed. No data on cancér morbidity dand mortality has
been reported yet. As of this writing, 6 years 1s not an ample time period
in which an excessive risk of liver cancer would assert 1itself in this
cohort. In a later report Chen et al. {1981) noted as well the presence of
polychlorinated dibenzofurans 1in samples of the toxic rice-bran oills
analysed. The rattos of PCB to that of PCOF ranged from 219 to 368 to 1 in

six samples.

Human Cancer Studies - Summary

Two brief reports of one study of melanoma in workers exposed to P(CBs
and an uypdate of the same study by NIOSH reported a statistically signifi-
cant elevated risk of melanoma based on three cases. However, 1t was
reported that exposure to PCB could not be evaluated and that these same

workers were subject to other potential carcinogens in their work.

An ecological study of incidence rates of ocular melanoma in Ohio
counties revealed no pattern of assoclation with geographic distribution of
areas of high PCB concentrations. However, the measurement of exposure
involved estimating the levels of PCBs in fish and the location of PC8 pro-
duction stites. It is highly unlikely that any positive correlation of one
with the other could be determined given the methodological limitations of
the design.
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A retraspective cohort mortaiity study 'n 138! 4ang 3 pup''sneq .3&&15 3
the same study by the same author in 1986 revealed a statistically signifi-
cant exces§ of liver and biltary passageway cancer 1in workers at two
capacitor manufacturing plants. However, four of the five liver and billary
passageways cancers occurred to female workers of one plant and only one to
males exposed at the other. It cannot be concluded yet that this supports a
casual association because of the small number of deaths involved. The
author maintains the findings are only tentative. Several additional years
of follow-up should be added as well as an evaluation of the possible con-
founding effects of diet, alcohol and perhaps other potential carcinogens

found in the workplace in this study.

In another retrospective study by Bertazzi et al. (1987) 554 male and
1556 female employees of a capacitor-making facility in Italy were found to
have significantly higher risks of total cancer in male as well as female
employees. With respect to site, gastrointestinal tract cancer was
significantly elevated in males. Included in this group of six GI tract
cancers was one liver cancer while a second was biltary tract cancer.
Additionally cancer of the hematopoetic tissue was elevated in both sexes
but not significantly so except in females contrasted with expected local
mortality. Aside from an elevated non-significant risk of hematologic
neoplasms, no clearcut and site-specific risk could be identified. Latency
was not considered. No definite concludion regarding a causal assoclation
between cancer of the GI tract and exposure to PCBs could be drawn from the
results of this study since the risk for females was elevated; and the
remaining tumor sites identified in this category have not been previously

shown to be assoctated with exposure to PCBs.
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Amano et al. (1984) and Kuratsune (1986) reported a statistically s°3-
nificant excess risk of liver cancer in Yusho patients followed over 16
years in bath male and female victims. The authors regard these findings as
only tentative because the excess was found only in one prefecture and not
the other. Ffurthermore, the victims consumed polychlorinated dibenzofurans
and polychlorinated quinones In much smaller quantities at the same time as
the PCBs. Hence exposure to these other chemicals cannot be ruled out as
possible contributors to the excess risk of liver cancer in Yusho patient.
These authors are refining their data at this time and reexamining their

results.

Although these data seem to suggest a possible carcinogenic effect
through the ingestion route and poss161y inhalation route in humans, because
of the tentative nature of the findings, and the fact that refinement and
reevaluyation of the results are underway as well as possible concurrent
exposure to other potential carcinogens, CAG regards the human data at this

time as inadequate but suggestive.

However, it has recently been 1learned (Moolenaar, 1987) that the
International Agency for Research on Cancer (IARC) has classified the human
health data as "1imited® (2A) based upon the findings of the Bertazzl et al.
(1987) and Brown (1986) studies. However, lack of site concordance and
small power in these studies precludes EPA from classifying the weight of

evidence higher than inadequate at this time.
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Health Effects (Other than Cancer) - Summary

Since the start of their production, PCBs have becomg constituents of
environmental media and they have biocaccumulated in animals and humans. The
consequences of the presence of PCBs s not fully understood. The following
section summarizes the studies available for evaluation of the environmental

health effects of PCBs.

Unlike the occupational exposure and contaminated rice oil situations,
environmental exposure to PCBs has not been reported to cause overt toxic
symptoms such as chloracne. The literature indicates that environmental PCB

exposure may induce more subtle biochemical alterations.

It 1s not clear whether PCB mixtures are solely responsible for adverse
health effects or whether contamination of PCB mixtures with PCDFs caused
the toxic response. In Yusho and Yu-Cheng poisoning incidents, the presence
of PCOFs in the contaminated risce oll and in the liver and other tissues of

the victims indicates that PCDFs were the responsible toxic compounds.

Reproductive System. Evidence for fetotoxicity comes primarily from
laboratory studies (Chapter V); however, a recent report indicates that the
human perinatal system may also be a target for PCB toxicity. A study of
individuals who consumed moderate quantities of PCB-contaminated lake fish
indicated that PCBs crossed the placenta. PCB exposure, as measured by both
contaminated fish consumption and cord serum PCB levels, predicted lower
birth weight and smaller head circumference of infants born to these mothers

(Fein et al., 1984).
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High PC8 serum levels were found in some women who NAd recan: 3r *.rme-
missed abortions with mean PCB serum levels of 103.04, 82.00 and 20.69 ppd
for recent missed abortions, former missed abortlons and control groups,
respectively (Bercovici et al., 1983). Some women with premature delivery
had mean PCB serum levels of 128 ppbd in the premature delivery group vs.
26.5 ppb In the control group (Wasserman et al., 1982). The higher PCB
serum levels were associated with increased incomplete abortions (Bercovic!
et al., 1983) and premature deliveries (Wassermann et al., 1982). but a
definitive causal relationship cannot be established, as only small numbders
of women were examined (up to 17 symptomatic; up to 10 asymptomatic), and
some of these women had high serum levels of some organochlorine insecti-
cides (DDT 1isomers and their metabolites, 1lindane, dieldrin, heptachlor

epoxide).

Clinical Observations. PCBs were discovered In sewage sludge used for

fertilizer in Bloomington, Indiana. The metabolic consequences of PCB expo-
sure were studied (Baker et al., 1980). Serum PCB levels in sludge users
were not different from those of other members of the community not using
the sludge. In sludge users PCB levels were assoclated positively with
degree of garden care and negatively with wearing gloves but not correlated
with amount of sludge used or duration of exposure. Plasma triglyceride

levels increased significantly with PCB concentrations.
Kreiss et al. (1981) examined 458 volunteers from Triana, Alabama, >12

years of age, and correlated serum PCB levels (Aroclor 1260) with elevated

blood pressure. The mean serum PCB level among this group was 17.2 ppb.
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Three <classtfications of Dlood pressure medsurement; we”™2 w321, AZTTE
(systolic of <140 mm Hg and dlastolic of <90 mm Hg), borderline hypertenstion
(systolic of 140-159 mm Hg and diastolic of 90-94 mm Hg) and hypertension
(systolic of 295 mm Hg). The incidence of borderline and definite hyper-

tension was increased 30X more than would be expected for a general popula-

tion with the same age, race and sex composition.
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VII. MECHANISMS OF TOXICITY

Introduction

Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs), dibenzo-
furans (PCDFs) and naphthalenes (PCNs) are a class of structurally-related
chlorinated aromatics that are industrial products or by-products and are
formed during the combustion of 1indystrial and municipal waste. The toxic
and blologic effects of commercial PCB mixtures and individual 1somers and
congeners are dependent on a number of factors including the dose of the
toxin and the sex, age, species and strain of animal used. The toxic
responses observed in several animal specles include a wasting syndrome,
thymic atrophy and immunotoxicity, reproductive toxicity, endocrine effects,
hepatotoxicity and porphyria, chloracne and related dermal lesions, carcino-
genicity and the induction of diversé enzymes including several hepatic
drug-metabolizing enzymes (Safe, 1984; Safe et al., 1982, 1985b; McConnell,
1980b; Kimbrough et al., 1978; Matthews et al., 1978; Poland and Knutson,
1982; Parkinson and Safe, 1981). Moreover, it has also been noted that
PCBs, PCDFs, PCDDs and PCNs elicit many similar blologic and toxic responses
in laboratory animals and humans, and the major differences within this

class of chemical pollutants are quantitative in nature.

The proposed mechanism of action of the toxic halogenated aromatics has
initially been derived from studies using the most toxic member of this
class of chemicals, 2,3,7.8-tetrachlorodibenzo-p-dioxin (TCDD). The
synthesis of radiolabeled [?H]-2,3,7,8-TCDD with high specific activity
(52.5 Ci/mmo1) resulted in the identification of a specific binding protein
'n hepatic cytosol of “responsive® C5781/6J mice; in contrast minimal bind-

ing activity was observed in “"non-responsive” 0BA/2]) hepatic cytosol (Poland
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et al., 1976). The role of this Ah receptor protein in the mechanism Ef
action of toxic halogenated aromatics has been thoroughly investigated and
satisfies most of the specific criteria that support a receptor mediated
cellular process (Poland et al., 1979, 1983; Nebert, 1979, 1980; Nebert et
al., 1981, 1983; Nebert and Jensen, 1979; Okey, 1983; Poland and Glover,
1980; Safe, 1986). These criteria include the following: 1) the existence
of a finite number of binding or receptor sites and therefore saturable
binding, 2) high affinity 1igand binding that s commensurate with the
usually low 1levels of circulating hormones, 3) stereoselective binding
capacity for the receptor and 4) tissue or organ response specificity for
the receptor ligand. The role of the 2,3,7,8-TCDD (or aryl hydrocarbon, Ah)
receptor in mediating the biologic and toxic effects of PCBs 1s supported by

several studies that are summarized in the following sections.

Role of the 2,3,7,8-TCOD Receptor Protein
Structure-Activity Relationships.

Induction of Cytochrome P-450-Oependent Monooxygenases -- It was

initlally reported (Alvares et al., 1973; Alvares and Kappas, 1975; Litterst
et al., 1972) that Aroclor 1254 and some related commercial PCBs were unigue
*mixed"-type inducers of the hepatic cytochrome P-450 dependent monocoxygen-
ases. Aroclor 1254 induced microsomal benzo[a)pyrene hydroxylase (or ary)
hydrocarbon hydroxylase, AHH) and N-dealkylase enzymes. The induced micro-
somal enzyme activities, and the spectral and electrophoretic character-
istics of the proteins were similar to those observed after coadministration
of the classical monooxygenase enzyme inducers, phenobarbital and 3-MC.
Subsequent studies have shown that the activities induced by Aroclor 1254

are due to the prefcrential induction of cytochromes P-450a, P-450b, P-450c,
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P-450d and P-450e. Phenobarbital preferentially induces cyi3cnrimes
P-450b+e, 3-MC preferentially induces cytochromes P-450c and d and both com-
pounds induce cytochrome P-450a to P-450e (Ryan et al., 1977, 1979; Botelho

et al., 1979; Thomas et al., 1983).

Several studies with selected PCOD, PCOF and PCB congeners have shown
that there was a rank order correlation between the toxicity of a compound
and its activity as an inducer of AHH (Poland et al., 1979). Thus, tnduc-
tion of this enzyme activity (which is associated with cytochrome P-450c)
has served as a bloassay for identifying the most toxic PCB isomers and

congeners.

