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. Subcommittee on the Health Effects

of PCBs and PBBs

Purpose:

"1, "Assemble, review and interpret data that assess the health

significance of polychlorinated biphenyls."

2. “Formulate recommendations as to future research needs."

Spﬁcific Objectives:

1. Chemistry:
Assess the impurities that may be found in PCBs and PBBs, the

"hardnesa" of the data giving their potential for accumulating

in the food chain.

2. Metabolism and Biocheﬁical Toxicity:
Asgess the metabo}ism of PCBs and PEBs and the possible contri-
bufion of specific isomeric hémologs to the observed toxicity;
evaluate possible effects at the céllqlar level; and define

eéxisting dose-response relationships for the phenomena.

3. Animal Toxicity and Carcinogenicity
Asgess the short and long term effects, including carcinogenesis,
of exposure to PCBs and PBBs in various animal models, their

relationship to knqwn'human'effects, and the establishment of

doée-response curves.
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4. -Human Exposure
Quantify known human exposures, accidental pulsed, and long
range, their relationship to possible overt symptomatology,

and the establighment of possible dose~response curves.
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e INTRODUCTION

PCBs were reportedly first synthesized in 1881 by Schmid:

and Schultz, but were not available commercially until 1930!

(Hubbard, 1964), From 1930 until 1970, when.their distribution

in the U.S. was voluhtarily restricted by Monsanto to closed

systems, the use of PCBs in a wide variety of industrial applica-.

tions had steadily increased.

. e——

1.

Commercial PCBs are complex mixtures. Aroclor 1256; for
example, contains 69 different molecules (Zitko, 1971), which

.differ in the number and position of chlorine atoms.

x X x' x, ¥ f gl 'gl
. . <
x-/ \ -/ . \ x’or x__([/ c\\ .{l \_‘v
X X X x' <= <,
X X X

This is a.chemical representation of a PCB molecule. C = -
carbon atom, X * Cl (chlorine atom) or H (hydrogen atom).

The basic parent molecule contains two benzene rings connected
by a carbon-carbon bond. When all the X' and X are hydrogen,
the molecule is called biphenyl. When several of the hydrogen
atoms are replaced by chlorine atoms, the molecule is called

a PCB. X and X' are used to indicate that the chlorine atoms
are on different benzene rings. For example, the cbemical
structure for 2,5,2' 5'-tetrach10robipheny1 is:

Positlonal iuomers have the sare nurber of chlorine atoms,
but they are located at different positions on the ring. 2,
5,2',5'-tetrachlorobiphenyl and 3,4,5',4'-tetrachlorobiphenyl
(TCB) are isomers. They are different molecules with differ-

ent chenical, physical, and biological properties. The chemical
structure for v4,3',4'-TCB is:

ooy e
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The problem of polychlorinated biphenyls (PCBs) became of

national concern in 1971, when several accidental contaminations

.of foods were reported. In addition, the extent of the environ-

mental contamination, and its persistence, were.not precisely

known, Subsequently, various regulatory actions were taken by

_the concerned agencies involved and, with the cooperation of-the

only U.S. producer, the situation was felt to be under control.

.. n——

Then, in 1975, the reported high levels of contamination,
with PCBs; of Hudson River fish, refocused national attention on
this environmental contﬁminant. It wés soon apparent that the
action§ and control measute; ;f the early 1970's.had not succeeded

in totally reducing, or even substantially alleviating the problems

assoclated with this environmental pollutant.

On q?vembei 17-19, 1975, a National Conference on Polychlori~
nated Biphenyle, sponsored by the Environmental Protection Agency
.1n cooperation with the Depattmeni of Agriculfure,'Council on
Environmental Quality, Department of Health, Education.and,ﬂelfare
and Depattm;nt of the Interior.'was held in Chicago, Illinois.
This cénferenge brought together the latest data, and scientific
expertise, to consider all aspects of the various problems asso-

ciated with PCBs, and the means fof their possible resolution.

"In his introductory remarks to the Session on Health Effects

ind Human Exposure, Dr. David P. Rall, Session Chhirman. announced

‘ the formation of a Subcommittee on PCBs of the DHEW Coinuttee to

Nev 022899
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Coordinate Toxicology and Related Programs. The Subcommittee
was given the charge to: |
1. Assemble, review and interpret data that assesses the health

significance of polychlorinated biphenyls,

2, Formulate recomnendhtions as to future needs.

The accidental confamipation of animal feede with polybromin-
ated biphenyls (PBBs), and conpequenﬁ,human exposures, that occurred
in the State of Michigan, has been approached not only on its own
basis, but in comparative relationship to the PCBs, as well.
Therefore, the scope of this Subcomnitteé was expanded to tﬁe
Subcommittee on the Health Effects of PCBs and PBBs. Members of
this Subcommitteé came from within the Deoartment’of Health,
Education and Welfare, as well as including consultants from other

Federal Agencies concerned with this difficult problem.

The report which follows repreéents‘the culmination of this

Subcommittee's efforts.

o
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_ GENERAL
SUMMARY AND CONCLUSIONS

CHEMISTRY

The great complexity. of PCB commercial mixtures has provided
the difficult task of separating the components of these mixtures
and determining the complete identity of the compounds. Efforts
to define these mixtures have been quite successfﬁl over the
past several years (Hutzinger ef al.,.197é). Identification of
the component chemicals in PCB residues preseﬁts another difficult
problem. Little progress has been reported in this area. Since
the fate of components of commer§131 PCB mixtures entering the
environment cannot be followed directiy, iﬁferences must.be drawn
about chemical alteration of chlorinated biphenyl compounds in

the environment mainly based on laboratory studies.

The known-resistance of aryilchlbrides to chemical oxidation
and hydrolyeis presumably was a major fa;toé in the.promotion of
PCBs f?r industrial uses. Exposure to non-metabolic environmental
agents 18 unlikély to result 16 significant oxidation or hydrolysis
of chlorinated biphenyls., However, since appreciable photoaltera-

tion of chlorinated biphenyls has been observed using either sun-

.likht or aunlight-qimuiating lamps in the laboratory (Hutzinger

et al., 1974) as energy sources, it 1s highly probable that photo-

chemical changes occur in'the environment. These photochemical

. studies have indicated that reductive dechlorination to biphenyls

NEV 022901

732956



-ow -

R

s

of lower chlorine content is a predominant altefation route
although formation of more polar cqmpounds,.including a chlori-
nated dibenzofuran, hgs also been reported (Hutzinger et ai.;
1974; Crosby‘qnd Moilanen, 1973). The diverse conditions of
the environment make it difficult to predict accurately the end
products‘;nd rates of photoalteration of chlorinated b;phenyls.
From a comparison of carbon-halogen bond-energies, brominated
biphenyls might be expected to be ﬁorg readily altered by light
than chlorobiphenyls. But because of ' the lower volatility and
different end uses of btomobiphenyls. they.ma; not be as readily

exposed to light as the chlorinated analogs.

A typical PCB residue from fish'reseqbles the Aroclor 1254
mixture more closely than it does other Aroclors (21tko et al.,
1975; Veith, 1975). Considering the major components of Aroclor
1254 (Sissons and Welti, 1971) it appears that penta-, hexa-, and
heptachlorinated biphenyls tend.to concentrate at this trophic
level in th; biospﬁete. It is of cénsideréble interest, therefore,
to carry out comparative accumulation, metabolism and toxicity
stud;;a emphasizing these higﬁe; chiorinated biphenyls using

compounds of known chlorine substitution pattern. Individual

chlorinated biphenyls are now quite accessible through synthesis

and recent studies have begun to obtain these Eypes of biological

data.

Studies using a groﬁp of five symmetrical hexachlorobiphenyl

isomers in chicks (McKinney et al., in press) aﬁd in mice (Biocca,

NEV 022902
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1975) indicated that distinct difference in toxiciéy atre possible

and these differences could be relaied to structure. The isomers

with chlorine substituents in the 4,4' positions appeared to

accumulate more rapidly in adipose tissue, showed iﬁcreased acti-

vity'in the liver and greater overall toxicity (McKinney, 1975;

McKinney et al,, in press). Comparison of two pentachlorbiphenyls

in laying chicks again indicated the one isomer with 4,4'-substitu-

téon to have greater toxic effects (Ax and Hansen, 1975; Ax et

al., 1976). Structure-activity relationships, particularly for
Biphenyla'known to be major components of commercial PCB miitures,

could be useful in assessing the potential hazard of these compounds.

A major part of determining human exﬁosure to PCB residues in
foods is evaluating the adequacy of the analytical methodology used
and the significance of the data obtained. The methods applicable
to PCB determin;tion are complex and to be judged adequate should

give acceptably reproducible results in the hands of experienced

analysts. The degree of sdccens of inter~laboratory collaborative

studies helps meaéure the aQequacy of a method,

PCB residues are multicomponent mixtures. Many common. chlori-
nated pesticides are extracted from samples along with the PCBs.
Procedures for separation of PCB residues from interfering pesti-
cides therfore becéme important as a prerequisite to quantitation.
Several different quantitation techniques have been used (Hutzinger

et al., 197&). Comparison of .PCB residue data is difficult where

standardization of the quantitation procedure is lacking.

NEV 022903
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It has been shown that recovery of PCB mi#tures purposely
added to food samples, using commonly applied analytical nethpdo-
logy, varies with the avefaée level of chloerination. Recoverles
tend to decrease with increasing chlorine level (Stalling et al.,

1972),

Ahaiytical procedures for determination of PCB énd PBB (the
latter 1s predéminantly a hexabromobiphenyl) residues are essen-
tially similar, They differ somewhat.in cleanup of the extract
and in the use of a higher column temperature’ for gas chromato-
graphic determinﬁtion 6f the PBB residue. The limit of quantitation
for PCBs is generally 0.2 ppm for individual foods and about 0.05
ppm for Total Diét composiges using Food and Drug Administration
nethoddlogy. For PBB residues, the limit of quantfta?ion is
app;oximately 0.05 ppm in fats and 0.0l ppm in non-fatty foods.
Intetlaborator; gtudies of analytical methods forrPBB determination

have not been reported.

The chlorinated diben;ofgrans (C1-DBFs) have become a focus
of concern as the class of coniémiﬁant compounds in commercial
PCBs most likely to contribute significantly to the toxicity of
the.?cn nixtufe. This concern presumably stems mainly from the

demonstrated toxicity of 2,3,7,8-tetrachlorodibenzo~-p-dioxin

" and the similarity in structure between dibenzo-p-dioxin and

dibenzofuran (NIEHS Conference, 1973; also see Appendix of
Chemistry Report) and from the little toxicity data fhat has been

published for Cl-DﬂFs (Bauer et al., 1961)., Recent data indicated

NEV 022904 ;

732959



R 24

ey mamt v gme

T PP AP T W ale v o .

. v -

the toxicity of 2,3,7,8~tetrachlorodibenzofuran aéproacﬁes that
of the analogous dibenzo-p-dioxin at least in chicks and in pufnea
pigs (Moore et al., 1976). 1If the chlorinated dibearo=p=dioxins
can serve as an example, chlorinated dihcnznfurnn'ioxlcity cim

be expected to vary with number and position,of chlorine atoms

on the par;nt ring systen.' Relationships between structure and
toxicity will emerge as more G1-DBFs are synthesized and tested

for. toxicity.

A range of C1-DBFs (from dichloro through hexachloro)_have»
been reported in various Aroclérs (Roaéh and Pomerantz, 1974b;
Bowes ‘et al., 1975a) and two specific compounds, the 2,3,7,8-
tetrachloro- and 2,3,4,7,8-pentachloro-dibenzofurans, have been
identified (Bowes et al., 1975b). Quantitation of C1-DBF contami-
nants in fCB mixtures, a difficult procedure, suggests total C1-DBF
levels in the low parts per million range (Nagayama et al., 1975;

Bowes et al., 1975a). The presence of Cl—DﬁF in a synthesized,

"individual, symmetrical cﬁlorinated biphenyl has been reported

(Moron et al., 1973). Chemical analysis of these individual
chlorobiphenyls may be necessary prior to their use in toxicological

and other biological studies.

There have been no publiphed posiﬁive findings of C1-DBFs in
environmeptal samples or in foods other than tice oil., The finding
of C1-DBFs in such samples would not necessarilyvimplicate commer-
cial PCBs as the source of these contaminants sigce C1-DBFs

(genefally the higher‘§h;o£1ne levels) have been reported in other

- "‘,,t'.,h_; <
W
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industrial chemicals (Firestone et al., 1972; Schwetz et al.,
1974; Villanueva et al., 1974). It is also possible that Cl-DBFs

may be formed or altered-in the environment,

METABOLISM AND BIOCHEMICAL TOXICITY

Th; effect of,PCBe_and PBBs on ;he_hepatic nixea?function
oxidase (MFO) enzymes has been the most thoropghly studied of
any biochemical parameter that they.;re known to alter. On a
molar basis, the PBBQ are approximately five-fold more potent
than the PCBs in indiucing increased levels of the MFO enzymes
(Parber and Baker, 1974). Among the PCBs it appears as if their
potency increases with 1néreasing'ehlor1nation and chlorine sub-
stitution in the para> ortho) meta pésitions respéctively
(Echobichon, 1975). However, this induction of the MFO enzymes
is not uniqué to these compounds and the induction observed is
well withip the range obaerved.wi;h-many other xenobiotics. The
PCBs are somewhat unique as MFO induceralin that they induce the
formation of both Type I and Type II P-450 (Alvares et al., 1973),
but this induction may have Leen due to the fact that the commercial
formulation used in the study was a mixture of twenty orimore PCBs

vhich vere metabolized to an even greater number of metabolites.

In addition, many, if not most commercial PCB formulations contain .

trace amounts of chlorinated dibenzofurans (Araki, 1974). These

compounds may be up to 170 times more potent as MFO inducers than

the PCBs. The chlorinated dibenzofuran concentratioh of American

NEv 022906
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PCB formulations is usually quite low when they aée produced, how-
ever, the effect of long-term is u&known. In any case, since
induction of the MFO enzymes may result in increased hormone
metabolism or carcinogen activation, exposure to tﬂ? PCBs and PBBs

choﬁld be limited on that basis alone.

PCBs and PBBs administered at relatively high concentrations,

usually 50 ppm or higher in the diet, to laboratory animals have

. - a—

been shown to cause prophyria (Goldstein et al., 1975), disfunction

_of the thyroid (Bastomsky. 1974), inhibition of various enzymes

(Pardinj, 1971), changes in the liver to body weight ratios (Garthoff
et al., 1975) various disorders of the liver (Kimbrough et al.,
1975), and to alter the level or utilization of cort;costeroide
(Wasserman et al., 1973) and vitamins A, D and E (Cecil et al.,

1973; WOn? et al,, 1974; Combs et al., 1975). Certain of the less
chlorinated PCBs have also been shown to have a mild estrogenic

effect when Eested in the immaturg rat and mouse (Xihlstrom, 1973;

'Nelson, 1974). However, most of these parameters have not been

studied 1n,sensi£1ve species or demonstrated at low exposure levels

in laboratory animals,

The avaiiable data imply that the PCBs and PBBs containing
six or fewer halogen atoms are readily ébaorbeq from the gut of
higher animals. The available data also imply that the PCBs are
not excreted to an appreciable extent prior to metabolism to more

polar compounde, and that long term PCB storage is in the skin

and adipose tissue (Matthews and Anderson, 1975a). Studies of PBB

NEV 022907 10
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metaboligm are not yet available. Since.tissue sampleé from birds
and mammale with known exposures to PCBs usually contain only those
PCBs with five or more chlorine atoms, it is assumced that the

vless chlorinated PCBs have been metabolized and excreted. On the
other hand there is little evidence that fish can metabolize any
PC§ and aﬁ analysis of fish tiésue usually shows a PCB pattern

very similar to that to which the fish were exposed (Stalling and

_Mayer, 1972).

Laboratory studies have demonmstrated that the rate of PCB
netaboli;n and thus excretionAis apprbxinately inversely propor-
tionallto the degree of PCB chlorination so long as there are
t;o adjacent unsubstituted carbon atoms on the biphenyl molecule.
When two adjacent unsubstituted carbon atoms are not present the
biologicil half-1life of the given PCB may be a matter of years
and accumulation of high tissue concentrations with continued

exposure ig inevitable (Matthews and Anderson, 1975a). It should

. be noted that the major cbns;ituent of Fireméstet‘BP-6 does not

have two adjacent unsubstituted carbon atoms and that the corre-
sponding PCB has been shown to have an exttemélyhlong half-1ife

in the laboratory rat and probably the human population as well.

It phbuld also be noted that metabolism can also result in
further complications of the'PCB.problen becaﬁse those PCBs which
are most readily metabolized and e;creted are those vhiﬁh are most
likely to be metabolized via arene oxide 1ntermédiates. And wvhere

as the reactivity of.hgené oxides varies greatly and often
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ultimately dgtermines the toxicity, wu;hgenicity or carcinogenicity
of the parent compound (Jetinq and Daly, 1974), the PCBs offer
lu;h a range of dggrée and position of substitution that' it would
not be unlikely to find that one.or mofe of these PCB metabolites
would have the proper ataﬁility to_be a mﬁtagen or a carcinogen.
Thus a nove'from the more highly chlorinated PCB formulations to
the less chlorina;ed ones may heli solve the lohg-term residue

problem only to intensify other problems.

ANIMAL TOXICOLOGY

Gleaning the information that 1s now available on animal

toxicology makes it obvious that different commercial mixtures

- of PCBs elicit different toxic responses in animals, and that

different animal species vary in their suﬁceptibility to fhe
toxic effects of PCBs. Reproduction 1§.aevere1y affected in mink
at a dieta;y level of 5 ppm Aroclor 1254, and a slight effect

is still noted at a dietary level of 1 ppm (Ringer et al., 1972).
In rhesus monkeys reproduction was reduced at a dietary level of
2.5 ppm of Aroclor 1248 (Allen 1975). 1In rats a digtaty level

of 20 ppm Aroclor 1254 depressed-teproduction while in the same

rat strain (Sherman), in a study conducted.simultaneously in the

' same laboratory, a dietary level of 500 ppm Aroclor 1260 was

necessary to reduce reproduction (Linder et al., 1974). 1In
comparative studies done with European products, Phenoclor DB6
and Clophen A60, and the American pioduct. Aroclor 1260, the
022909
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Europeanﬂptoducts were more toxic to chickens than the.Anetican
product (Vos & Koeman, 1970). The difference in toxicity in this
study was attributed to contamination of the European products

with chlorinated dibenzofurans and perhaps chloriﬁated‘naphthalenes.
Roﬁever. if the differences in the effect on éeptoduction by the
different Aroclors are compared, the contamination with chlorinated

dibenzofurans may not be the decisive factor..

M ———

Hepatic porphyria has ?een,produ;ed in a number of species,
. namely t@e chicken, r&Bbit, Japhnese quail and rat, by a number
of commercial mixtures, such is Cloph;n A60, Phenoclor DP6,
Ayocldr 1016, 1242, 1254, and 1260 (Vos and Koeman, 1970, Vos
and Beems, 1971, Iverson et al., 1975, Goldstein et al., 1974,
-1975). 1t (hepatic porphyria) has not been reported in the menkey,
mink or ﬁuman (see Yusho) mammalian species quite susceptible to
the toxic effects of PCBs in other ways. Aroclor 1254 and Aroclor
1242 produced hepatic porphyria in the femaie rat at doses lower
- than Aroclor 1016. Again; different'comnercial mixtures produce
this toxig effect at different dosage levels. The hepatic porphyria
occurs conéouitantly with an‘inctease in ALA synfhetase in the
liver. Mixed function oxidasesvare also induced in the liver
and comparative studies with PCB isomers have suggested that if
the 6.&"positiona on the biphenyl ring are occupied by chlorine

atoms the effect is most pronounced (Ecobichon and Comeau, 1975).

The liver is the primery target organ for PCBs in the rat.

Early changes include hepatomegaly with a concomitant increase-
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in smooth endoplasmic retiulum, lipid.acéumulation at higher
dietary levels (20 ppm for Aroclor 1254 and %260) and ultra-
structural changes such as atypical mitochondria and the formait {on
of “fingcrprints" in the hepatic cytoplasm ("fingerprints" consist
of concentrically .arranged membranes surrounding lipid vaéuoles).

An increase in mitotic figures and cell breakdown are increasingly

noted with either higher doses or lomger exposure (Kimbrough, 1975).

These changes are not as pronounced with Aroclor- 1242 or 1016,

Similar changes have been reportéd in the primate (Allen, 1975).

In the mouse, liver tumors have been produced with Aroclor

1254 (Kimbrough and Linder, 1974) and Kanechlor 500 (Ito et al.,

. 1973) and in the rat with Kanechlor 400 (Kimura and Baba, 1973)

and Aroclor 1260. Some tumors have also been produced with Aroclor
1242; 1254 and 1260 (Calandra 1976) in rats in a separate study.