In vitro and 3in vivo structure-activity relationships for PCBs as

—

inducers of AHH and cytochrome P-450c showed that the most active compounds,
3,4,4' ,5-tetra-C8, 3,3',4,4'-tetra-(8, 3,3',4,4' 5-penta-CB and
3,3',4,4',5,5 -hexa-CB, required chlorine substitution at both para and at
least two or more meta positions (Poland and Glover, 1977; Parkinson et al.,
1981a). These four PCB congeners contain no ortho substituents and are all
approximate isostereomers of 2,3,7,8-TCOD. Not surprisingly these com-
pounds all bind with relatively high affinity to the cytosolic receptor pro-
teln and are also acutely toxic (Bandiera et al., 1982; Leece et al., 1985).
However, analytical studies indicate that the four coplanar PCBs are minor
constituents of the more active commercial PCBs, Aroclor 1254 and Aroclor
1260 (Sissons and Welti, 1971; Ballschmiter and Zell, 1980; Safe et al.,
1985a; Albro et al., 1981; Mullin et al., 1981) and this fact prompted
others (Safe, 1984; Sawyer and Safe, 1982; Parkinson et al., 1980a.b,
1981a,b, 1982, 1983b; Greenlee and Irons, 1981; Robertson et al., 1984) to

fdentify the active compounds present in these mixtures.
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The introduction of a single ortho-chloro substituent into the Dipneny!
ring results 1n decreased coplanarity between the two phenyl rings. [t was
initlally assumed that reduction in coplanarity of these compounds would
reduce their binding to the cytosolic receptor and eliminate AHH induction
activities. The effects of ortho substituents on PCB activity were evalu-
ated by synthesizing all the mono-ortho analogs of the most active coplanar
PCBs (that s, 3,4,4,5-tetra-CB, 3,3,4,4-tetra-CB, 3,3',4,4',5- penta-CB and
3,3',4,4',5,5'-hexa-CB) (Figure VII-1) and determining the mixed-function
oxidase enzyme-inducting activities in rat hepatoma H-4-11 E cells, and
immature male Wistar and Long-Evans rats (Sawyer and Safe, 1982; Parkinson
et al., 1981a, 1983b). A1l of these compounds induce hepatic microsomqd AHH
and OMAP N-demethylase in the MWistar rats and cytochromes P-450a to P-450e
in the Long-Evans rats. It was apparent that the mono-ortho analogs of the
coplanar PCBs resembled phenobarbital plus 3-MC (coadministered) and Aroclor
1254 in thelr mode of drug-metabolizing enzyme induction. A comparison of
the in vivo and in vitro induction activities of the coplanar and mono-ortho
coplanar PCBs clearly shows that the orthochloro substituent diminishes but
does not eliminate the induction activity. These studies clearly identify
the structures of the active chlorinated biphenyl components in the com-
mercial PCB. Several mono-ortho coplanar PCBs, 1including 2,3,3',4,4'-
penta-CB, 2,3',4,4',5-penta-CB, 2,3,3',4,4',5- hexa-CB and 2,3,3',4,4',5,5"'-
hepta-CB have been identified in a number of commercial formulations includ-
ing the Aroclors, Phenoclors and Kanechlors (Sissons and Welti, 1971; Ball-
schmiter and Zell, 1980; Safe et al., 1985a; Albro et al., 1981; Mullin et
al., 1981).
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The effects of two ortho-chloro sypstituents on the AHH and cytochrame
P-450c induction activities of the di-ortho coplanar analogs were deter-
mined. The results (Parkinson et al., 198la,b; Greenlee and Irons, 1981)
indicated that in male Wistar rats (dose level 300 umole/kg) at least five
members of this group, namely 2,.',3,3',4,4'-hexa-CB, 2,3,3'.4,4' ,6-hexa-(C8,
2,2',3,4,4' .5 -hexa-CB, 2,3,4,4',5,6-hexa-CB and 2,2',3,3',4,4' 5-hepta-CB,
exhibited a mixed-type 1induction pattern. Using the more sensitive
cytochrome P-450 3Ysozyme immunoquantitation assay, i1t was shown that these
five PCBs and at least two additional compounds, 2,3'.4,4',S-penta-C8 and
2,3',4,4',5' ,6-hexa-CB, 1Induced cytochromes P-450a to P-450e in male
Long-Evans rats (dose 1level 500 umole/kg) (Parkinson et al., 198la).
Since not all the dl-ortho coplanar PCBs were evaluated as inducers of
cytochrome P-450c, the isozyme assoclated with AHH induction, it ts possible
that other members of this group may also 1induce this hemoprotein.
2,2',4,4',5,5' -Hexa-CB was the only di-ortho coplanar PCB that did not
induce cytochromes P-450c and P-450d but, 1ike phenobarbital, induced cyto-
chromes P-450a and P-450b + P-4S0e (Parkinson et al., 1981a). Subsequent

studies have not 1dentified any other PCBs that induce AHH activity.

Receptor B8inding Affinities -- The direct binding of radiolabeled PCBs

to the 2,3,7,8-TCOD receptor protein has not been investigated. However,
competitive binding studies wusing [®H])-2,3,7,8-TCOD as the radioligand
have been reported (B8andiera et al., 1982). The structure-activity
relationships reported for PCBs as AHH Inducers and as competitive ligands
for the cytosolic receptor protein were comparable; the coplanar PCB isomers
and congeners bound with higher affinity than the monoortho coplanar analogs

(see Figure VII-1). Several compounds that do not induce hepatic microsomal
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AHH or cytochrome P .450c exhibit 1low affinity for the receptor (E:SQ
>107s M) and these valyes were considered nonspecific T1ipophilic Inter-
actions between the 1igands and the hydrophobic protein binding site

(Table VII-I).

PCB_ Toxicity -- Several studies report the toxicities of diverse PCB

‘somers and congeners and the results clearly demonstrate that the coplanar
congeners are the most toxic group of PCB compounds. Pretreatment of
rodents with the 3,3',4,4"' -tetra-C8, 3.3',4,4' ,5-penta-CB and
3,3',4,4',5,5' -hexa-CB results in hepatic damage, porphyria, reproductive
toxicity, thymic atrophy, marked increases in liver 1lipids, edema (in mice
and chicks) and hepatomegaly (Parkinson et al., 1983b; Leece et al., 1985;
Goldstein et al., 1976; Kohll et al., 1979; Biocca et al., 1981; McKinney et
al., 1976; Yoshihara et al., 1979; Puhvel et al., 1982; Kawanishi et al.,
1978; Swain et al., 1983; Silkworth and Grabstein, 1982; Silkworth et al.,
1984). In the rhesus macaques (Macaca mulatta), 3,3',4.4',5.,5'-hexa-(B was
toxic at dietary dose levels <1 ppm whereas the 2,2',4,4',5,5'-,
2,2' 4,4 .6,6'- and 2,2',3,3',6,6'-hexa-CBs caused no discernible adverse
effects at dose levels up to 65 ppm (McNulty, 1985); comparable structure-

activity relationships were also noted in mink (Auerlich et al., 1985).

Several studies report that many of the mono-ortho coplanar PCB analogs
are also toxic (Safe, 1984; Parkinson et al., 1980a,b, 1981a,b, 1982, 1983b;
Bandiera et al., 1982; Leece et al., 1985; Sissons and Welt), 1971;
Ballschmiter and Zell, 1980; Safe et al., 1985b; Albro et al., 1981; Mullin
et al., 1981; Greenlee and Irons, 1981; Robertson et al., 1984; Goldsteln et
al., 1976; Kohli et al., 1979; Biocca et al., 19831; Hck\nney et al., 1976;
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Summary of Structure-function Relationships

Cytochromes P-450 Inductiond

(% of control)

PCB Structures

Relative % Activity

_AHH Induction

{Number ) P-450c P-450b Receplor
' ' In yiveb In vitro€ Bindingd °
P-450d P-450e
Coplanar PCBs - 1€ (3) 4100-1800 no rer 100-1% 100-35%
induction
Coplanar PCBs - nf (2) 1500-1100 1400-600 " 10729 0.59
Mono-or tho Coplanars (8) 2400-750 4100-2600 +e 0.3-2.4x107° 6-1.5%
Di-ortho Coplanars (12) 900-250 6300-1000 * inactive 50.3h
2,2',4,4',5,5 -Hexa-CB no 1300 inactive inactive <0.3
induction
2,3,7,8-1C00 3500 no 1121 400 2500
‘nduction

nale tong-Evans rats (dose: 500 mol/kg)
Duate Wistar rats (dose: 300 mol/kg)

CRat hepatoma H-4-11-E cells

doeternlned by the competitive displacement of [*H]) TCDD bound to male Wistar rat hepatic cytosol

e3.3‘.4.4'-letra-CB. 3,3',4,4',5-penta-C8 and 3,3',4,4',5,5'-hexa-CB
F3.4,4"-tr1-CB and 3.4,4',5-tetra-CB
Ypetermined only for 3,4,4° 5-tetra-CB

hRepresenls nonspecific binding



Yoshihara et al., 1979; vamamoto et al., 1976; Ax and Hansen, 1975). for
example, 2,3,3',4,4'-penta-CB administered to mice results in a wasting
syndrome {(wéight loss), edema, liver 11pid accumulation, extensive hepatic
damage, and splenic atrophy, 2,3',4,4',5-penta-CB causes 100X embryo
mortality in eggs from pullets recetving the PCB in their diet at a level of
20 ppm (Ax and Hansen, 1975); administration of 2,3',4,4',5-penta-C8 and
2,3,3',4,4" 5-hexa-CB to rats causes 1increased liver weights, 1increased
1iver 1ipids and thymic atrophy; 2,3,3',4,4' ,5-hexa-CB, 2,3,4,4' S-penta-(8,
2,3,3',4,4" 5 -hexa-CB, 2,3,3',4,4',5'-hexa-CB and 2,3,3',4,4'-penta-CB
cause thymic atrophy in male rats. Quantitative structure-activity
relationships for several coplanar and mono-ortho coplanar PCBs has recently

been reported (Leece et al., 1985). A comparison of the ED values for

50
AHH/ethoxyresorufin 0O-deethylase (EROD) 1Iinduction, body weight 1loss and
thymic atrophy in the rat clearly demonstrates the higher toxicity of the
formed group of compounds. Moreover, there was an excellent linear correla-
tion between the in vitro AHH/EROD induction potencies of these compounds

and their in vivo toxicities and AHH/EROD Induction potencies.

The data indicate that the mono-ortho analogs of the coplanar PCBs
elicit toxic effects that resemble (qualitatively) 2,3,7,8-TCOD; several of
these compounds (2,3,3',4,4" -penta-CB, 2,3',4,4' 5-penta-CB and
2,3,3',4,4" ,5-hexa-CB) have been 1identified In commercial PCBs and as
residues In human tissues (Sissons and Welti, 1971; Ballschmiter and Zell,
1980; Safe et al., 1985a; Albro et al., 1981; Mullin et al., 1981).

The toxicity of the di-ortho coplanar PCBs has not been systematically

investigated; however, two members of this group, 2,2',3,3',4,4'- and
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2,2',3,4,4' .5 -nexa-CB are porphyringgenic 'n rats after iong-term “eeg’ng
studles (Stonard and Grieg, 1976). Both of theie compounds. are among the
most active di-ortho coplanar PCB inducers of rat hepatic microsomal AHH and

cytochrome P-450c (Parkinson et al., 1983b) and warrant further studiles.

Pharmacogenetic  Studies and Response Specificity. Pharmacogenetic
studles with genetically inbred mice have been utilized to probe the mecha-
nism of action of 2,3,7,8-TCO0, PCBs and related compounds (Poland et al.,
1983; Nebert et al., 1981, 1983; Okey, 1983; Nebert, 1979, 1980; Nebert and
Jensen, 1979; Poland and Glover, 1980). Responsive mice, typified by the
C57B1/6 strain contain relatively high cytosolic receptor protein levels in
hepatic and some extrahepatic tissues whereas nonresponsive mice, typified
by the 0BA/2 strain contain relatively low (to nondetectable) levels of the
cytosolic receptor. Studies with 2,3,7,8-TCDD in inbred mice have clearly
shown that many of the biologic and toxic effects elicited by this compound
segregate with the Ah (or 2,3,7,8-TCDD) receptor locus (Poland et al., 1983;
Nebert et "al., 1981, 1983; Okey, 1983; Nebert, 1979, 1980; Nebert and
Jensen, 1979; Poland and Glover, 1980). Moreover, it has been demonstrated
in genetic cross and backcross experiments between C5781/6 and DBA/2 mice
that the tratt of Ah or 2,3,7,8-TCDD responsiveness 1s inherited in a simple
autosomal dominant mode. The differential activities of several coplanar
and monoc-ortho coplanar PCBs in responsive and nonresponsive mice also
confirms the role of the receptor in mediating several biologic and toxic
effects including AHH/EROD tinduction (Parkinson et al., 1982; Robertson et
al., 1984) thymic atrophy (Parkinson et al., 1982; Robertson et ail., 1984),
body weight 1loss (Parkinson et al., 1982; Robertson et al., 1984) and
immunotoxicity (Silkworth and Grabstein, 1982; Silkworth et al., 1984; Clark
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et al., 1983). These experiments with inbred mice also demonstrate that the
presence of the receptor In the species also influences response specificity

to the biologic and toxic effects of PCBs.

Summary. The genetic studies with inbred mice and the extensive
structure-function relationships summarized previously support the proposed
receptor-mediated mechanism of action for PCBs and related toxtic halogenated
aryl hydrocarbons. The precise role of the receptor ligand complex has been
determined for the 1induction of cytochrome P-450c (Tukey et al., 1981,
Israel and Whitlock, 1984; Jones et al., 1985) and involves nuclear trans-
location of the ligand receptor complex, 1interaction with nuclear binding
site(s) followed by induction of the mRNA for cytochrome P-450c. Although
the initial toxin-receptor interactions are probably involved in the ulti-
mate expression of some of the toxic effects of PCBs, 2,3,7,8-TCDD and
related compounds, the subsequent steps that lead to the diverse toxic

responses have not been delineated.

Role of Metabolism in PCB Toxicity

Although PCBs produce a number of diverse toxic responses in a number of
organs, the chemical species responsible for the toxi: ity are not known. It
has been suggested that the parent compound, reactive intermediates formed
during metabolism and metabolites of PCBs all produce toxic effects. For
example, 1t was suggested that PCB-induced porphyria was produced by the
parent compound (Strik et al., 1979). Other investigators have suggested
that the cytotoxic and mutagenic effects of PCBs result from reactive arene
oxides that are formed during metabolism (Allen and Norback, 1977; Wyndham

et al., 1976). PCBs that contain vicinal unsubstituted carbon atoms are
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substrates for oxidative metapoi‘sm Dy Nighiy regc:i‘ve drene ax'le ‘nler-
mediates that Interact with cellular macromoiecules suchi as ONA, RNA ana
protein (Safe, 1980; Wyndham and Safe, 1978; Wyndham et al., 1976; Morales
and Matthews, 1979; Hesse et al., 1978; Hargraves and Allen, 1979; Hesse and
Wolff, 1977; wWong et al., 1979; Stadnicki et al., 1979). For example, the
mutagenicity of 4-chlorobiphenyl was expressed only following its metabolism
(Wyndham et al., 1976). In vitro studles in a Chinese hamster ovary cell
1ine demonstrated that 4-chlorobiphenyl was metabolized to hydroxylated
products and that 4-chlorobiphenyl-equivalents bound covalently to DNA, RNA,
and protein and produced ONA damage as demonstrated by Induction of
unscheduled ONA synthesis (Wong et al., 1979). Other investigators reported
that the arene oxjde intermediate, 3,4-dihydro-3,4-epoxy-2,5-tetra-CB, was
more potent than etther &-hydroxy-z.é'.S.S'-tetra-Cﬂ or 2,2',5,5'-tetra-C8
as a cytotoxicant and as an Initilator of single strand breaks in ONA when
fncubated with L-929 cells (Stadnicki et al., 1979; Stadnickl and Allen,
1979). In vivo studies In mice demonstrated that 2,2',3,3',6,6'-hexa-CB
bound covalently to hepatic RNA and protein at a level at least one order of
magnitude greater than the essentially nonmetadollzed i somer,
2,2'.,4,8,5,5'-hexa~-CB (Morales and Matthews, 1979). These investigators
also observed that 2,2',3,3',6,6'-hexa-CB bound covalently to DNA while
2,2',4,4',5,5'-hexa-CB did not.

Although most toxicity studies have focused on the parent PCB or
reactive intermediates formed during the metabolism of PCBs, there s
evidence that certain metabolites may cause toxicity. A monohydroxylated
metabolite of 3,4,3',4'-tetra-CB has a lower LOSO in mice than the parent

compound (Yamamoto and Yoshimura, 1973). PCB methyl sulphones are stable
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Tipophilic metabolites formed during blotransformation of PCB by tne mer-
capturic acid pathway. These metabolites have been found to selectively
accumulate tn the apical cytoplasm of nonciliated bronchiolar (Clara) cells
of the rat lung (Lund et al., 1985). This selective In vivo uptake appears
to be due to the presence of a protein with high affinity and capacity for
binding PCB methyl sulfones. This binding protein is present in Clara cells
and the tracheobronchoalveolar lavage fluid from rats, mice and humans
(Brandt, 1986; Lund et al., 1986a). Methylthio and methylsulfonyl PCBs have
been 1identified in 1lung tissue from Yusho patients and healthy controls
(Haragucht et al., 1984, 1986). Lund et al. (1986a) proposed that the
binding proteln was responsible for the observed tendency of these P(CB
metabolites to accumulate in the lung tissue of humans. While the toxico-
logical significance of these findings is not known, 1t has been suggested
that these metabolites may be 1in part responsible for the persistent
respiratory distress seen in the victims of PCB polsonings In Japan (Yusho)
and the decreased lung vital capacity in workers exposed to PCBs (Shigematsu
et al., 1978; Warshaw et al., 1979). In apparently the only study on the
effect of PCB metabolites on 1lung function, Lund et al. (1986b) reported
that 4-methylsulphonyl-2,2',5,5'-tetra-CB inhibited a cytochrome P-450-
dependent enzyme activity in mouse lung, while 1inducing this activity in
mouse liver. Thus, while these results suggest that PCB metabolites may
mediate specific toxic responses of PCBs, further studies are needed to

confirm the role of metabolism in the expression of toxicity.

Other Mechanisms

It ts apparent that many PCB 1somers and congeners that do not bind to

the 2,3,7,8-TCOD receptor protein elicit a broad spectrum of biologic and
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some toxic effects. Several compounds induce a number of microsomal ¢yto-
chrome P-450 isozymes and related monooxygenase, glutathione transferases,
epoxide hydrolase and glucuronyl transferases and resemble phenobarbital in
their mode of induction of the drug-metaboi\zing enzymes (Parkinson et al.,
1983b; Orberg, 1976; Denomme et al., 1983). Their mechanism of action 1is
unknown. In addition, other studies have demonstrated that diverse commer -
cial PCB mixtures and individual compounds inhibit mitochrondrial function
(Nishihara, 1984), exhibit mild estrogenic properties in female rats (Bitman
and Cecll, 1970), act as cancer promoters In hairless mice and rats (Poland
et al., 1982; Preston et al., 1981) exhibit anticarcinogenic properties in
other laboratory animal models for carcinogenesis (Kerkvliiet and Kimeldoof,
1977), are inactive in the Solt-Farber model for liver tumors {Hayes et al._,
1985) and cause delayed pregnancy in NMRI mice (Torok, 1978). Some of these

activities may contribute to the toxicity of PCBs.

It is also possible that interactive effects may also play a significant
role in PCB toxicology. A recent study has reported that 2,2',4,4',5,5'-
hexa-CB (and other related congeners), a compound that does not induce
2,3,7,8-TCOD receptor -mediated effects, elevates hepatic cytosolic receptor
protein levels (>2-fold) in the rat and mouse (Denomme et al., 1986). More-
over, rats pretreated with 2,2',4,4',5,5'-hexa-CB are more responsive to the
induction of hepatic microsomal AHH and EROD by planar and mono-ortho
coplanar PCB congeners (Leece et al., 1986). These results confirm the
importance of the cytosb]\c receptor protein in the mechanism of action of
PCBs and suggest that nonadditive interactive effects that are due to
receptor modulation (Birnbaum et al., 1985) may influence the activity of

PCB mixtures and related toxic aryl hydrocarbons.
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Summar

Data on purified PCB isomers have established that the toxic, metabolic
and toxicokinetic behavior of the different component molecules variles not
only with the degree of chlorination (greater toxic potency with greater
degree of chlorination) but also with the position of the chlorine atoms.
The relative toxicity and persistence of four pure hexa-CB 1isomers was
examined in mice; 3,4,5-sym-hexa-CB was found to be the most toxic (LD50 =
19 mg/kg bw/day) and persistent (levels in liver and adipose tissue) isomer,
followed by 2,4,6-sym-hexa-CB > 2,4,5-sym-hexa-C8, > 2,3,6-sym-hexa-(B.
Although structure-activity relationships are most interesting for this
class of compounds, it is also important to note that highly toxic, coplanar
PCB iYsomers, such as 3,4,5-sym-hexa-CB, have only been detected as very

minor constituents of commercial PCB formulations.
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VIII. QUANTIFICATION OF TOXICOLOGICAL EFFECTS

Introduction

The quantification of toxicological effects of a chemical consists of
separate assessments of noncarcinogenic and carcinogenic health effects.
Chemicals that do not produce carcinogenic effects are believed to have a
threshold dose below which no adverse, noncarcinogenic health effects occur,

while carcinogens are assumed to act without a threshold.