In one study with Aroclor 1260, some of the tumors were classified
as hepatocellular carcinomas (Kimbrongh et al., 1975). The dietary
levels of tﬁe PCBs in all of these sfudies were 100 ppm or more, a
high level when compared to the daily average human intake of PCBs
but n;f very high for subgroups ;1tﬁ a high intake of fish from
poliuted vaterways or in some occupational situations. This is

emphasized by the fact that the dietary levels which produce tumors

arid the relatively_low dietary levels which affect reproduction

(2.5 ppm in the monkey and 1 ppm in the mink) of some commercial
PCB mixtures do not represent a no-effect lével. It is presently

not known what the po-effect levels are. Other uncertainties
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contribute to these problems. The Yusho oil which caused a poison-
ing outbreak in Japan was not only contaminated with PCBs but also

with high levels of thor{hated dibenzofurans.

. In the primate, in addition to the effect on the liver, the
gastric mucosa (Allen»aﬁd Borback, 1973), the skin, and the Meibo-
mian glaﬁds are also affected at comgaratively low dfetatyllevels |
and thg bone marrow is dépre;sed (Allen 1975) while the gastric
mucosa of the rat is only affected ag'exceedingly high doses
(Kimbrough, 1974). whéther the dog also shoqe an effect on the
gastric mucosa needs clatificétions In the rabbit, atrophy of the
thymus is a toxic manifestation in addition to liver pathology
(Vos and Beems, 1971). Fluid accumulation occurs in pfimatee,
chickeﬁs, and finches. The lymphaticAayeten is aléo.affected in

minks.

The few studies conducted.with some hexachlorobiphenyl isomers
demonstrated that the 3,4.5.3',4',5'.hexathorobiphenyl was the ﬁost
toxic while 2,3,6,2',3',6' hexachlorobiphenyl w;s the least toxic
isomer (Biocca et al., 1575). 'Penta-; hexa- and heptachiotobiphenyls
are preferentially retained in mammalian adipose tissue for extrem;ly
long perion of time (Kimbrough, 1975) at fairly high concentrations
in the rat for a recovery period of 16 monchs.A Hhethetvthis has

an influence on the toxicity of PCB mixtures has not been determined.

The toxic effects of the contaminants of PCBs have not been

extensively studied. While it is assumed that.chlorinated
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naphthalenes are toxic within the.same dosage range as the chori-
nated biphenyls, the chlorinated d{benzofurana probably have a
greater toxicity. It is assumed that 2,3,7,8 tetrachlorodibenzo-
furan 18 the most toxic of this group of compounds. This compound
also shows marked species variation, While the single oral LDs5g
1n'guineé pigs is between 5 and 10 ug/kg bodyweight, 1000 ug/kg
TCDF given orally had no foqcc on rats. Mice are equﬁlly insen- |

pitive to the toxic effects of TCDF (Moore et .al., 1976).

-

For. the brominated biphenyls limited toxicity data are only
availablé on mixtur&s_containing predominantly hexa- and Qcta-
bromobiphenyl. Both mixtures differ sufficiently in isomeric
cbmposition so that their toxic-effects may quantitatively be
quite different and also different from the PCBs. Again the
problem of toxic contaminange has not been resolved. If toxic
effects are similar to PCBs then, at least in some species ;uch
as mink and monkey, longterm low level exposure should result in
measureable toxicity. Additional animal studies are needed to
resolve some of these problems. Poor metabolism and exc;etion.
of the br;ninated biphenyl# may lead to long retention of these
conpoﬁnds predominantly in adipose tissue with accumulation to
very high levels on continued exposure. Whether this would lead

to sufficient recirculation of the chemicals to caﬁse toxic effects

on target organs in presently not known.
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HUMAN EXPOSURE

Several reports (Jelinek & Corneliussen, 1975; Humphrey,:
1976; Kutz and Yang, 1975; Dennis, 1975; Kleinhert, 1975; Hesse,

1975; Yobs, 1972; Kutz and Strassmman, 1975) provide evidence that

‘would indicate that a sdbstantial proportion of the population

of the Uﬂited States has been exposed to PCBs. Miniﬁkl human
exposure of the population to PCBs has occurred from food, air
and wvater, while significant human exﬁoaure appears to be limited
to spofts fishermen coﬁsnminglfresh water fish from contaminated
streams and 1akg§, and to occupatibdnal exposure in industrial

workers.

Jelinek & Corneliussen (1975),.1n reQiewing data from the
FDA Total Diet Study (1971-1975) report that all food classes
of the total diet have declined to no PCB occurrences except
in these meat-fish-poultry composites. About 40 percent of these
compoeites“continue to contain detéc;able-residuea of PCBs, .
although only traces have been detected in the latter years.
The'fac; that levels in these éompbaites h;ve declined t; only
traces further support the inference that the meat, poultry and
eggs no long;r contain detectable PCBs and that the low level
findingl are probably due to the fish in these composites. This
would imply that the PCB levels in the diet may have "bottomed out"
and nay'renain static uptil such tine.as there is ; change in the

PCB residues in fish.
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Data compiled frrm studies sponsored by the Nikional Marine
Fisheries Service (NMFS) also suppor; the continuing presence of
PCB residues in fish. A compilation of PCB data, representing
the results of all the measurements known to NMFS o; PCBs in
fish ﬁsed in the U.S. diet, indicates several important points:
(1) while at one time or another, some PCB measurements have been
made on many fish, there is an lnadeqqacy of information on PCB
residues in the most important fish items in the fish diet; (2)
sampling and analysis have been aporadié and not designed to
ieaaute trends in human exposure; and (3) systematic suryeys'of
neither the important items nor the species most likely to be

contaminated have been undertaken.

However, these survey data do show that in general U.S.
fish eaters include a wide variety of fish items in their diet
and that some 93‘percent of the U.S. populatiop (197 million)
consume fish, with the average annual consumption of fish being

15 pounds/year/fish eater.

At presént. it is diffidult to estimate all human exposure
to PCB from eating fish, either from the population as a whole or
subgroups at higher risk of consuming large quantities of fish
with higher PCB residues. Fragmentary evidence from ﬁMFs data
suggests that the ekposure of the population as a whoie from
PCB residues in ingested figsh is probably well be19w 19 mcg/day/
consumer, based on PCB levels which are estimated to be below

1l ppm and 19 g of fish consumed/day. This can be compared to

NEV 022915

732970



B S,

. ey -

o=

..

.—-.-"W-n"r?""

the results of the FDA Total Diet Study where it has been estimated
that the overall PCB daily intake is on the order of 510 mcg/day
for the general population. The lower FDA estimage is based on
the methodology of the Market Basket Survey where £ish are pur-
chased at the consumer level and would not be applicable to diets
wvhich include a high consumption of fish from certain areas with

high PCB residues.

r———

A recently completed study (Humphrey et al., 1976) has

" attempted to assess some of the consequences of human exposure to

PCBs from the high consumption of fish from contaminated areas.
The résults of this study ;how that a gtdup of sports fishermen
consu&ed an average of 24-25 pounds of fish/person/year, with the
highest individual exposure for a two year period reported as

180 pounds per year. PCB residues in cooked fish ranged from
0.36 to 5.38 ppm. Although there was a vide range of blood PCB
levels for each quantity ?f fish consumed, there was a highly
‘significant cor;elation between the reported quantity of Lake
Hichignn fish consumed and the concentration of PCB in the blood
of study participants, with the higher reported fish consgmption
being associated.with higher PCB blood levels. The blood values
flnged from a low of 0.007 ppm in the control group (fish consump-
tion less than 6 pounds/year) to a high of 0.566 ppm in the

exposed group (fish consumption 24-25 pounds/year).

- .

These investigators cpiéulatqd that the amount of PCB ingested

by the exposed gtoup'conid average 46.5 mg/year and ranged from
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16.17 to 114.31 mg/year, While no syatemﬁtlc ndv;ruo health
effects could be demonstrated in th; exposed group when comparcd
to controls, the investigators caution that any long-term chronic
_effecte are unknown at the present time., Additionally, it can
be cbncluded that exposure similar to those teported in this
special group will continue and there is the likelihood thaﬁ as
.sportsfishing becomes more popular, lgrger numbers of people

may -be exposed in a similar way.

Althopgh human exposure to PCBs from air and water is-
probably.minimal,.there'seems little qhestion that sucﬁ exposure
does océur. Samples of ambieni air collecﬁed in Florida, Missi~
ssippi and Colorado, show that PChs- were present at all locations.
Theihverage concentration at each of the three locations was
apptoximatély 100 nanograms per cubic meter of air. Studies of
surface water f;om the major drainage basins of the United States
report the widespread occurrence of PCBs in both surface water
and bottom sediments, Hean.reaidue levels of PCBs in the surface
water ranged from 0.01 to 0.05 mcg/liter, with a maximum residue

level of 20.0 mcg/liter.

. In wisconsin, ‘effluents from cooling water in aluminum foundries
contained PCBs ranging from 11.5 to 335 ppb. Efflueﬁts from paper
mills ranged from 0;01 to 25 ppb. Analysis of anow melt water from
Hincoﬁsin citieé showed PCB residue levels of 0.17 to 0.24 ppb,
suggesting that fallout of PCBa from the air may be an. importan:

source of PCBs entering the waters of the state.
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. (;: ' In Michigan, éesging of 900 samples of industrial effluents

ohowéd 22 percent had PCB tfsiduea greater ‘than 0.5 weg/liter, 8

? . percent greater than 1.0 ;cg/liter, 6 percent greater than 10 meg/

i e R L LI liter and 2 percent greater than 100 mcg/liter... With sludge dis-
posal tékiné pl#ce bylihcineration, landfill and crop or pasture
application, the continuation of PCBs 1in the envitonment-seems

obvious.

Adverse human health effects resulting from PCB exposure
have come primarily from studies of occuﬁatibnal exposure and from
human exposure through the ingestion of contaminated rice oil in

Japean,

_Schwartz (1936) pro;ided aome‘of th; earliest reports of
ad&erae health effects due to occupational exposure in the U.S.,
in which he described skin lesions and symptoms of systematic
poisoning among workers who were rePorted to have inhaled chlotof
diphenyls: There have been huheréus reports over the ensuing years
describing cutaneous eruptions and of systematic manifestations
ns.;ell, amohg marine electfiéiaﬂs, machinists,Acapacitot and
ftanaforne; manufacturing workers, and others occupationally
exposed to PCBs, The skiﬁ lesions ‘described by Schwartz in 1936

" have come éo be designated as "chloracne."” 7Part of the chloraéne
lesion resembles adolescent acne, but is generally more gevere

and the lesion distribution is inconsistent with adolescent acne.