In the quantification of noncarcinogenic effects, a Reference Dose
(RfD), [formerly termed the Acceptable Dailly Intake (ADI)] s calculated.
The RfD 1is an estimate (with uncertainty spanning perhaps an order magni-
tude) of a dally exposure to the human popu1ation (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious
health effects during a lifetime. The RfD is derived from a no-observed-
adverse-effect level (NOAEL), or lowest-observed-adverse-effect leve)
(LOAEL), 1identified from a subchronic or chronic study, and divided by an
uncertainty factor(s) times a modifying factor. The RfD is calculated as

follows:

. (NOAEL or LOAEL) .
[Uncertainty Factor(s) x Modifying Factor]

RfD mg/kg bw/day

Selection of the uncertainty factor to be employed in the calculation of
the RfD 1s based upon professional judgment, while considering the entire
data base of toxicological effects for the chemical. In order to ensure

that uncertainty factors are selected and applied in a consistent manner,
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the U.S. EPA (1986a) employs a modification to the guidelines proposed Dy

the National Academy of Sctences (NAS, 1977, 1980) as follows:

Standard Uncertainty Factors (UFs)

«+ Use a 10-fold factor when extrapolating from valid exper imental
results from studies using prolonged exposure to average healthy
humans. This factor is intended to account for the variation
in sensitivity among the members of the human population. [10H]

. Use an additiona) 10-fold factor when extrapolating from valid
results of long-term studies on experimental animals when
results of studies of human exposure are not availlable or are
inadequate. This factor s intended to account for the uncer-
tainty in extrapolating animal data to the case of humans.
{10A]

+ Use an additional 10-fold factor when extrapolating from less
than chronic results on experimental animals when there s no
useful long-term human data. This factor s intended to
account for the uncertalnty in extrapolating from less than
chronic NOAELs to chronic NOAELs. [10S]

« Use an additional 10-fold factor when deriving an RfD from a
LOAEL ‘nstead of a NOAEL. This factor is fintended to account
for the uncertainty in extrapolating from LOAELs to NOAELs.
(10L]

Modifying Factor (MF)

+ Use professional Jjudgment to determine another wuncertainty
factor (MF) that is greater than zero and less than or equal to
10. The magnitude of the MF depends upon the professional
assessment of scientific uncertainties of the study and data
base not explicitly treated above, e.g., the completeness of
the overall data base and the number of species tested. The
default value for the MF is ).

The uncertainty factor used for a specific risk assessment 1is based
principally upon scientific Jjudgment rather than sclentific fact and
accounts for possible fintra- and interspecles differences. Additional
considerations not incorporated 'n the NAS/0DW gquidelines for selection of
an uncertainty factor include the use of a less than 1ifetime study for

deriving an RfD, the significance of the adverse health effects and the

counterbalancing of beneficial effects.
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fFrom the RfD, a Drinking Water Equivalent Level (OWEL) can be caicu-
lated. The OWEL represents a medium specific (i.e., drinking water)
1ifetime exposure at which adverse, noncarcinogenic health effects are not
anticipated to occur. The OWEL assumes 100% exposure from drinking water.
The DWEL provides the noncarcinogenic health effects basis for establishing
a drinking water standard. For ingestion data, the OWEL 1is derived as
follows:

(RfD) x (Body weight in kq)
Drinking Water Volume in L/day —

DWEL mg/t

where:
Body weight = assumed to be 70 kg for an adult

Drinking water volume = assumed to be 2 t/day for an adult

In addition to the RfD and the DWEL, Health Advisories (HAs) for expo-
sures of shorter duration (1-day, 10-day and longer-term) are determined.
The HA values are used as Informal guidance to municipalities and other
organizations when emergency spills or contamination situations occur. The
HAs are calculated using an equation similar to the RfD and OWEL; however,
the NOAELs or LOAELs are identified from acute or subchronic studies. The
HAs are derived as follows:

HA = NOAEL or LOAEL) x (bw . ma/1

(UF) x (___ t/day)

Using the above equation, the following drinking water HAs are developed

for noncarcinogenic effects:

1. 1-day HA for a 10 kg child ingesting 1 ¢ water per day.

2. 10-day HA for a 10 kg child ingesting 1 ¢ water per day.

3. Longer-term HA for a 10 kg child ingesting 1 ¢ water per day.
4. Longer-term HA for a 70 kg adult ingesting 2 & water per day.
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The 1-day HA calculated for a 10 kg child assumes a single dcute
exposure to the chemical and 1is generally derived from a study of <7 days
duration. -The 10-day HA assumes a limited exposure period of 1-2 weeks and
\s generally derived from a study of <30 days duration. The longer-term HA
s derived for both the 10 kg child and a 70 kg adult and assumes an
exposure period of ~7 years (or 10% of an 1Individual's 1lifetime). The
longer-term HA is generally derived from a study of subchronic duration

(exposure for 10% of animal's 1ifetime).

The U.S. EPA categorizes the carcinogenic potential of a chemical, based

on the overall weight-of-evidence, according to the following scheme:

Group A: Human Carcinogen. Sufficient evidence exists from
epidemiology studies to support a causal association between
exposure to the chemical and human cancer.

Group B: Probable Human Carcinogen. Sufficient evidence of
carcinogenicity in animals with 1imited (Group 31) or 1nade-

quate (Group B2) evidence in humans.

Group C: Possible Human Carcinogen. Limited evidence of
carcinogenicity in animals in the absence of human data.

Group D: Not Classified as to Human Carcinogenicity. Inade-
quate human and animal evidence of carcinogenicity or for which
no data are avallable.

Group E: Evidence of Noncarcinogenicity for Humans. No

evidence of carcinogenicity in at least two adequate animal
tests in different species or in both adequate epidemiologic

and animal studles.

If toxicological evidence leads to the classification of the contaminant
as a known, probable or possible human carcinogen, mathematical models are
used to calculate the estimated excess cancer risk associated with the

ingestion of the contaminant in drinking water. The data used in these

02400 VIII-4 03/02/87



estimates usually come from lifetime exposure studies using an'mals. in
order to predict the risk for humans from animal data, animal doses must be
converted to equivalent human doses. This conversion includes correction
for noncontinuous exposure, less than lifetime studies and for differences
in size. The factor that compensates for the size difference is the cube
root of the ratlo of the animal and human body weights. It }s assumed that
the average adult human body weight is 70 kg and that the average water

consumption of an adult human is 2 ¢ of water per day.

For contaminants with a carcinogenic potential, chemical levels are
correlated with a carcinogenic risk estimate by employing a cancer potency
(unit risk) value together with the assumption for 1ifetime exposure from
ingestion of water. The cancer unit risk is usually derived from a linear-
{zed multistage model with a 95% upper confidence 1imit providing a low dose
estimate; that s, the true risk to humans, while not identifiable, s not
1ikely to exceed the upper 1imit estimate and, 1in fact, may be Tlower.
Excess cancer risk estimates may also be calculated using other models such
as the one-hit, Weibull, logit and probit. There 1is 1ittle basis in the
current understanding of the biological mechanisms tnvelved in cancer to
suggest that any one of these models 1s able to predict risk more accurately
than any other. Because each model is based upon differing assumptions, the

estimates derived for each mode) can differ by severa) orders of magnitude.

The scientific data base used to calculate and support the setting of
cancer risk rate levels has an inherent uncertainty that 1s due to the
systematic and random errors in sclentific measurement. In most cases, only

studies using experimental animals have been performed. Thus, there is
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uncertainty when the data are extrapolated to humans. wWhen developing
cancer risk rate levels, several other areds of uncertalnty exist, such as
the Incomplete knowledge concerning the health effects of contaminants in
drinking water, the 1impact of the experimental animal's age, sex and
species, the nature of the target organ system{s) examined and the actual
rate of exposure of the internal targets in experimental animals or humans.
Dose-response data usually are availlable only for high levels of exposure
and not for the lower levels of exposure closer to where a standard may be
set. When there 1is exposure to more than one contaminant, additional
uncertainty results from a lack of information about possible synergistic or

antagonistic effects.

The evidence of human exposure to PCBs from finished drinking water \s
1imited. A single finished groundwater sample in each of the National
Organic Monitoring Survey (NOMS) II and III contained PCBs in minimum gquan-
tifiable detectable 1imits that ranged from 0.1-0.2 ug/t, respectively.
PCBs were detected in all three phases of the NOMS of finished surface
water. In this survey of finished surface drinking water, P(CBs were
detected in two samples of NOMS I at levels of 0.13 and 1.4 ug/t; In
NOMS II, two samples contained 0.1 ug/t and one sample had 0.2 wug/t
of PCBs; and only one sample of NOMS III contained PCBs at a concentration
of 0.2 wg/t. Schroeder and Barnes (1983) showed that PCB removal from
Hudson River water ranged between 80 and 90% with levels in finished drink-
ing water seldom exceeding 100 ng/t. Congeners of Aroclor 1016 were also
detected in finished drinking water with the Hudson River as 1ts source at a

median concentration of 85 ng/t (Brinkman et al., 1981).

02400 VIII-6 03/02/81



Groundwater from 32 of 163 wells in New Jersey had PCBs with concentrd-
ttons ranging from 0.6-127 ug/t. Many of these wells sampled were from
highly industrialized and populated areas of the state, Congeners of
Aroclor 1016 have been detected in the water distribution system of an
upstate New York public water supply system near a heavily polluted section
of the Hudson River at a concentration level of 69-100 ng/t (Brinkman et
al., 1980, 1981). The impounded water contained a uniform level of Aroclor
1016 congeners (Dority Reservoir, 70-130 ng/t; New Reservoir, 110-120
ng/%; Distribution system, 69-100 ng/t) while rain water was much higher
(1300 ng/t). Low levels of Aroclor 1254 congeners (up to 3b ng/vr) were
detected in the New Reservoir only. The high levels of PCBs in the Hudson
River (360 ng/y) near Fort Edward was thought to be responsible for high
impounded water levels. Finished tap water did not show evidence of Aroclor
1254 congeners (<12 ng/t). The median concentration of Aroclor 1016
congeners was 85 ng/t in finished tap water. One sample at the chlorina-

tion site was 30% higher in Aroclor 1016 congeners than at a household tap.

The Aroclor 1016 origin was confirmed by identifying at least five
specific sufrogate congeners by retention time from a possible 19 congeners.
The 19 congeners were: 4-C1-CB/2.2'-C12-CB (also Aroclor 1221);

2,4'-C1,C8B (also Aroclor 1221); 2.2'.5'-C13-CB. 2,2',4'-C1,-C8B;

2
2,2',3'- and 3,2',6'-C

3

3 a-CB; two unidentified C13-CBS;

3,3',5'-C1,-C8;  3,2',4'-01,-CB;  2,4,4'-C15-CB  (also  Aroclor  1221);

-(B; 4,2',6'-C1

2,3',4'-C1,-C8B; 2.5.2',5'-C1‘-CB (also Aroclor 1254); 2.4.2',5'-c1‘-ca

3
(also Aroclor 1254); 2.3.2'.5‘-C1‘-CB (alsa Aroclor 1254);
2,4.2',4'-C\‘-CB (also Aroclor 1254); 2.3.2'.3‘-C1‘-C8 (also Aroclor

1254); and two unspecified C14-CBs (one of which also arose from Aroclor
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1254). Thus, 10 of the 19 congeners selected were unambiguous'y Ffram
Aroclor 1016, with 6 being resolved specific congeners. In this study, 60
congeners were utilized to ‘'dentify the possible presence of Aroclors 1221,
1016, 1254 and 1260. Each peak chosen provided an independent estimate of
the quantity of the Aroclor using the appropriate response factor for each
congener. The concentration of the Aroclor was calculated as the average of
the concentrations by each of the five chosen peaks. Representative samples
were confirmed by GC/MS. The detectton limit was 50 pg, equivalent tg a 12
ng/t (12 ppt) concentration in 2 ¢ of water subjected to the analysis

technique.

It is clear the least chlorinated congeners are the PCBs that might be
expected to occur in drinking waters produced from nonchlorinated processes.
Chlorination may lead to the presence of higher chlorinated PCBs for Aroclor
1221 and below but not for Aroclor 1242 and above (Aly and Badawy, 1986).
Most of the restidues in human tissues are highly chlorinated (Holt et al.,
1986; Ansari et al., 1986; Safe, 1984; Bush et al., 1985b). This is charac-
tertstic of exposure through food sources such as fish, birds or human milk.

The less chlorinated congeners dominate 1in inhalation and drinking water

exposures,

PCBs in the Hudson River (from Aroclors 1221, 1242, 1248, 1254 and 1260)
are still at levels causing concern (Brown et al., 1985; Bush et al.,
1985a). The more soluble less chlorinated congeners dominated in waters
without sediments, and the highly chlorinated congeners were associated with
particulate matter (Bush et al., 1985a; Brown et al., 1985; Baker et al.,
1985). This also applied to wet deposition (Mazurek and Simoneit, 1985).
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The PCB residues in sediment, amplent water dna fish In the ynitec 3tita;
have been highest in the Hudson River, the Great Lakes apart from Lake
Superior, the OhYo River, the upper Mississippl and the Cape Ffear River 1in
North Caro]iﬁa. In the Great Lakes there 1s evidence for seasonal cycling
of PCB levels (Baker et al., 1985). PCBs in air, plants, milk and wild fow)

also confirm the continuing extensive PCB contamination in the Hudson River

basin.

In the Hudson River in 1983 a specific congener analysis revealed that
half of the PCB transport (see Table IV-1) s represented by 2-, 2,2'- and
2,6-PCB (Bush et al., 1985a), although these congeners are also volatile and
biodegradable. A specific congener analysis revealed that fish 1in the

Hudson River obtained much of their bioaccumulated PCB load from food chain

vectors (Bush et al., 198%a).

PCBs were found in the water of a small upstate New York public water

supply system near the heavily polluted section of the Hudson River

(Brinkman et al., 1981).

Noncarcinogenic Effects
Tests of the acute lethality of PCB products in laboratory animals, with

the possible exception of the guinea pig, suggest that, in general, PCB
commercial products have similar acute toxicity regardless of route of
administration, species or age of animal. The single dose oral LD50
values for commerclal PCB formulations in rats, rabbits. mice and mink range
from 0.5-11.3 g/kg bw (Grant and Phi1lips, 1974; Bruckner et al., 1973;
Kimbrough et al., 1978; Fishbein, 1974; Garthoff et al., 1981; Aulerich and
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Ringer, 1977). Route of administration also had little effect (<) order of
magnitude) on lethality with the lethal dose for derma) administration !n
rabbits ranging from 0.8-3.2 g/kg bw (Nelson et al., 1972); while the lethal
dose 'n mice administered PCBs by 1.p. tnjectton, ranged from 0.9-1.2 g/kg
bw (Lewin et al., 1972). The role of the toxic PCDF impurities in these

effects 1s unknown.

There are two indications of major differences in the acute toxicity of
PCBs. First, there is 1imited evidence that the guinea pig may be more
sensitive to the lethality of PCBs than other species. This speclies s also
more sensitive to toxic PCDFs. Miller (1944) observed 100% mortality in a
small group of guinea pigs receiving two oral doses of PCB (43% chlorine) at
levels of 67 mg/animal at 7-day intervals. In a study with perhaps the most
potent PCB isomer, McConnell and McKinney (1978) reported a LDSO_30 of 0.5
mg/kg bw for 3,4,5-sym-hexa-CB in guinea pigs. This indication of possible
large interspecies differences in sensitivity i1s of concern in species-to-
species extrapolation when there 1s 1Insufficient data to indicate which
experimental animal most accurately reflects the sensitivity of humans. The
second problem concerns the possible large difference in toxicity of
specific congeners and isomers of PCBs. Limited mortality data were avail-
able from a study by Biocca et al. (1981), In which four different hexa-CBs
were administered in the diet to mice for 28 days. They reported LDSO-28
values ranging from 86.8 ppm (19 mg/kg bw/day) to >300 ppm (>64 mg/kg
bw/day), with 3,3',4,4',5,5'-hexa-CB being the most potent and persistent
fsomer investigated. Probably even larger differences will be encountered
as more congeners and \somers are tested. It is expected that the lower

chiorinated congeners will be eliminated more quickly in humans than the

highly chlorinated ones.
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Some data dre gavallable on the nonlethdl acute toxicity of PCBs adm'n-
Istered by the oral route for periods of 30 days or less. The effects
described in these studies were alterations of the 1iver, thyroid and repro-
ductive system. Rosin and Martin (1983) reported that a dose of 30 mg/kg
bw/day of Aroclor 1254 for 14 days to CD-1 mice decreased phenobarbital
sleeping time, 1indicating a substantial 1induction of microsomal enzymes.
Exposure of ICR mice to diets containing 250 or 62.5 ppm of Aroclor 1254 for
14 days (Sanders et al., 1974) resulted, respectively, in hepatomegaly and
elevated serum corticosterone (the latter presumably as a result of altered
1iver steroid metabolism). These exposures are equivalent to doses of 32.8

and 8.1 ppm/day, assuming a mouse consumes 13% of its body weight per day.

Few studies have been designed to define the minimum effective oral
doses required to 1induce hepatic enzyme activities. Chu et al. (1977)
reported induction of hepatic mixed function oxidase (MFQ) activity in male
weanling rats exposed to Aroclor 1254 or 1260 In the diet at 20 ppm for 28
days. Similarly, Garthoff et al. (1977) reported that 5 ppm of Aroclor 1254
in the diet for 3 weeks resulted in induction of hepatic aminopyrine
demethylase activity, while exposure at the same dose for 5 weeks produced a
significant increase in liver weight in male Holtzman rats. Increases in
1iver-to-body weight ratio appear to be one of the sensitive indicators of
PCB exposure. Grant and Phillips (1974) observed increased liver weight at
doses as low as 5 mg/kg bw/day in male and female Wistar rats recelving
Aroclor 1254 for 7 days. Carter (1983) observed significant hepatomegaly in
rats ingesting diets containing as 1ittle as 20 ppm Aroclor 1254 (1 mg/kg

bw/day) for 4, 8 and 14 days.
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Besides changes in the liver, other effects reported for exposure to low
levels of PCBs were increased thyroid activity in Sherman rats maintained on
diets containing 250 ppm of Aroclor 1254 (12.5 mg/kg bw) for 14 days.
Administration of Aroclor 1254 by gavage for 21 days at a dose of 0.05 g/kg
bw/day resulted in weight loss and decreased body temperature in Sprague-
Dawley rats (Komives, 1979; Komives and Alayoku, 1980). Ultrastructural
evidence suggesting iIncreased thyrold gland activity has also been found in
Osborne-Mendel rats maintained on diets containing 5 ppm of Aroclor 1254
(0.25 mg/kg bw/day) for 4 weeks (Collins and Capen, 1980b). This exposure
level also resulted in increased 1iver enzymes in Holtzman rats (Garthoff et

al., 1977).

The toxicity resulting from PCB exposures of between 30 and 90 days has
been more extensively studied. Alterations in liver ultrastructure occurred
at doses of Aroclor 1254 as low as S5 ppm diet for 5 weeks in Holtzman rats
(Kasza et al., 1978b). In the mouse (MNRI) a dose of Clophen A-60 as Jow as
0.025 mg/mouse (0.8 mg/kg bw/day, assuming a mouse weight 0.03 kg) for 62
days increased the estrous cycle, probably d4s a result of PCB-induced
changes in liver steroid metabolism (Orberg and Kihlstrom, 1973). At higher
dietary concentrations of 167 ppm (22 mg/kg bw) for 6 weeks, Aroclor 1016

and 1242 decreased the Ymmunologic capability of BALB/CJ mice (Loose et al.,

1978a).

Although other species have been tested to a lesser extent for this
duration, the LOEL In these spectes were similar to those described for rats
and mice. Rabbits exposed to diets containing 3.7 ppm of Aroclor 1254 (0.18
mg/kg bw/day, assuming a rabbit consumes 4.9% of its body weight/day) for 8

weeks developed no significant hepatomegaly, although atrophy of the
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cortical tissues in the thymus wds noted (Street and Sharma, 1975). In tne
guinea plg, Vos and van Genderen (1973) reported that diets containing 250
ppm of Clophen A-60 (7 mg/kg bw/day, assuming a guinea pig consumes 2.8% of
fts body weight/day) for 4-7 weeks was lethal; while diets containing 50 ppm
Clophen A-60 or Aroclor 1260 (1.4 mg/kg bw) for 4-7 weeks produced immuno-
suppression. Allen et al. (1974a) and Allen (1975) observed comedones and
factal edema in rhesus monkeys ingesting diets containing 25 ppm Aroclor
(1.1 mg/kg bw, assuming a monkey consumes 4.2% of its body weight/day) for 2
months. The LOELs observed in these species were slightly higher than the

LOELs reported in rats and mice.

Studies of chronic exposure (>90 days) to PCBs have falled to use suff!-
ciently low doses to define a NOAEL in rats. In Sprague-Dawley rats, Allen
et al. (1976) and Allen and Abrahamson (1979) reported that a 52-week
exposure to dilets containing 100 ppm of Aroclor 1248, 1254 or 1262 (5 mg/kg
bw/day) followed by a 13-week observation period resulted in hepatomegaly
and liver necrosis. At a lower exposure of 75 ppm in the diet (3.75 mg/kg
bw/day) for 36 weeks, Sprague-Dawley rats developed focal necrosis (Jonsson
et al., 1981). Porphyria was observed by both Kimbrough et al. (1972) and
Zinkl (1977) after exposure of female Sherman rats for 8 months to 20 ppm
Aroclor 1254 (1 mg/kg bw/day) or CD rats for 16 weeks to 10 ppm of Aroclor
1254 (0.5 mg/kg bw/day). In a dietary study of Aroclor 1254 employing near
1ifetime exposure (2 years), Morgan et al. (1981) reported an increase in
mortality (17% as compared with 8% in controls) in Fischer 344 rats at the
lowest dose tested (25 ppm; 1.25 mg/kg bw/day). In summary, the subchronic
studies demonstrated increasing liver pathology over the dose ranges
studied, 0.5-5 mg/kg bw/day; while in the only chronic study, the lowest

dose tested (1.25 mg/kg bw/day) resulted in early deaths.
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[n mice dletary exposure levels to Kanecnlor-300, -400, or -500 or
Aroclor 1254 of between 100 and 500 ppm (13-65 mg/kg bw/day) for periods
from 23 weeks to 11 months produced hepatomegaly (Ito et al., 1973; B8ell,
1983; Kimbrough and Linder, 1974). The only study that defined a NOAEL in
mice was the study by Koller (1977). Groups of BALB/CJ mice were maintained
for 9 months on diets containing 0, 3.75, 37.5 or 375 ppm of the Aroclors
1221, 1242 or 1254 (0.45, 4.57 or 45.7 mg/kg bw/day). Aroclor 1221, with
the lowest chlorine content (21%), produced no liver lesions, while exposure
to Aroclor 1242 (42X chlorine) resulted in increased liver welight in the
high-dose group. In mice exposed to Aroclor 1254, increased mortality was
observed in the high-dose group with mild hepatopathology being observed in
the medjan-dose group, and no liver lesions detected in the low-dose group.
The NOEL observed In this study in mice of 0.45 mg/kg bw/day is nearly
identical to the LOELs of 0.5 mg/kg bw/day associated with porphyria in rats
(Zynkl, 1977), or 0.25 mg/kg bw/day associated with ultrastructural evidence

suggesting increased thyroid gland activity (Collins and Capen, 1980b).