’

Hara (1969) and Hasegawa et al., (1973) have reported dermato-

~

-lbgic ailments which include '"brown chromodermatosis" of the
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dorsal joints of the hnnds and purple-iike eruptions of the face
and neck. HRowever, Hasegawa et al., (1973) performed a health_
survey of workers in carbonl;ss copy paper factorieg, two years
after the use of PCB in such processes had ceased, and reported
no dermal effects nor liver function, urine or blood test abnor-

walities. 'PCB blood levels were reﬁortgd as 0.01 - 0.02 ppm.

Typical cliﬁical findings in the human exposure to PCB
which occurred in Japan in 1968, and whiéh resulted from the
ingestion of rice oil contaminated with KRanechlor 400 included
chloracne and 1qcreased4pigmentation‘of the skin, incre;aed eye
discharge; transient visual disturbances, feeling of weakness,
numbness in limbs and some disturbance in liver function. Adult

Yusho patients had protracted clinical disease with a slow regression

'6f symptoms and signs. In the dose-response epidemiologic study,

the average cumulative intake of PCBs leading to overt symptoms
was 2,000 ng,.with'the lowest doiq leading to overt symptums being

500 mg.

ﬁswever, Kuratsune et al.,~(1975) have introduced a new
factor into the Yusho incidence with the finding that the rice
0il contained chlorinated dibénzofurans-(Cl-DBF) at 5 ppm. Nagayama
et-al., (1975) reports that the toxicity of (C1-DBF) is said to be
}ron 206 to 500 tiﬁes that of PCB. . Whether or not the (Cl1-DBF) con-
tdminant 1; the crucial toxic substance }roducing the symptoms

observed in the Yusho incident, or whether the exposuie to the

high levels of Kanechlor 400 produced the observed effects, or
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vhether there was an inter-active process taking place is unknown.

The data neéessary for determinlpg reasonably accurate time
and dose exposure to PBB in individuals in Michigan is either

unavailable or non-existent. Attempts to secure accurate dietary

intake with the PBB levels in food and the duration of consump=

éibﬁ have bgen unsuccessful. .- It is hoped that data to be received
from the Michigan Department of Public Health may provide some

basis for crude estimates.

While there appears to ﬁe no evidence at the mowent to indi-

cate acute health effects from exposuteito PBB, any chronic effects

‘remain largely unknown. A large scale epidemiological study is

expected to get underway shortly to identify all the farm family
members from quarantined farms; a large group of study subjects
secondarily éxposed to PBB through the purchase of farm products

on a regular basis from quarantined farmg and a control group of

" individuals not exposed to PBB contamination. This study will

continue efforts to identify any acute or chronic effec;s of PBB
exposure through physical exaﬁination, biochemistry tests, and
dietnéy histories. Efforts will continue to assess the original
Firemaster BP-G for the presence, if any, of ;hemical contaminants
uhi;h might present human health hazards. In the meantime, a ten-
fold safety factor for PBBs when compared to PCBs appears both

reasonable and acceptable based on all currently available

scientific data.
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Much work remainé to be done concerning the'toxicity of PCBs
and PBBs and the association of éhese compounds with any demon-
strable adverse human health effects. To accomplish some of these

needs a list of recommendations follows.
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GENERAL RECOMMENDATIONS

More complete and additional metabolism studies with various

individual PCBs and PBBs should be undertaken. Attention to the

" formation of possible toxic metabolites of these compounds should

‘_be considered, as well as detecting and quantifying any specific

biochemical parameters which may be affected as a result of such
exposures, Based on the above, lifetime feeding studies should
be conducted with selected commercial PCBs and PBBs mixtures,

as well as selected individual PCBs and PBBs.

Why some species seem to be more susceptible to the toxie
effects of PCBg, and which are most closely related to man in
their response should bg determined. In addition, more experi-
mentil d{ta i8 needed for the occupational PCBs aettings;‘i{e..
via the respiratory or dermal route, Additional toxicological
evaluations should be made of fish and other foods which contain
high levels of envirdumeptaliy accumulated PCBs and other con-
taminQnts. "Appropriate toxicological studies should be undertaken
with PBBs in order to.be able to make some ﬁredictions on possible

human effects.

_The quantitatjve evaluation of halogenated biphenyl exposure
to man vith.reapect to blood and body fat levels, and any possible
health effects, needs further ;tudy. With respect to PCBs, this
‘may be .accomplished by.identifying a pqpulaiion’of individuals

consuming large amqunéa of fiéh contaminated with high levels of
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PCBs. In addition, those exposed industrially should be included
in these efforts. With respect to PRBs, appropriate studies should
be ifnitiated with Michigan farm families exposed through consump-

éion of contaminated meat and dairy products,

individual chemical components of PCB tesid;es should be
qualitatively identified and,procedures.for improving quantitation
of these residues should be invéstigated. Commercial PCB (and PBB)
nigtdres need to be an#lyzed further to determine which chloriﬁated
dibengofurans (or, in the case of PBBs, whether any brominated
dibenzofutdns) are present as cohtaminqﬂts., Specific ch}oriﬁated
dibenzofptan compounds must be synthesized for use in development
of in#lytical procedures and to aid in identification of contami-
nants. Analytical procedures are n;eded to permit examination of
foods for presence of chiotin‘ted dibenzofurans. Toxicological
studies should bYe carried out om chlorinated dibenzofurans and

brominated dibenzofurans.
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DETAILED RECOMMENDATIONS

CHEMISTRY

Investigate procedures (such as Webb and McCall's, J.

" Chromatog. Sci. ;;.i366-373 (1973)) fotApbsaible improvement

. of the quantitation step in the analyais of PCB residues.

Present procedures for analysis of PCBs yield a "PCB
residue" that is commonly examined using electron capture GC.
Individual conponénta of this teﬁidue should be 1den;1fied and -
it sﬁould be determined ﬁhether ahy of the electron c;pture GC

peaks can be attributed to Cl-DBFs or Cl-naphthalenes.

Analyze commercial PCB mixture (e.g. Aroclors) to determine
which C1-DBFs are present as contaminants. Qualitative and where

possible, quantitative studies should be carried out.

Synthesiged, individual chlorobiphenyle should be exagined
for presence of chloiinated 31bquofurans before metabolism or
toxic?ty studies are carried out with the biphenyl.. (The
importance of thia'is.shown by the teported'fornation of 2,3,7,
-6-01‘ DBF as a side-product in the Ullmann coupling reaction used

'to lyntheoike the symmetrical 2.236;6'.S.S'-hexachlotobiphenyl.)

Syntheéize,»purify and characterize by physical and chemical
) 1
means a range of Cl1-DBFs to be used for analytical procedure
development as reference standards for confirmation purposes and

for suitable toxicological studies.
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Dcvelép a guitable procedure. for analysis of edible fish for
Cl-DBFs, emphasizing recovery and quantitation of 2,3,7,8-tetra-
chlorodibenzofuran. . h

Analyze a commercial mixture of brominated-biphenyls (Fire-

master BP-6) for brominated dibenzofuran content.

Analyze long-used heat exchange, transformer and capicitor

fluids for chlorinated dibenzofurans. SRR

Synthesize specific l4c or.tritium radiolabeled chlorinated
biphenyls that may be needed for toxicity and metabolism

studies.

Study the reported conversion of_cettain chlorinated biphenyls

' to C1-DBFs under sunlight or sunlight-sigulating conditions. If

feasible, extend_the work to additional Cl-biphenyls.

Simulating conditions applicable to heat exchange units and/or
transformers, determine whether Cl-DBF content of PCB mixtures

dncreases when the PCBs are heated and/or exposed to air.

Carry out laboratory studies: simulating environmental
conditions, to determine alteration products from C1-DBFs when

ir:adi&tad or heated.

METABOLISM AND BIOCHEMICAL TOXICITY

Long-term feeding studies approaching life-time should be
conducted with the less chlorinated PCB formulations. These
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studies should include at least two of the less chlorinated
PCB formulations and a series of carefully selected individual

PCBs.

FPurther and more complete metabolism studies should be done
with the more highly chlorinated PCBs, for cowparison with those

done with PCBs having five or less chlorine atoms.

The effect.of chlorine position on PCB metabolism and arene

oxide formation should be further elucidated.

The formation of specific chlorinated dibenzofurans as
possible PCB metabolites should be studied, their biochemical

toxicity in mammalian species determined and the magnitude of

their toxicity ascertained. These studies will also include those |

'opacific chlorinated dibenzofurans identified in new and used

PCBs.

1f possible, arene oxide metabolites of seversl PCBs should

be synthesized and their toxicology investigated.

Within an isomeric series of PCBs, (e.g., tetra or hexa),
metabolism of the more toxic members should be compared to those

which are less toxic.

Metabolism of individual PBBs, comparable to those for PCBs,
should be studied. These data should be related to knowm

toxicities.
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The toxicology of known PCB metabolites should be

studied.

Porphyrin excretion by the people and animals exposed in the

Michigan PBB incident should be checked.

.....

People who are suspected to have received high exposures of
PCBs or PBBs should be checked for any changes in enzyme ievels—-
e.g., protein-bound iodine, antipyrene metabolism, serum cholesterol,

etc.
The adsorption, distribution and excretion studies of
halogenated dibenzofurans and PBBs should be studied.

Further studies of possible PCB metabolism by fish.

.Studylthe degree of chlorination and length of exposure on
the estrogenic effects and reproductive organs with particular

emphasis on the lower chlorinated PCBs (e.g., 1016).

ANIMAL TOXICOLOGY

Inhalation studies with "heated” PCB mixtures simulating
occupational exposure and dermal toxicity studies should be

conducted.

Studies as to why some species seem to be nbre gusceptible
to the toxic effects of PCBs than otﬁers and of these species,
which are most closely related in their reiponse to humans should

‘be undertaken.
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Subacute and chronic toxicity studies should be conducted with
hexabromobiphenyl (Firemaster FF-1) in order to be able to make

some predictions on human PBB toxicity.

The toxicity of fish containing high levels of PCBs which
have been accumulated by environmental exposure should be evaluated.
It should be established whether and which toxic impurities are

present 1n'used PCBs, such as t;ansformer oll and capacitor fluid.

Long-term feeding studies, approaching life-time, should be
conducted with laboratory'animals'and selected commercial mixtures

of PCBs and PBBs as well as seleéted_individual PCBs and PBBs.

Further and more complete metabolism studies should be done
with {ndividual PCBs and PBBs. The formation of toxic wetabolites

of these compounds should be considered and carefully investigated.