The only other species tested in chronic bioassays was the monkey and it
proved to be highly sensitive to the toxic effects of PCBs. The most common
observation in monkeys exposed to Aroclor 1248 in the diet for a period of
from 8-39 months was skin lesions, edema and erythema (Barsott! and Allen,
1975; Allen and Barsott), 1976; Allen et al., 1980; Becker et al., 1979).
These effects were observed at the lowest doses tested [2.5-3 ppm in the
diet (0.095-0.126 mg/kg bw/day)]. In addition, Becker et al. (1979) report-
ed that monkeys fed diets containing 3 ppm of PCBs had gastric lesions, body

weight 1oss and reduced hemoglobin and leukocytes.

02400 VIII-14 03/02/87



PCBs have Dbeen demonstrated to be d4nimal teratogens following oral
exposuref and have been demonstrated to adversely affect reproduction. In
an early study, Villeneuve et al. (1971a) reported no adverse effects when
Aroclor 1254 was administered to pregnant Wistar rats at a dose of 100 mg/kg
bw/day on days 6-15 of gestation. More recently, Spencer (1982) reported a
decrease in the average fetal weight/ l1itter in Holtzman rats that received
Aroclor 1254 at 100 ppm in the diet (5 mg/kg bw/day) from days 6 through 15
of pregnancy. A decrease in fetal survival rate was observed at exposure
>300 ppm (15 mg/kg bw/day), while dietary exposure to Aroclor 1254 at 50 ppm
(2.5 mg/kg bw/day) was found to be the NOEL (Spencer, 1982). Rabbits
exposed to Aroclor 1254 had resorptions, abortions and dead fetuses at
similar dose levels of 12.5 mg/kg bw/day administered on days 0-28 of
gestation; however, slightly lower doses of 10 mg/kg bw/day were reported to
be the NOEL (Villeneuve et al., 1971a). The Hartley guinea pig, which has
been shown to have greater sensitivity to the toxicity of PCBs than most
other species, had macerated fetuses after receliving 2.2 mg/day (6.5 mg/kg

bw/day) of Clophen A-50 on days 10-60 of gestation (Brunstroem et al., 1982).

Toxic doses of PCBs were lower when exposure occurred before and during
gestation. In a 2-generation reproduction study, Sherman rats maintained on
diets containing 20 ppm Aroclor 1254 (1 mg/kg bw/day) had reduced 1litter
size, and at 100 ppm (5 mg/kg bw/day) the pups that were born exhibited a
significant increase in mortality (Linder et al., 1974). In this study, §
ppm (0.25 mg/kg bw/day) was the NOEL. Complete loss of fertility was
observed in male and female Wistar rats caged together for 9 weeks while

ingesting 6.4 mg/kg bw/day of Aroclor 1254 emulsified in their drinking
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water (Baker et al.. 1977). Males regained normal fertility after remova)
from treatment for 2 weeks. When Aroclor 1254 was administered to lactating
Holtzman rats at 32 mg/kg bw/day on days 3, 5 and 7 of lactation, the future
mating behavior of nursing male pups was adversely affected (Sager, 1983).

A lower dose of 8 mg/kg bw/day was a NOEL.

The mink and the monkey are the most sensitive specles tested to the
reproductive toxicity of the PCBs. Bleavins et al. (1980) maintained mink
on diets contatning S ppm Aroclor 1242 or 20 ppm Aroclor 1016 (doses of 0.75
and 3 mg/kg bw/day, assuming a mink consumes 15% of its body weight per day)
for 8 months and observed complete reproductive fFallure in the Aroclor 1242
group and 25% mortality and infertility in the Aroclor 1016 group. 1In a
1imited study (8 animals/group), Barsotti et al. (1976) maintained rhesus
monkeys on diets containing 2.5 or S ppm (0.1 or 0.2 mg/kqg bw/day) of
Aroclor 1248 for 18 months. In the low-dose group, all eight females
conceived, but only five delivered viable infants. In the high-dose group,
the mothers showed overt signs of toxicity. In the 5.0 ppm group, 6 of 8
females conceived, but only one live birth occurred. After removal from
exposure for 1 year, reproductive capabilities appeared to return to normal;
however, an increase in abortion rate and infant mortality was observed for
both PCB treatment groups (Allen et al., 1980). It Vs apparent that frank
effects in reproduction were observed in monkeys at lower doses than the
NOEL in rats, rabbits and quinea pigs following repeated exposure to PCBs.
Little data are available for the toxicity of specific congeners. Dietary
exposure to as little as 1 ppm of pure 3,4,5,3',4" 5'-hexa-CB for 28 days
caused liver microabscesses and an increased liver weight in 18-20 g 5-week-

old C5781/6J mice (Biocca et al., 1981). In this study, dietary exposure at
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a concentration of 0.3 ppm resulted in increased ljver weight with no otrer
adverse effects (Blocca et al., 1981). This dose could be considered a

NOAEL for 3;3'.4,4',5 5 _hexa-CB, which is one of the most potent PCBs.

Quantification of Noncarcinogenic Effects

Studies of PCB toxicity in experimental animals have demonstrated a pro-
gression of toxicologic responses correlated with dose for studtes of 1-30
days. Villeneuve et al. (1971a) found increased incidences of fetal death,
resorptions and abortions at 12.5 mg/kg bw/day of Aroclor 1254 in rabbits
when exposed on days 1 through 28 of pregnancy. A dose of 1.0 mg/kg bw/day
appeared to be without effect. Collins and Capen {1980a,b,c), iIn a series
of studies on thyrold effects in rats, determined that 50 ppm of diet (2.5
mg/kg bw/day) for 4 weeks was associated with clearly defined adverse
effects but that doses of 5 ppm of diet (0.25 mg/kg bw/day) produced only
ultrastructural evidence suggesting 1increased thyroid gland activity.
Carter (1983) demonstrated 1liver hepatomegaly in rats at doses of 20 ppm
Aroclor 1254 of diet () mg/kg bw/day) for 4, B and 14 days; such an effect
in the absence of other signs of toxicity (that is, Ffatty infiitration of
the 1liver) might not be considered adverse. Grant and PhiVlips (1974)
observed increased liver weights at doses as low as 5 mg/kg bw/day Aroclor
1254 given in corn oil for 7 consecutive days. Collectively these studies
indicate that the experimental threshold for adverse effects of Aroclor 1254
\n studies of 30 days duration or less is at or near a dose of 1 mg/kg
bw/day. Thus, 1t seems reasonable to use this latter dose as a basis for

health risk assessments Ffor Aroclor 1254-contaminated soil for short dura-

tion human exposure situations.
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Utilizing a dose of 1 mg/kg bw as a no-adverse-effect dose, a 10-day
exposure level to PCB-contaminated soil may be calculated as follows (U.S.

EPA, 1986Db):

1 mg/kg/day x 10 kg
100

10-day exposure level = = 0.1 mg/day

where:
10 kg = assumed body weight of a child
100 = uncertainty (safety) factors; this uncertainty factor was
chosen in the accordance with the National Academy of
Sciences guidelines in which a NOAEL from an animal study
is employed.

This 10-day exposure level of 0.1 mg/day may be applied for a 10-day HA
for drinking water 1f 1t s assumed that Aroclor 1254 mixtures are soluble
and detected in drinking water. This assumption is probably not correct
since the less chlorinated congeners are much more soluble than the highly

chlori- nated ones and Aroclor 1254 has not yet been detected in finished

drinking water.

The finished water from the Dority Reservoir treatment and distribution
system was reported to contain Aroclor 1016 congeners at a level of 86
ng/t (Brinkman et al., 1981). The public water supply system of the
village of Fort Edward, located near the township of Moreau of Saratoga
County in upstate New York, is obtained from the Dority Reservoir treatment
and distribution system. The level of Aroclor 1016 in this finished water
corresponded well to the median level of 99 ng/t in the Dority River
water. The Brinkman et al. (1981) study was discussed earlier in Chapter V.
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Silkworth and Loose (1978) observed that treatment of male CS781/6 m'ce
with 167 ppm Aroclor 1016 in the diet for 3 weeks activates donor Tympho -
cytes as measured by greater graft vs. host response. Loose et al. (1978b)
observed that treatment with the same dose (167 ppm) for & weeks using male
BALB/CJ mice suppresses the immune system as measured by increased mortality

to Salmonella typhosa endotoxin and Plasmodlum berghe). Since these dre

single dose studies, no dose-response determination can be done. These
studies are not adequate for deriving 10-day or 1-day HAs. No other
subchronic studtes are available on Aroclor 1016 that can be utilized for
deriving HAs. Accordingly, no 10-day or 1-day HA for Aroclor 1016 1is

estimated.

There are only a few reports on the toxicity assoctated with chronic
exposure to Aroclor 1016, Studies were conducted in mink and rhesus
- monkeys, species that exhibit a high degree of sensitivity to PCBs. Ffemale
mink fed a diet containing 20 ppm Aroclor 1016 for 8 months exhibited 25%
mortality compared with 12.5% mortality in the control group. Aroclor 1016
was less toxic than Aroclor 1242, which produced 100% mortality in female
mink at the same level of exposure (Bleavins et al., 1980). Dietary
exposure to 20 ppm Aroclor 1016 reduced, but did not completely eliminate,
reproduction. Four of the nine mated females produced kits in the Aroclor
1016 group compared with 16 of 21 In the control group. Body weight at 4
weeks was significantly lower for the kits nursed by females fed Aroclor
1016 (20 ppm). In addition, higher kit mortality between birth and 4 weeks
of age was also noted. Bleavins et al. (1980) also reported that reproduc-
tive parameters, kit growth, and adult and kit mortality were not signifi.

cantly affected n ferrets at & diet containing 20 ppm Aroclor 1016.
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In another study, Aulerich and Ringer (1977) exposed female minks tnraugnr
diet containing 2 ppm Aroclor 1016 for 10 months (0.3 mg/kg bw/day, assuming
a mink consumes 15% of its body weight per day). This level of exposure
produced no effect on reproductive parameters, kit growth, and adult and kit
mortality. Thus, chronic exposure to 2 ppm Aroclor 1016 in the diet (0.3
mg/kg bw/day) appears to be a NOAEL in the mink. Barsott! and Van Miller
(1984) exposed 24 adult rhesus monkeys to diets containing Aroclor 1016 at
levels of 0.025, 0.25 and 1.0 ppm. No abnormalities were noted in clinical,
growth and reproductive parameters of the adult monkeys. The infants born
to the 1.0 ppm Aroclor 1016 group (0.042 mg/kg bw/day, assuming a monkey
consumes 4.2% of its body weight per day) were significantly smaller than
the control at a confidence level of 99%. Thus, 0.25 ppm (0.0105 mg/kg

bw/day) appears to be a NOAEL for chronic oral exposure to Aroclor 1016 in

rhesus monkeys.

Ut11izing a dose of 0.01 mg/kg bw/day (0.25 ppm) as the NOAEL, the

longer -term HA for Aroclor 1016 may be calculated as follows:

RFD = 201 ]g: /43y | 4.0001 mg/kg/day

where 100 = uncertainty (safety) factor. This uncertainty factor was
chosen in accordance with the National Academy of Sciences
guidelines 1in which a NOAEL from an animal study is

employed.

Longer-term HA for a 10 kg child:

. 0.0001 mg/kg/day x 10 k
1 t/day

= 0.001 mg/t
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for @ 70 kg 4ddult;

. 0.0001 mg/kq/day x 70 kg
2 L/day

= 0.0035 mg/e

However, 0.001 mg/t will also be protective for a 70 kg adult.

Because of their high 1ipophilic and stable nature, PCBs can rapidly
bloaccumulate in human milk, adipose tissues and serum. Only 2,4,4'-tri-C8,
one of the constituents of Aroclor 1016, has been found as a major component

with the other seven major and four minor components of PCB congeners in

human milk samples.

On starvation and stress the PCB components from the adipose-rich
tissues can become free 1in the bloodstream and redistribute to other
compartments. This can create additional opportunities for 1insult by free
PCB on different organ and physiologic systems. This can also result in
further metabolism of the free P(Bs. However, the toxicologic significance

of PCB metabolism has not yet been delineated.

It should be noted that during document review several studies indicat-
ing potential alteration in postnatal function following exposure during the
prenatal or early postnatal period were identified. These studies may
impact on the ultimate quantification of noncarcinogenic effects, since:
1) reproductive and developmental effects have been used in establishing
exposure levels for noncarcinogenic effects, 2) postnatal deficiencies have

been reported/suspected in cases of human exposure (Yusho and Yu Cheng), and
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J) postnatal defliciencies could pOssibly ocCcCur at levels of exposure Jwe-
than those required for effects on structural development or wviability.
These and o}her similar studies will be reviewed for their impact on the
assessment of developmental and reproductive effects and will be added to

the document where appropriate.

Carcinogenic Effects

There are several studies demonstrating that PCBs cause cancer in
laboratory animals. Male dd mice fed Kanechlor 500 developed hepatocellular
carcinomas and liver nodules {Ito et al., 1973). Male BALB/CJ mice fed
Arochlor 1254 developed hepatomas or 1liver adenofibrosis (Kimbrough and
Linder, 1974). Ffemale Sherman rats fed Arochlor 1260 developed hepatocellu-
lar carcinomas and neoplastic nodules (Kimbrough et al., 1975). Male and
female Fischer 344 rats fed Arochlor 1254 developed hepatocellular carci-
nomas (NCI, 1978). Although NCI's results are not statistically signifi.
cant, they are considered supportive because the small sample sizes 1imit
the study's power to show a significant response and because there ts a
dose-response trend. Male Wistar rats fed Clophen A60 developed hepatocell-
ular carcinomas (Schaeffer et al., 1984). Male and female Sprague-Dawley

rats fed Arochlor 1260 developed hepatocellular carcinomas (Norback and

Weltman, 1985).

These studies provide sufficient evidence regarding the carcinogenicity
of PCBs. Liver cancer has been 1induced in several studies In different
animal strains fed several commercial PCB products. The contention that

these results are due to the PCDF contamination of PCBs 1s refuted by the
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Schaeffer study, which tested Yts PCB mixtures dand found them to pe free of
furans. This conclusively demonstrates that PCBs alone are capable of

causing cancer.

The combination of sufficient evidence from animal studies and inade-
quate, but suggestive, evidence from human studies leads to a designation of
PCBs as probable human carcinogens, Group B2 under EPA's cancer quidelines.
This designation is not altered by the ancillary evidence from severa)

mutagenicity, promotion, antitumorigenicity, and cocarcinogenicity studies.

Quantification of Carcinogenic Effects

Although CAG regards the human data at this time to be suggestive of a
carcinogenic risk but still inadequate overall, it has recently been learned
(Moolenaar, 1987) that the International Agency for Research on Cancer

(IARC) has upgraded their weight-of-evidence classification on PCBs to

“Timited" (V.e., 2A).

The basis for this recent decistion by IARC has not yet been ascertained.
CAG 1s now attempting to obtain further information from IARC representa-
tives regarding the rationale for their decision. If there are newer data
avajlable to IARC that led to a change In their position, it might necessi-
tate a reconsideration of the CAG position prior to final publishing. CAG
has obtained a more recent study by Bertazzi et al. (1986) not Included 1in
the current draft. A review of this study s underway at this time and will

be included in the final draft.
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1

Data Selection., Human studies, altnough suggestive of a 1ink Detyeen

PCBs and certain types of cancer, are not yet suitable for quantitative
cancer risk estimation. Consequently, risk estimates must at this time be
based on animal studies. The most sensitive animal speclies tested appears
to be the rat. In the past the U.S. EPA has based its risk estimates on a
study by Kimbrough et al. (1975) in which chrontc dietary administratton of
Aroclor 1260 was shown to cause hepatocellular carcinomas in female Sherman
rats. The following analysis, however, is based on a study by Norback and
Weltman (1985) in which cnronic dietary administration of Aroclor 1260 was
shown to cause hepatocellular carcinomads in male and female Sprague-Dawley
rats. This recent study is preferred because the Sprague-Dawley rat has a
low incidence of spontaneous hepatocellular neoplasms, because the Norback
and Weltman (1985) study spanned the natural 1ife of the animal, and because
concurrent morphologic liver studies showed the sequential progression of
Tiver lesions to hepatocellular carcinomas. Because neoplastic nodules have
been shown to precede carcinomas, animals with neoplastic nodules were
counted with those developing carcinomas. The tumor incidences for female
rats, which were more sensitive than the males, are presented in Table
VIII-1. The average levels (in ppm) of PCDFs 1n Aroclor 1260 are typically:
TCOF, 0.2-0.8; PeCDF, 0.3-0.9; hexa-COF, 0.3-0.5 (see Table II-3). The
levels (in ng/g) of 2,3,7,8-substituted toxic isomers are: TCDF, 0.84;
PeCOF, 2.1; hexa-COF, 2.4 (see Table II-5). The toxic PCDFs are analogues
of 2,3,7,8-TCDD, which is a known animal carcinogen. The role of the PCDFs
in PCB toxicity and carcinogenesis 1s still wunknown. The following

dose-response treatment will not consider the contribution of the PCDFs.
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TABLE VIII-1

Data Used as the Basis for the g3* for Aroclor 1260t

Sex, strain, species
Exposure route, vehicle

Tumor site, type

Nominal Dose

Average dally dose
Equivalent human dose
Tumor incidence

Body weight

Exposure duyrattion
Study duration

Animal 1ifespan

Potency (q1*)

Female Sprague-Dawley rat
Oral, diet

Liver, trabecular carcinoma/adenocarcinoma
neoplastic nodule

0 100 ppm
0 3.45 mg/kg/day (5% Food rate assumed)
0 0.59 mg/kg/day (surface-area corrected)
1/49 45/4]
350 g {assumed)
24 months (dose halved during months 17-24)
29 months
29 months (assumed)

7.7 per mg/kg/day

tq1* derived from Norback and Weltman (1985) study.
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Dose-Response Modeling. Current avallable evidence on the metdns ' ;m

and kinetics of PCBs 1s Insufficlent to support the existence of nonlinear
mechanisms for the development of PCB-induced cancer. In the absence of
evidence to the contrary, the U.S. EPA uses the linearized multistage model
to estimate increased cancer risks. The dose data are derived through the
following sequence of transformations. First the nominal dose level of 100
ppm in the diet ¥s expressed as S mg/kg/day, assuming that a rat consumes an
amount equal to 5% of its body weight each day. Then this nominal dose 1is
transformed into a TWA datly dose of 3.45 mg/kg/day, which reflects the
dosing schedule of 5 mg/kg/day for the first 16 months, half of that for the
next 8 months, and none for the last 5 months. Finally, this average dally
dose 1s transformed into an equivalent human dose of 0.59 mg/kg/day, which
reflects an equivalence between species on the basis of relative body

surface areas.

The U.S. EPA sometimes uses other mathematical dose-response models to
provide alternate risk estimates for comparison. This cannot be done with
the preferred data set because the number of dosed groups (one) does not
permit the estimation of two or more parameters as required by the other
models. In particular, with only one dosed group the multi-hit model with
one hit and the Weibull model with shape parameter equal to 1 are identical

to the multistage model used here.

Potency Estimgtion. Using the data described above and the linearized

multistage model, the human carcinogenic potency of Aroclor 1260 s esti-
mated at 7.7 mg/kg/day. For small exposures (those for which the risk is

<10%) the increased cancer risk can be estimated by multiplying the potency
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by the exposure rate. RIsks computed in this manner dare plausidle upper
bounds on the increased cancer risk from exposure to Aroclor 1260, meaning

that the true risk 1s not 1lkely to be higher.

This potency estimate is intended to be representative of other PCB
mixtures as well. At present there s no information about which con-
stituents of Aroclor 1260 or any other PCB mixture are carcinogenic. Given
this lack of information about individual constituents, Aroclor 1260 1is
assumed to be representative of other PCB mixtures. Furthermore, of all the
studies of any PCB mixture, the Norback and Weltman (1985) study using
Aroclor 1260 has superior characteristics, and is, therefore, the most suit-

able for quantitative risk estimation.

Drinking Water Criteria. The concentration of Aroclor 1260 in water

associated with a particular increased 1ifetime cancer risk can be calcu-

lated from the following formula:

Risk x 70 kq
Potency x 2 t/day

Concentration =

assuming a iypical person weighs 70 kg and consumes 2 L of water each day.

For risks of 1074, 107% and 10°¢ these concentrations are 0.5, 0.05

and 0.005 ug/t, respectively.

Sensitivity Analysis -- Neoplastic Nodules. The U.S. EPA's gquidelines

for carcinogen risk assessment call for reporting the relative contribution
of nonmalignant lesions whenever they are used in a risk estimate. Table

VIII-2 glves the 1Incidence of malignant tumors only. The potency using
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TABLE VIII-2

Data Used as the Basis for an Alternate Potency
Calculation for Aroclor 1260%

Sex, strain, species Female Sprague-Dawley rat

Exposure route, vehicle Oral, diet

Tumor site, type Liver, trabecular carcinoma/adenocarcinoma
Nominal Dose 0 100 ppm

Average da)ly dose 0 3.45 mg/kg/day (5% food rate assumed)
Equivalent human dose 0 0.59 mg/kg/day {(surface-area corrected)
Tumor incidence 0/49 43/07

Body weight 350 g (assumed)

Exposure duration 24 months (dose halved during months 17-24)
Study duration 29 months

Animal 11fespan 29 months (assumed)

Potency (@1*) 5.7 per mg/kg/day

tqq* derived from Norback and Weltman (1985) study.
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maiignant tumors oniy s 5.7 per mg/kg/ddy. 26% less thdn the estimg:eg
potency including neoplastic nodules. Using this potency would increase the

drinking water criteria concentration by 35%.

Sensitivity Analysis -- Statistical Upper Bounds. The 1linearized

multistage model uses an explicit statistical 95% upper bound to estimate

the increased cancer risk., It ts not always possible to know the relative
contribution of the upper bound risk estimate because the multistage model
without an upper bound procedure does not necessarily give estimates that
are consistent with the low-dose linear model of carcinogenesis that has
been adopted by the U.S. EPA. In this case, however, the (unlinearized)
multistage model is consistent with the linear model, because the multistage
model with one treated group becomes the one-stage model. which 1s intrin-
sically linear at small doses. The maximum 1ikelthood estimate of the
potency s 5.3 per mg/kg/day, 31% less than the estimated upper bound
potency. Using this potency would increase the drinking water criteria by
45%. Nevertheless, the U.S. EPA does not recommend using maximum likelihood

estimates of risk, because these estimates are typically unstable.

Sensitivity Analysis -- Kimbrough et al. (1975) Study. In the past,
the U.S. EPA has based its risk estimates on a study by Kimbrough et al.