Efforts to detect and quantitate specific biochemical mechanisms
which are affected or altered by exposure to PCBs or PBBs should be

continued.
HUMAN EXPOSURE
Polychlorinated biphenyls

" Recommend that a populaﬁion of fish eaters be identified who
are consuming subgtantial amounts of fresh water fish with high
levels of PCBs. This study population shoqld be followed prospec-

tively with adequate dietary histories, blood and body fat levels
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of PCBs, &8 health questionnaire, liver function tests and other

biochemical stﬁdies.

Recoumend a similar study be carried out in an industrial

population exposed to PCBs,

Systematic studies to idenfify sub-groups of the total
U.S. population who consume high levels of fish with more

accurate measures of PCB exposure,

Polybrominated biphenyls

Recommend that a Ia:ge scale epidemiological study be

_carried out to (1) identify all farm family nembeés from

"quarantined farms in Michigan, (2) identify those individuals

with secondary exposure to PBB contaﬁiﬁation through the
purchase of dairy productsfronquarantiﬁed farms on a regular
basis, and (3)'3 suitable cbnttol group of non—expo;ed farm
families. These groups should be followed to assess any short

and long term adverse health effeots related to PBB exposure.

Sgbgroupa of these farm families from quarantined faina
should be studied by:
1. Repeat PBB blood levels,
2. Matched blood-body fat PBB levels.
3. Prekncnt.fenale-infant studies.

4. A battery of biochemical studies.

9
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Ancillary Studies

Toxicology studies in non-human primates and rodents with
hexabrominated biphenyi and any brominated contaminants of hexa-

brominated biphenyls.

. Toxicology studie_s in several animal species (mice, rats, .
dogs, non-human pringtea) using heézabroninated biphenyl and
several PCBs to determine apecies.differences in response to the

effects of these cowpounds.:

Toxicology studies feeding hexabrominated biphenyls and
selected PCBs singly and in combination to determine if there

are different or additive effects when fed in combination.
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CHEMISTRY OF PCBs AND PBBs
I. Introduction

A recent bqok by Hutzinger et al. (1974) reviews the chemis-
try of chlorinated biphenyls through the end of 1973. This
wide-ranging review also includes diﬁcuasions of metabolism

and determination of cﬁlorinated biphenfle.

The present report ;eviews areas o£;¢hlorobipheny1 and
bromobiphenyl chemistry held to be pertinent to.the Subcommittee's
concetn for possible health effects of these types of cémpounds.
No attempt at complete coverage of these suﬁject areas 1is

claimed. Findings reported since 1973 are particularly stressed.

Non-metabolic alteration of the halogenated biphenyls is
considered in terms of agents most available to induce chemical
change in the environment. Expected differences betweep
chlorinated bibhenyla and brominated biphenyls in their environ-

mental chemistry are commented on.

o

It is possible that certain of the chlorinated biphenyl
compounds will be shown to have relatively greater potential

bazard for health. Therefore, occurrence and fate in the

" environment and metabolism and toxic effects in animals are

related to chemical structure of the biphenyls.

For the general public, food is presumed to be the major
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source of chlorinated bipheqyl compounds. The important concepts
related té analytical methodology for PCB (and PBB) residues,
particularly in foods, are teviewed.. Alternative wmeans of
quantitation of these residues and problems in the quantitation

techniques are discussed.

The pertinent aspects of chlorinated dibenzofurans, as known

contaminants in commercial éCBsaand as potentially significant

environmental contaminants, are reviewed.

In reviewing the chemistry related to health effects of the
PCBs and PBBs, it must be remembered that environmental contami-
nation by these two commercial hhemicﬁl aixtures 1§ vastly
different in magnitude. The former have been steadily released
into the environment, in many coﬁntries. presumably over decades,
and are now found to be a pervasive, Qorld-wide.contaminant. fhe
number of ;hlorinated biphenyls reaching the enviropment probably
numbeF nearly 100 d}ffereut_coﬁpouﬁds; The PBBs, encompassing
a ;mall number of chemical structures to begin with, are of
concern due to a single, fairly receﬁt contamination incident,

apparently limited to the State of Hichigan.

II. Chemistry of Chlorinated Biphenyls

A. Synthesis and analysis of Commercial Mixtures
Commercial preparation of mixtures of chlorinated biphenyls
by reaction of biphaﬁyl with chlorine has been described by

Hubbard (1966). A ‘more recent.discusaion of thil'-ubject,
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including the newer preparation designate& as Arocler 1016, 1s
now available (Mieure et al., 1976). Analysis of the chlorinated
biphenyl content of various Américan'commercial PCB mixtures
(Aroclor). has been reviewed by Hutzinger et al. (1974). An
estimated 40 to 60,&1fferept chlorinated biphenyl compounds are
present in ;ach of the higher chlorinated commercial mixture..
(There are 209 possible compounds obtaiﬂable by substituting
chlorine for hydrogen on from one to teg different positions on
the biphenyl ring system; see Appendix.) PCB commercial

mixtures produced 1# the U.S. and elsevhere have been shown to
contain classes of compounds other than the chlorinated ;1phenyla:
chlorinated napthalenes and chlorinated dibenzofu:hns (C1-DBFs),
for example (Vos et al., 197b; Roach and Pomerantz, 19?4.a,b;
Bowes. et al., 1975a). The possibility that naphthal;ne and
dibenzofuran contaminate the technical biphenyl feedstock used

in preparation of the commeréial PCB mixtures has noé been

excluded.

Availuble toxicity information indicates that, of the .
identikied types~o£ contaminants in commercial PCB ii;turea,
CI-DﬁPs pose the greatest potential hazard (See Section II.E
on Chlorinated Dibenzofurans).. As a result, the C1-DBFs have
become the focus of studies on contaminants in these mixtures.
No report has sppeared of an attempted complete content analysis

of the trace impurities in a commercial PCB mixture.
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B. Non-metabolic Alteration of Chlorinated Biphenyls

Chlorinited bipheniis, as is typical of aryl chlorides
generally, are quite stable to chemical alteration. Consideration
of possible non-net;bolic alteration routes for these compounds
in th; environment suggests air oxidation, aqueous hydrolynie.-‘
and photoalteration in suntight‘as potential reactions to be
investigated. (Thermal decompésition would be of concern in

connection with incineration conditions meant to déstroy waste '

" chlorinated bipheqyls). Study of these reactions under the

complex and variable sets of conditions existing in the environ-
ment is difficult. Chemical reactivity of chlorinated biphenyls
has therefore been studied almost entirely under the more con-

trolled conditions of the laboratory.

Oxidation.

. PCBs are fairly stable té oxidation under woderate codditidn;.
PCBs are .tagle under conditions vh;ch easily oxidize DDE, and can
be separated from DDE by oxidizing DDE‘to the more pélar dichloro-
benzophenone prior to column chromatograpﬁic.seéargtion (Trotter,

1975)." To effect the oxidation of DDE, the PCB-DDE solution is

"refluxed in 2.5% chromic acid-acetic acid on a steam bath.

Some of the iouer chlorinated biphenyls, however, are not
recovered after the oxidation. It is reported (Hhingatten, 1961)
that mono-, di-~, and trichlorobiphenyls are oxidized in 7.5%
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chromic acid-acetic acid to theit_tespgctive (chloro-) benzoic
acids. With vigorous oxidizing conditions in the environment,
some PCB oxidation, especially of the lower chlorinated biphenyls
may occur. It is difficult, however, to assess the total extent

of possible environmental oxidation of PCBs.

-

Hydrolysis and Alcoholysis ‘

"PCBs are fairly stable to hydrol&sis under moderate conditions.
When refluxed with 2% KOH in ethanol, PCBs are stable (Trotter,
1975; Young and Burke, 1§72). A halogen on a chlorobiphenyl
mélecule is not easily displaced in a nucleophilic substitution
reaction. Under vigorous conditions the 4 and thg 4,4' positions

of decachlorobiphenyl are found to be the most susceptible to

- chlorine displacement by hydroxide and methoxide ions. Deca-

chlorobiphenyl can be hydrolyzed to octachloro-4,4'-biphenylol

'when treated with aqueous alkali at high temperatures in an

autoclave (Smith, 1948; Societe d'Electro Chimie, 1962).
Heating 2,5-dichlor6bipheny1 with sodium methoxide produces
2-chloro-5-biphenylol (deCrauw, 1931). D;cachlorobiphenyl'when
treated with sodium methoxide in pyridine yields the 4-methoxy-
and 4,4'-dinethoxy-éhlorobiphenyl (Binns and Suschitzky, 1971).

It is probable that the non-metabolic hydrolysis or alcoholysis of PCBs

" in the environment is limited.

Photochemistr

Exact environmentai conditions for the photochemistry of
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snvironmental contaminants, including PCBs, are aomeiimes
difficult to simulate in the laboratory. Limited understanding
exists concerning the parallel of laboratory photoreactions and

reaction rates under non-environmental conditions and possible

-environmental photolyses. The exact environmental conditions

under which residues may photoreact can be diverse and difficult
to evaluate. Unknown 6: discounted factors in the.environment,
such as possible sensitors or quenchers, may be important. The
frequency (energy) and intensity of a laboratory photolysis light
nay ﬁpt be comparable with environpental conditions. 3000 A |
probably repreaent; the practical lower limit of fhe ultra-
violet (UV) portion of.suﬁlight (Crosby, 1969). The residue
uh;t be exposed to sufficieﬁt-iight to react appreciably. It

is necessary to consider the physical state of the residue
exposed to light in the environment. The residue may exist as

a solid or liquid (e.g., a film), a solution or a vapor. In
photolyzing solutions the solvent can have an iwportant effect.
Photoreactions which éroceed in one solvent may not proceed or
may proceed at a different rate in another solvent. A muddy
river containing a residue may yield different resultq compared
to a laboratory photolysis in hexane. Laboratory photolyses under
a v.giety of conditions which similate most, if not all, of the
environmental conditfons of photolysis coﬁld be extremely sign-
1f1c§nt and relevant. In the afsence of these, we must rely on
the questionable extrapolation of laboratory photolyses under

non-environmental conditions.
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The photochemistry of PCBs has been described by Hutzinger,
et al.,(1972; 1974). 1In contrast to oxidation and hydrolysis, PCBs
aré fairly easily phoforeacted under certain laboratory conditions.
PCB photochemiétry has been studied in §arioue solutions, as a
thin f1ilm, and as a vapor: In hydrpcarboﬁ solvents progressive
reductive dechlorination of the PCB 18 the predominant photochemi-
cal rgaction (Hutzinger et al., i974). Irradiation of solutions
of chlorobiphenyls (Hutzinger et al., 1972) and trapped gas
liquid chromatographic (CLC) effluents (Hannan, et al.,1973)
have sﬁown that PCBs with higher‘chlotine content dechlorinate
more readily. 0.1% hexane solutions of 2,2‘.%,5'-tetrachloro-

biphenyl and 2,2',4,4',5,5'-hexachlorobiphenyl were each irradiated

with 3100 A& light in a Rayonet reactor. (Hutzinger et.al., 1972).

After'24 hours of irradiation, 33% of the 2,2',5,5'-tetrachloro-
biphenyl was unreacted while ( 1% of the 2,2‘4,6',5,5‘-hexachloro~
biphenyl remained. 1In dechlorinating PCBs by photoexcitation,
ortho chlofinés preferentially cleave (Ruzo et al., 1974). With
PCBs containing only meta and para chlorines, meta chlo;inea are
lost preferentially. The rate of FechIOtination is faster in

alcohol solvents, such as methanol (Hustert and Ko:ie, 1972) than

in hydrocarbon solvents. Irradiation of 2,2',4,4',5,5"'-hexachloro-

‘biphenyl in methanol yields, in addition to reductive dechlorinationm,

ring methoxylation (Ruzo et al...197&). .Photochemical studies
of PCBs in aqueous solutions may offer a significant relevance to
environmental PCB photochemistry. A 0.4% Aroclor 1254 suspension

in vater?dioxane (7+3) in the presence of sodium bicarbonate with
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air.bubbling through the mixture was irradiated with 3100 x'light.
Two thin layer chronatogtaphic.fractions of the Aroclor 1254
after irradiation corresponding to the "addition of water to

chlorobiphenyls" and a “carboxy fraction" were found (Hutzinger

.et al., 1972). Presumably PCBe formed by.reductive dechlorination

‘'were also produced. Black light irradiation of Aroclor 1254 as a

thin layer film in the presence of water yields a "carboxy fractioﬁ“
and a ffaction vhose mass spect;um indicates hydroxychlorobiphenyls
(Hutzinger et al.; 1972). Sunlight irradiation of certain chloro-
biphenyls as a thin £ilm vithout.the presence of vatef'gives
reductive dechlorinated products (Hutzinger et ai., 1974).
Chlorinated terphenyls and quaterphenyls are also produced by.the
black light and sunlight irraaiation of certain chlorobiphenyls

as a thin film (Hutzingér et al., 1974). Vapor phase photolysis
of PCBs may be extremely relevant especially for the more Jolatile
components of Aroclors with low chlorine content. Sunlamp irrad- '
iation of the vapor phase of a refluxing suspension of 2 2',5,5'~
tetrachlorobiphenyl and ﬁatet yiélds "carboxy" products (Hutzinger

et al., 1972).

Ihgae';abofatory photofeactions repregent chemical conversions
wvhich may proceed in the env;ronment. The photoreaction rates
unde; diverse environmental conditions and the extent of PCB
degfadation or reaction in the environment are extremely difficult

to assess. *
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The reported low-yield conversion of certain chlorinated
biphenyls to C1-DBF is discussed under Chlqrinated Dibenzofuran,
Section II.E. - '

C. Chemical Structure Related to Occurrence, Fate and ﬁffects
of Chlorinated Biphenyls '

The physical §nd chemical pr?pertigs of chlorinated biphenyl
compounds and commercial mixtures of PCBs vary greatly depending
on the degree and positioﬁ of chlorine substitution on the biphenyl
ring system. Of particular 1mp6rtance to their environmental
occurrence and fate are the properties of volatility, w;ter
qolubility, bioaccumulation, biodegradability and photostability.

Volatility, water solubility and bioaccumulation are of more

. importance as mechanisms of introduction into and transport within

the environment. Biodegradation and phoﬁoaegtadation are more

important as mechanisms of removal.

There-are data (Mieure et al., l1975) w'hich indicate that 3
the higher chlorina;ed biphenyls are less volatile and less
water soluble than the lower chlorinated biphenyls. These two
fnc:o:a-éould tend to enhance the ratio of lower ta higher
chlorinated biphenyls in the environment. There are no clear

data to assess the involvement of chlorine position in volatility

and water solubility, but is likely to be of less importance.

Therefore, the lower chlorinated biphenyls are more likely to
volatilize into and be selectively transported in the aqueous

environment.,
NEV 022939
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__The relatfonzhips between structure and bioaccumulation
factors for PCB isomers are only beginning to be assessed
(McKinney, 1975; Sugiura et al, 1975) with the availability

of purified specific isomers for study. However, it appears

" (Zitko et al., 1972; Veith, 1975) that the peak patterns from

.gas chromatography found in environmental samples representing

the biosphere most clésely resemble the higher chlorinated com-
mercial mixture, Aroclor 1254, .This suggests a selective
accumulation of the mores highly chlorinated components of the
comm;rcinl mixtures in biological .material. This also indicates
that the higher cﬁlorlnated biphényls are able to find their
waf into the environment in.spite of theit.pooret volatility

and water solubility. Pharmacokinetic studies (Matthews, 1975)
with selected radiolabeled chlorinated biphenyl compounds have
confirmed the trend toward increasing biological half-life .
with increasing chlorine number. However, these findings may

be the result of both higher accumulation rates and lower elimi-
nation rates for the highéf chlorinated biphenyls. It may be of
interest to note that fish from lower and 1ntermedi§£e levéls
of the food web have been found (Zitko et al., 1972) to

contain lower awmounts of hexa and higher amodﬁts of tetra and
penta than higher trophic level white and gilky sharks and
aquatic birds This suggests that selectivity in bioaccumulation

is also a function of biospecies.

Again the effects .of varying chlorine position are less
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" hexachloro isomers studied were 3,4,5,3",4',5'-; 2,4,6,2',4',6"'-;

clearly understood, and the best assessment of this‘comes from
study of two or more members of an i;omeric geries of the
Fhloriuated biphenyls. Recent work with five symmetrical hexa-
chlorobiphenyl isomers in chicks (McKinney et al., iﬁ press;

Goldsiein et al., in press) and subsequently in mice (Biocca,

.1975) has demonstrated that separate and distinct differences

in i{somer toxicity are possible and thgt the differences are
related to chemical structure via effects of varying chlorine
substitution on compound lipophilicity and metabolism. The

;
2,3,4,2',3",4'-; 2,4,5,2',4',5'-; 2,3,6 2',3',6"- and 2,3,5 2',
3',5'-. _Those hexa-isomers with 4,4'-substitution appear to be
more rapidly accumulated and may be'more slowly metabolized, t.e.,
these isomers showed greater aécumulacion in adipose tissue and
increased activity in the liver and overall greater toxicity.
These differences are believed to be associated with differences
in molecular polarizability and to be measureable by spectro-

scopic and chromatographic techniques.

Other workers (Ax et al., 1976; Ax Qnd Hansen, 1975) have
compared the toxicity 6f two pentachlorobiﬁbenyls in laying chicks. -
The isomer with 4,4'-substitution (2,4,5,3',4') showed higher
average embfyonic mortality and teratogenicity in unhatched eggs
but lower decreased fertility in the éhick than 2,3,6,2',3' the
isomer not chlorinated in the 4-position. Although it is difficult

to assess the role pf metabolism here, the data would suggest a
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wore rapid accumulation of the 2,4,5,3'4'-isomer in the egg.
Other workers (Bush et al., 1974) have already observed a
correlation between PCB content of eggs and embryo mortality

and teratogenicity.

Various other workers (Ecobichon and Comeau, 1975;
Johns;one et al., 1974; Hill et al., 1974) studying a range
of chlbrin#ted biphenyls have generally observed the importance
of degree of chlorination as well as position of chlorine sub-
stitution (especially 4,4f—subst1£ution) in overall biological
effectiveness. Although some of-éhe compounds studied are
unréalistic as components of commerciil PCB mixtures, they have
served as models to demonstrate the importance of chlorine

number and position. Nevertheless, of 50 possible components

of Aroclor 1254 identifed by Sissons and Welti (1971) as many

as 19 (38i) could have 4,4'-substitution. It is of interest to
note here that one of the possible petaisteni isomers found in
Yusho patient tissue hae‘Bee# tentativel& 1dcﬁtified (Kuratsune,
1975) as the 2.3,4.5.3'.h'-heptachiorobiphenyl.' This jsomer has
bfen prepared (McKinney, personal communication) and its toxicty
will be determined especially in relation to the highly toxic

3,4,5,3',4',5'-hexa isomer previously tested.

It has been only recently that hydroxylated metabolites

" of PCBs have been isolated and identified (Jansson et al., 1975)

in environmental samples. The study of the metabolism of the

commercial nixtqgéq»(éeFreitae and Norstrom, 1974) tﬁemselvee has

NEV 022942
45

732997



- oy

f e e gl A gyt

D

received little attention for obvious reasons. Recently, the
metabolism of purified chlorinated biphenyls, some radiolabeled
fof quantitation purposes, haslbeen studied in a number of
biological systems. Although there afé a large number of
publications in the‘litericute on this squect, this report will
concern itself with those studies ;hich_seen to support general-
ities in terms of the effects of varying chlorine number and
poaiéion on metabolism with particular reference to mammalian
systems and to realistic components of Aroclors.

The distribution and excretion of a éeries of four radio-
labeled (1&C)chlorobiphenyls which have degrees of chlorination
gimilar to and sre themselves constituents of Aroclors 1221, 1242,

1254, and 1260 have been studied (Matthews, 1975) in the male

'rat. These studies have clearly shown an. increasing biological

half-1ife with increasing chlorine number for the series (4-;

4,4'-; 2,4,5,2',5'- and 2.4.5,2'.6',5'4) which is believed to

-be~telated'to'the rate of metabolism and the ease of formation

of the arene oxide intermediate. These compounds were also
dosed at realistic exposure levels (0.06 to 6.0 mg/kg) which
showed that little if any of the chlorobiphenyl is excreted in

unchanged form. Most other metabolic studies~(Hdtzinger et al.,

1974) with selected chlorobiphenyls have dealt with much higher

dose: levels (generally resulting in excretion of wuch unchanged
biphenyl) and unlabeled compounds which are of little quantitative

value in assessing the effects of chlorine degree and position.
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There has been no similar study with selected chlorinated

biphenyls within an isomeric series to assess the effects of

chlorine po;ition Bn metabolism with the possible exception of

an incomplete study (Hass et al., unpublished) on the identifi-

cation of metabolites ffon the excreta of chicks (and wmice) fed

symmetrical hexachlorobiphenyl isomers. It is essential that

this be done vith symmetrical isomers (in order to siaplify the

problem of interpretation) and preferably in two or more

1someric series (tetras and hexas).