(1975), in which chronic dietary administration of Aroclor 1260 was shown to
cause hepatocellular carcinomas in female Sherman rats. Table VIII-3
presents the tumor incidences from this study. The shorter duration of this
study means that the observed liver lesions are mostly neoplastic nodules
that had not yet progressed to hepatocellular carcinomas. Although the

newer Norback and Weltman (1985) study s preferred for 1ts longer duration,
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TABLE VIII-3

Data Used as the Basis for the Previous Potency
Calculation for Aroclor 1260t

Sex, strain, specles Female Sherman rat

Exposure route, vehicle Oral, diet

Tumor site, type Liver, hepatocellular carcinoma/neoplastic
nodule

Nominal Dose 0 100 ppm

Average daily dose 0 4.57 mg/kg/day (5% food rate assumed)

Equivalent human dose 0 0.78 mg/kg/day (surface-area corrected)

Tumor incidence 17173 170/184

Body weight 350 g (assumed)

Exposure duration 21 months

Study duration 23 months

Animal lifespan 23 months (assumed)

Potency (qy*) 3.9 per mg/kg/day

tqy* derived from Kimbrough et al. (1975) study.
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ft ts useful to know how the new risk estimate compares with the previous
one. Under the same assumptions as before, the potency using the Kimbrough
et al. (1975) study s 3.9 per mg/kg/day, 49% less than the estimated
potency using the Norback and Weltman (1985) study. Using this potency

would Increase the drinking water criteria by 97%.

Consideration was given to estimating the potency from the Schaeffer et
al. (1984) study, in which chronic dietary 1ingestion of Clophen A60 was
shown to cause hepatocellular carcinomas in male Wistar rats. As in the
Norback and Weltman (1985) study, treated rats recelved doses of 100 ppm for
the major portion of their 1ifetimes, over 95X of treated rats developed
hepatocellular carcinomas or neoplastic nodules, and the 1incidence 1in
control rats was <10%. For these reasons one would expect similar potency
estimates from the two studies. A precise calculation using the Schaeffer
et al. (1984) study is not, however, possible at this time, because a
discrepancy in the published tables makes 1t impossible to determine the
number of animals at risk. For now the Schaeffer et al. (1984) study can be

used to confirm the Norback and Weltman (1985) results, which are used to

estimate potency.

Schaeffer et al. (1984) also studied another PCB mixture, Clophen A 30,
which appears to be less potent than Clophen A 60. It would be misleading,

however, to quantitatively compare the potency that might be calculated from

this study with the potency that was calculated from the Norback and Weltman
study, because Schaeffer et al. used male Wistar rats and Norback and
Weltman showed that female (Sprague-Dawley) rats are more sensitive than

males.
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Cancer Potency Estimates for AroclorR 1254 and other PCB mistures

Because exposure assessments sometimes find PCB mixtures that resemble
g product§ other that Aroclor® 1260, it is often asked whether separate
cancer potency estimates can be made for other PCB mixtures. Although the
best data base for estimating the cancer potency is on Aroclor® 1260, 1t
is dappropriate to ask whether existing data on other PCB mixtures are

adequate for making separate cancer potency estimates.

A natural candidate for a separate cancer potency estimate s Aroclore
1254. An estimate can be based on the 1978 National Cancer Institute (NCI)
study of Aroclor® 1254, in which statistically significant, dose-related
increases in liver nodules, benign tumors, and malignant tumors combined
were seen in Fischer 344 rats fed a diet containing Aroclore 1254.
Preliminary calculations would 1indicate a cancer potency of 2.6 per
mg/kg/day continuous 1ifetime exposure to Aroclor® 1254. This estimate is
a plausible upper bound, meaning that the true cancer potency 1s not likely

to exceed this estimate and may be lower. Detalls of the study and the

potency calculation are given in Table VIII-4.
Several sources of uncertainty deserve mention:

1. NCI used only 24 rats per group (50 }s considered standard today), so

the potency estimate is rather imprecise.
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TABLE VIII-4

Data Used for the Preliminary Cancer Potency

Estimate for Aroclor® 1254

Substance Aroclor(R) 1254
Reference NCI, 1978
Sex, Strain, Speciles Female Fischer 344 rats
Exposure Route, Vehicle Oral diet
Tumor Site, Type Liver nodular hyperplasia and adenomas
Nominal QDose 0 25 50 100 ppm
0 1.25 2.50 5.00 mg/kg/day (5% food factor)

Average Datly Dose
Equivalent Human Dose

Tumor Incidence

Tumor Percentage
Statistical Significance
Trend Significance

Animal Weight
Exposure Period
Study Length
Animal Lifespan

Potency (q1*)

] 1.16 2.32 4.65 mg/kg/day (105/113 weeks)
0 0.17 0.33 0.64 mg/kg/day (surf-area adj)
0724 6/24 10/22 19/24

0% 25%  45%  79%
-- 1€-02 2€-04 1E-08
<0.001, linearity 0K

250 220 200
105 week

113 week

113 week {(assumed)

180 g (at end of study)

2.6 per mg/kg/day
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2. The NCI study lasted 24 months., Although this is today's standard,
Norback and wWeltman demonstrated that PCB-fed rats (but not control
rats) develop many tumors after 24 months. EPA considers the Norback
and Weltman study more appropriate for estimating a lifetime cancer

potency.

3. NCI's female rats developed only benign liver tumors and nodules, so
some may arque that there was no cancer. Norback and Weltman,
however, demonstrated that nodules progress to benign tumors, which
in turn progress to malignant tumors. Under EPA's cancer guidelines
it is, therefore, appropriate to consider benign tumors and nodules.
Furthermore, some male rats in the NCI study did develop malignant

1iver tumors.

EPA's cancer potency for Aroclor® 1260, which 1s presumed to apply to
other PCB mixtures as well, 1is 7.7 per mg/kg/day continuous 1ifetime
exposure. Although 1t appears that the cancer potency of Aroclor® 1254
may be slightly less than that of Aroclor® 1260, this difference may not
be real in 1ight of the uncertainties cited above. Larger differences are
commonly seen between different sexes and animal strains. For example, a
comparison of the NCI and Norback and Weltman studies suggests that
Aroclor® 1254 may be more potent In male Fischer 344 rats than Aroclore
1260 s in male Sprague-Dawley rats. For these reasons, the current data
are 1inadequate to differentiate between these PCB mixtures with any

reasonable degree of confidence.
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Further investigation, perhaps taking 1into consideration potency
differences between PCB mixtures for other toxic effects, 1s needed before
there can be separate cancer potency estimates for each PCB mixture. At the
present time, though, the data are 1inadequate for calculating separate

cancer potency estimates for each PCB mixture.

Existing Guidelines, Recommendations and Standards

Manufacture, sales and distribution of PCBS have been restricted under
Section b(e) of the Toxic Substances Control Act (TSCA) (P.L. 94-469). PCBs
were restricted to sealed systems as of 1977, manufacture and distribution
were banned in 1979. Rules for the disposal of PCBs were proposed in 1978
(43 FR 7150). Mansanto voluntarily suspended production of Aroclors before

the ban.

The U.S. EPA (1980a,b) has set ambient water quality criteria for PCBs
for the protectton of humans from increased risk of cancer over the 1ifettime
of 10°%, 10°¢ and 1077, at 0.79, 0.079 and 0.0079 ng/t, respec-
tively. As a result of the large BCF, these criterla apply regardiess of
whether exposure occurs through consumption of 2 & of water and 6.5 g of
fish/day or through consumption of fish alone. Table IV-6 presents the
geometric mean levels in freshwater fish taken around the United States
between 1976 and 1981 (Schmitt et al., 1985). The most contaminated fish
(22 ng/g wet weight) In 1980 and 1981 were taken from the Hudson, Connect-
fcut and Delaware Rivers in New England; Lakes Michigan, Huron, Erie and
Ontario; the Mississippt in Minnesota; the Ohio River; and the Cape fear

River 1in North Carolina. Fish bloaccumulate the more chlorinated PC8
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tsomers (Wszolek et al., 1979; Brown et al., 1985). Ffood chain vectors also
are important in the congeners biloaccumulated (Bush et al., 1985a). The

Food and Drug Adminjstration (FDA) has set tolerances for PCBs in food and

food related products as indicated in Table VIII-S.

Occupational exposure 1imits have been recommended by the American
Conference of Governmental Industrial Hygienists (ACGIH, 1980), and a recom-
mended criterion set by the National Institute for Occupational Safety and
Health (NIOSH, 1977) for PCBsS in the workroom air. The TWA and STEL for
Aroclor 1254, respectively, are 0.5 and 1.0 mg/m®; and 1 and 2 mg/m?® for
Aroclor 1242 (ACGIH, 1980). The NIQOSH (1977) recommended criterion for PCBs
s 1.0 ug/md® for all PCBs for a 10 hours/day, 40 hours/week exposure.
The OSHA permissible exposure level (PEL) and immediately dangerous to life
and health level (IDLH) for Aroclor 1242 are 1 and 10 mg/m?, respectively,

and 1 and 5 mg/m® for Aroclor 1254 (NIOSH, 1977).

The NAS (1980) developed & 24-hour SNARL for PCBs of 350 wug/t based
on the induction of mixed-function oxidase enzymes in the liver of rats
administered Aroclor 1254 at doses of 1-2 mg/kg. Ffor this analysis, an
uncertainty factor of 100 was used, since only enzyme induction was reported

in this dose range.

Summary
A recommendation was not made at this time for 1-day or 10-day HAs or a

DWEL because of a deficient data base on toxicity and exposure to PCBs
through drinking water in the United States. A longer-term HA for Aroclor

1016 for a child has been estimated to be 0.001 mg/t and for an adult
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TABLE VIII-5

FDA Regulations for PCBsd

Commodity Temporary Tolerances
(ppm)
Milk (fat basis) 1.5
Manufactured dairy products (fat basis) 1.5
Poultry (fat basis) 3.0
tqgs 0.3
Finished animal feeds 0.2
Anima) feed components of animal origin 2.0
Edible portion of fish and shellfishD 2
Infant and junior foods 0.2
Paper food packaging material 10.0

agource: 21 CFR. 109.30. 51,725; 44(127) FR 38330-38340; 49(100) FR 21514-

21519.

bThe edible portion of fish includes heads, scales,
bones.
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0.00635 mg/t. A cancer based criterion for Aroclor 1260 was derived dang
calculated for excess 1ifetime cancer risks of 1074, 1073 and 107s.
The respeciive water concentrations are 0.5, 0.05 and 0.005 ug/t (Table
VIII-6). If Aroclor 1260 1s detected in the finished drinking water then
the cancer based criterion may be applied. A declsion to utilize the cancer
potency estimate from Aroclor 1260 to characterize the upper 1imit risks and
or calculate specific drinking water criteria for other PCB mixtures is risk

assessment option (policy choice).
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TABLE VI1I-6

Summary of Calculated Health Advisories for PCBs

Calculated Level

Health MOEL or NOAEL Specles/ Effect for Safe Exposure Reference
Advisory Route
Child Adult
1-Day No data avallable*
10-Day 1 mg/kg/day rabbit/dlet reproductive 100 g9/t Villeneuve

Longer -term 0.01 mg/kg/day

Lifetime
DMEL

effect
monkey/dlet reproductive 1 ug/t 3.5 w9/
effect
SD-rat/dlet carcinogenic NA excess cancer
effect risks at levels
1004 = 0.5 ug/t
1075 = 0.05 ug/2
10°¢ - 0.005 ug/t

el atl., 1911

Barsott) and
Van Miller, 19684

Norback and
Weltman, 1985

*Recommended that the 10-day HA of 100 ug/a for 10 kg chlld

NA = Not applicable

be used as the 1-day HA for the 10 kg child
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