The various metabolism studies have generally shown the
occﬁrrence of polar hydroxylated éompounds as major components
of the metabolite mixture. As the dggree of chlorination
increases, hydroxylation can be coﬁcurrent or concomitant with
déchlorinatiqp (Hutzinger‘ et al., 19765. There 1is 3136 evidence

for the formation of methyl ethers (Safe, 1975) and methylchloro-:

_biphenyls (Hass et al., unpublishedi aa'mecaboliges.

There is an increasing body of evidence (Safe et al., 1975)
to support the arene oxide 1n£ermed1ate in hydroxylation, especially
(Chen. et al., Division of Nutrition and Disposition, 1n'presa) in
cases where vicinal (1~2,-adjacent) unsﬁbétit;ted catbono are
found in the molecule. The corresponding dihydrodiol and/or

catechol generally occur alon;Awith the phenolic.-etaboliteo.

Althought it has not been studied in mammalian systems, there

is at.least one report (Baxter ;t al., 1975) that studies of
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individual chlorinated biphenyls do not accurately predict the
rates of metabolism of the same compound in simple mixtures.

Therefore, the overall problem of metabolic degradation of the

commercial mixtures may be complicated by the possibility that

-certain PCBa are potent enzyme inducers but poor substrates and

vice versa with various degrees in between. This is further
complicated by the fact that certain.chlorinated biphenyls

occur in optically active forms and only one enantiomer may be
biologically active and undergo enzyﬁe intéfactione. The
existence of nine of the major. and ten of the minor, consqituents
of Aroclors 1242, 1254, and 1260 in optically active forms has

been predicted (Kaiser, 1974).

D. Determination of PCB Residues

The determination of PCB residues has been reviewed in
detail by the WHO Task Group report on “Environmental Health

Criteria for Polychlorinated Biphenyls and Terphenyls" (WHO Task

Group, 1975) and in “Chemistry of PCBe" (Hutzinger - et al., 1974).

PCBs are lipophilic, quite similar in this respect to DDE,
the metabolite of DDT. Analysis for PCB residues follow
procedures the same 8s or similar to those used for multiple

residues of organochlorine pesticides (WHO Task Groﬁp. 1975;

" Hutzinger et al., 1974; Food and Drug Administration, 1968-1975,

Horwitz, 1975; Hearing CIerk.’Dept.bﬂEW. 1973). The individual
steps that follow sampling are extraction of residues from.the

sample, isolation of residues from coextractives (cleanup),
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separation of PCBs from interfering éhlorinated.hydrocarbon
pesticides, quantitation, and confirmation of identity. In
gengral analytical methodé capable of completely extracting
residues of organochlorine pesticides from sample substrates

and of quantitatively recovering the pesticides through
suboeqdent cleanup procedures are also capable of achieving
quantitative analysis for PCBs. The'lipophilicity of chloro-
biphenils vhich increases with 1ncreasing chlorine content may
influence their recovery througﬁ aomé ana{yti;al methods
(Stalling et al., 1972). ‘Fot example, recoveries thfough the
frequently used cleanup step, partitioning of PCB from a
petroleun ether or hexane solution of fat or oil to acetonitrile,
exceed 95 percent for Aroélor 1242 sut drﬁp to 75—80‘pércent for
Aroclor 1260 (Hearing Clerk, Dept. HEW, 1973). Overall ability
of typical analytical methodology to recover PCBs added 12.!322
to food samples is shown by two interlaboratory studies con-
ducted witﬁin the Food and Drug‘Adﬁinistration (FDA).and one
study conducted for the Association of Official Analytical
Chemists (AOAC) (Food and Drug Administration, 1971; Burke, 1972;
Food and Drug Administration, 1973; Sawyer, 1973). Using method-
ology described in the FDA festicide Analytical Manual and in the
Book of Official Hethods of the AOAC, average recoveries and co-
efficients of vafiation for determination of Aroclors added as
unknown; to different foods were: Ar;clor 1254-fish, 74 t+ 9 per-
cent; Aroclor 1254-infant chicken, 89 + 22 percent; Aroclor 1242-

chicken fat, 101 + 13 percent; Aroclor 1248-chicken fat, 96 + 9
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percent:Af&élor 1254-f1sh, 75 + 14 percent; Aroclor 1260-fish,
75 + 15 percent. The three studies involving fish required

separation of the PCBs from the DDT group before quqntitation.'

Gas chgomatography with electron capture deieccion 1a>the
most widely used procedure fqr determination of PCB residues. -
éas chromatographic columns with methyl silicone liquid phases
are.widely used under conditions that éypically separate the

Aroclors and PCB residues. into about 15 peaks (Fishbein, 1972).

" The 10 percent DC-200 (or OV-101) column.described in the FDA

Pesticide Analytical Manual separates Aroclor 1254 into 14 peaks
(Armour,_1972). These analytical polumns do not give a highly
defined representation of the Aroclor or PCB residue; several of

the peaks in Aroclors result from mixtures of more than ome

' chlorobiphenyl (Sissons and Welti, 1971; Stalling and Huckens,

1971; Webb and McCall, 1972; Webb and McCall, 1973). A column
prepared from purified Aplezon L has been shown to separate a
54'p§tcent chlorine PCB mixture into ovér 40 peaks (Jensen and
Sundstrba, 1974). Separatioﬁ'of the PCB residue into three
fractions by chromatography on charcoal prior to examination on
the Apiezon L cﬁlumn has made it possible to characterize and
quantitate nearly 60 technical PCB components. This method
provides a way to gét much needed, more detailed information on
the compositon of PCB residues and might be used in special studies.
The increased time and complexity of this approach would probably

iimit its application in regular monitoring analysis.
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The need to confirm residue 1dént1tyvand the procedures

available are similar for PCBs and pesticides. The multipeak

gas chromatographié pattern of a PCB residue may be very similar

to that of a commercial Aroclor or, as in most biological samples,

- the residue peak pactefn may bg changed to varyipg degrees from

that of a given Aroclor. The use of column chromatographic or
chemical reaction ptocedures ;o separate PCBs from organochlorine
pesticides increases the certainty of the gas chromatographic
1&ent1fication. Procedures readily available to the residue lab- .
oéatory for confirming the identity of PCBs include: halogen

gpecific gas chromatographic detectors'(ﬂearing Clerk, Dept.

" HEW, 1973), stability of the residue peak pattern after refluxing

the extract with alcoholic alkaline solution (Youﬁg and Burke, 1972),
perchlorination of the residue to the decachlorobiphenyl derivative
(Berg et al., 1971; Armour, 1973), and thin layer chromatography
(Fehringe; and Westfall, 1971; deVoé and Peet, 1971). Mass |
spectrbmetry is.not feadiiy a§a11ab1e to many laboratoriesvconducting
analyses for PCBs nor would the experse justify regular use in
monitoring programs. Boweve¥: the use of mass spectrometry is
encouraged for residues and samples which are unusual or signi-
ficant and for the occasional examination of.a so-called routine

sample.

Two especially critical considerations are associated with
the determination of PCB residues: (1) their separation from

potentially 1nterfeéing organochlorine pesticides, barticularly
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DDT, TDE,and DDE or the nulticompbnentfchlordane or toxaphene,

and (2) quantitative measurement of the multicomponent PCB residue
wﬁich. in bioiogicallorganisms, is usually changed in relative
amounts of chlorobiphenyl components ffom commercial Aroclors or
which may result from miiture of PFB froﬁ different sources.

To achieve reliable residue results it is essential that thev
analyst correctly make critical iudgements and interpretations

in dealing with mixed residues of PCBs and organochlorine
pesticides and 1nquancitAtion of the multicomponent PCB residue.

There is no substitute for analyst experience in this analysis.

PCBs are separated from certain pesticides in the usual
cleanup procedures, e.g., adsorption chromatography on Florisil
or alumina or by gel permeation chrom;tography (Food and Drug
Administration, 1968-1975; Stalling et al!, 1972; Holden aﬁd
Marsden, 1969). When DDT, TDE, DDE, chlordane, or toxaphene are
present, ancillary procedures desigﬁed'to éepatate these chemicals
from PCBs must be used. The DDT analogs, particularly DDE, are
the pesticide residues most frequently en;ouﬁtered in éampies
and DDE is the most difficult to separate from the PCBs. The
effective electron capture gas chromatographic response for DDE

is 20-30 times greater than for an equal weight of Aroclor 1254

' and the response for DDT is only slightly less than that for

DDE (Food and Drug Administration, 1968-1975). Without proper
treatment these pesticides can readily interfere in the deter~

mination of PCBs. Some'procedures'utilizing colum chromatography
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on alumina or Florisil separate DDT and TDE and intentionally
collect DDE and PCBs in the same fraction (Holden and Marsden,
1969; Reynolds, 1969), which is analyzed. In these cases the

analyst must exclude the DDE region of the gaé‘chromatogram from

the quantitative measurement of PCBs. Column chromatography on

‘charcoal also has been:proposed for separation of PCBs from DDE,
DDT, and other organochlorine pesticides (Berg et al., 1971).
Column chromatography on silicic acid is probably the most

widely used procedure for separating PCBs from DDT and analogs
(Food and Drug Admgniéttation, 1968-1975; Armour and ﬁhrke, 1976).
The technique is fairly lengthy and difficult to feproduce.
requiring empirical standardization in each laboratory (Sawyet;
1973; Masumoto, 1972; Edwarda; 1974). The separation 6f DDE

is probably not 100 peréent effective but under ideal conditions
practically all DDE can be separated; the usual inconsisten;y is
for a portion of the DDE to be eluted from the column with the
PCBs, requiring allowances to be made in PCB quantitation. The
lower chlorinated PCBs pfesent the greatest difficulty in separation
from éhe DDT group by column chromatographic ptoceduées. DDE can
ailo be separated from PCBs by oxidation to the dichlprobenzo- |
phenone, followed by a chromatographic aeparétion of this wore
polar derivative from PCBs. DDT and TDE nay be dehydrochlorinated
to their resﬁective olefins and similarly separated along with
DDE (Mulhern et al., 1971; Collins et ‘1‘? 1972; Trotter, 1974).
This technique has not'receivgd as much application as the chroma-

tographic procedures, probably because pesticides and lower
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chlorinated biphenyls are destroyed or changed, preventing
their determination. A variation on this approach used

sodium dichromate plus a minute amount of sulfuric acid,

rather than dehydrochlorination followed by oxidation with

chromium trioxide in acetic acid. The dichromate reagent

is reported to convert DDE quantitatively to the dichloro-

bensophenone without affecting -DDT, TDE, or any of the

chlorobiphenyls (Jensen and Sundstrsﬁ, 1974).

Quantitation of PCﬁ residues 1s done in most laboratories
by comparison of measurements made on tﬁe multicomponent
electron capture gas chromatograms of the residue and a known
quantity of reference material. The PCB residue in biological
samples, as mentioned earlier, is very likely to be changed in
the relati&e amounts of chlorobiphenyl components from any one
Aroclor or the }esidue may be a mixture of PCBs from different
sources (Food and Drug Administration, 1968-1975; Jensen and
Sundstr®m, 1974; Cook, 1971). .The response of the ;lectron cap-
ture detector varies with the number and location of chlorine
atoms ip the biphenyl molecule (Gregory, 1968; Zitko et al.,
1571). With the electron capture system described in the FDA
Pesticide Anaiytical Manual, the response/unit/ueight increases
lbéut 6 fold from Aroclor 1242 to Aroclor 1260 (Hearing Clerk,
Dept. HEW, 1973). The halogen specific microcoulomg;ric and

electrolytic conductivity detectors respond proportionally to the

.weight of chlorine present ané in theory could provide a more

accurate measurement of a PCB residue that is not exactly the
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same compogition as the reference (Hearing Clerk, Dept. HEW,

1973). However, lower sensitivity, difficulty in maintaining

' optimum pefformanée, and limited availability in residue labor-

atories has limited the use of thesé detectors. Unless the

PCB residue and reference Aroclors are exactly the same in

chlorobiphenyl composition, the gas chromatographic determination -
cannot be considered accurate; the greater the difference between
residue and reference composition, the greater the deviation

between determined and the true residue level (Hearing Clerk,

. Debt. HEW, 1973; Beezhoold and Stout, 1973). The most frequently

used approaches to quantitation have been selected for the

-reference the Aroclor with the most similar gas chromatographic

pattern to the residue and: (1) compared the respbnse of a single
peak in the residue with the response of the counterpart peak in .
the Aroclor reference; or (2) compared the total response for

several peaks from the residue to the total response for the

" counterpart peaks in the reference; or (3) compared the total

response for all peaks in the residue with the total response

for all peaks in the ref;renéé; or (4) in a greater effort to
duplicite the residue peak patéern. prepared a reference made up
of one or more Aroclors to simulate the gas cﬂromatographic
patiern of the residue, and compared the total response for all
peaks of the residue to the total response for all peaks in the
reference (Sawyer, 1973; Beezhold and Stout, 1973). Response

has been measured in Farns of both peak height and area (Sawyer,
1973). The latter approach which utilizes an Aroclor or a mixturé
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of Aroclors to duplicate the residue peak pattern is recommended
by the AOAC for quantitation of PCB residues in certain foods
(Horwitz, '1975). This 18 a currently accepted and practical

way to quantitate PCB residues. Pérchlorination of PCBs to

decachlorobiphenyl has been suggested as a means to improve

precision and consistency in PCB determination (Berg et al.,

1971; Armoqr._1973). This apbtoach will not improve the

;ccutacy of quantitation, however, because proportions of
individual chlorobiphenyls in the PCB residue remain ;nknown;

equal weights.ofindiyidual chlorobipﬂenyls of different chlorine
content result in differemnt weights of decachlorobiphenyl.
Contaminations found in antimony pentachloride, the perchlorination
reagent, also detract from this procedure for quaﬁtitation purposes
(Trotter and Young, 1975). An approach to quantitation which
appears to have practical merit as well as offetiﬁg improved

accuracy in quantitation has been advanqed by Webb and McCall

. (1973).. The PCB residue is quantitated peak by peak in comparison

to reference Aroclors which have been characterized as to the
number of chlorines and the fraction of total Aroclor weight
represented by each electron c;pture peak after separation on a
widely used (wethyl silicone liquid phase) gaé chromatographic
column. The availability oflcarefully characterized Aroclors and
evaluation in préctice are required to fully eva;uate the merits

of this procedure.
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Precision in the interlaboratory determin;tion of PCBy is
slightly less than with the common organoéhlorine pesticides.
In several interlaboratory studies involving biological
samples and paperboard containing either added Aroclors or
éctgal residues of PCB the coefficients of ;ariation ;re about
4 20 percent. The results of studies conducted by the AOAC and
the FDA involving samples containing added Aroclors have been
mentioned above (Food and Drug Administration, 1971; Burke, 1971;.
Food and Drug Administrationm, 1973; Sawyer, 1973); the recoveries
of added Aroclors ranged from 74 to 101 percent and co;fficienta

of Yatiation from 9 to 15 percent. The levels of Aroclors added

'1n':hese studies ranged from about 2 to 8 ppm with the exception of

0.2 ppm Aroclor 1254 added to ckicken infant food. With samples
containing actual residueé. 9 laboratories in the AOAC study
reported’9.2,ppm.t 8 percent for a residue in chicken fat and
4.5 ppm + 20 percent for a residue in Lake Michigan chubs. The

residue in the chubs was determined after sepatatioh of DDE, DDT,

and TDE by column chromatography on silicic acid. 1In a study by

8 laboratories in cooperétion with the International Council for

tho.Explotation of the Sea, PCB residues determined in a fish oil

_averaged 1.97 ppm + 47 percent. A much better coefficient of

variation, about + 11 percent, was obtained Vhen'the same figh oil
was fortified with an additional 10 ppm PCB (International Council
for Exploratoin of the Sea, 1974). In an AOAC study of the method
for PCB in paperboard 11 labotatpries analyzed a pgporboard sample

manufactured to contain Aroclor 1242 and reported 5.6 ppm +
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16 percent (Finsterwalder, 1974). The inter- or'intra-laboratory
precision of the determination of PCB in any sample type is
improved by use of the same analytical procedures, especially

in quantitdtion of the residue.

The lower limit of quantitation for PCB residues will vary
among laboratories depending uvpon the objectives of their analyses

and upon the particular details of ‘the analytical methods,

- ——

especially the sensit;vity of éas chromatographic detection

and the:sample size. The quantitatiqn limit achieved will be
higher than for orgaﬁochlorine pesticides because of lower
gffeétive detector respoﬁse‘to the technical PCB mixtures;

20-30 times more Aroclor 1254 or- 30-50 times more Aroclor 1242
than DD; is required for the major peaks to produce the same peak
height as DDE in electron capture gas chromatography (Food and
Drug Adminis;ration. 1968-1975). Other factors which may restrict

the attainment of low limits of quantitation and affect analytical

- reliability are interfering residues in the sample and laboratory

contamination. Fish from some locations contain reéiduéa of
organochlorine pesticides and poesibly other contaminants at
levels that would cause increasing difficulty as the PCB.residue
decreases below about one ppm. Contamination of laboratory
equipment, reagents, and samples with PCB frén containers,
previous samples, control rums, aﬁd unknown sources, must be
carefully guarded against in ahalyses where a Iow level of quanti-

tation is necessary, for example with human blood or certain
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environdental samples (Trotter, 1975; Jensen et.al.. 1972;

Giam and Wong, 1972). Perchlorin;tion of the PCB residue

to decachlorobiphenyl offers the possibility of about 25 fold

increase in sensitivity in the gas chromatographic determination

(Armour, " 1973). Howevér, contaminants present in antimony

pentachloride severely restrict or prohibit application of this

procedure to determiuation of low levels of PCBs (Trotter and
“Young, 1975). Analyt#cal wethods used by the FDA for PCB

residues also recover chlorinated nabchalenes (Armour and

Burke, i971). If prééent alone, chlorinated naphthalenes.would

be recognized by the analyst. However, fheir presence in admixture

Qith PCBs would probably go unrecognized unless amounts were

greater than PCBs or the residue was examined by mass spectrometry.

Chlorinated naphthalenes are oxidized by procedures used to

differentiate DDE in the presence of PCBs and could be removed

from interfering in the PCB determination (Holmes and Walden,

. 1972).

From examination of procedures used to analyzelfor chlorinated
dibenzofurans in co@mercial PCB‘formulations and from analytical
studies with chlorinated dibenzodioxins it can be inferred that
;ong chlorinated dibenzofurans may be recovered along with PCBs
through analytiéal wethods using Florisil and column chromato-
graphy iVos, et al., 1970; Roach ;nd Pomerantz, 1974; Bowes, et al.,
1975; Porter and Burke, 19]}). The chlorinated dibenzofurans have

ges chromatographic properties similar to the PCBs (Bowes, 1975).
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It 18 very doubtful, however, that a relatively émall amount
of chlorinated dibenzofuran in the presence of PCBs would

be recognized in the usual analysis for PCBs.

Little study has been made of residuc analytical methodology
for chlofobiphenylols (hydroxylated chlorinated biphenyls).
Procedures used for their detgrmination differ aubstanﬁia]ly from

"Ehyse used for PCBs (Bache and Lisk, 1973; Ziﬁko et al., 1974).
It 18 not likely that .chlorobiphenylols would be recovered

-- through §olumn chromatographic and separation procedures used

for PCBs.

In the discussion of PCB residues in foods given in the
report of the Human Exposure Gro;p a large share of the informa-
ti;n comes from the FDA's sﬁrveillance programs. The analytical
methddology used in the analyses is described in the FDA |
Pesticide Analytical Manual, Vol. I, and in Official Methods

. of Analysis of the AOAC. . Quantitation of PCB residues is by
gas chromatography with elec;rbn capture or halogen .specific
electroch;nical detectors. The total response (area or peak
heigﬁf) for ;he PCB residue is compared to the total response
for the Aroclor reference (or mixture of Arocloré) having the
Knost similar gas chromatographic pattern. Atbclof reference
materials are each from a single master lot. Results are reported
as ppm of the Aroclor(s) used for the quantitat}on reference.

With certain exceptions the -limit of quantitation for PCBs (based

on the electron capture detector response to Aroclor 1254) is
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about 0.2 ppm for 1ndiv1dua1 foods and about 0.05 ppm for Total
Diet composites. Fish froP certain fresh water locations are the
food most frequently and.consiatently found to contain PCB
residues. The residues in fish are most often similar in gas
chromacbgraphié peak p?ttern to Aroclor 1254 but usually with
higher concentrations of the lafe eluting (higher chlorination)

chlorobiphenyl components.

E. Chlorinated Dibenzofurans

(See Appendix for structural.inEOtmatién and definitions)

In considering. the potential hazard to humans of the
commercial chemical mixtures of chlorinated biphenyla called
PCBs, one must consider.whicﬁ if ;ny 1d;ntified tracé contaminant
1£ these complex mixtures might contribute significantly to the
overall haz;rd potential of the mixture. Although there is
evidence for chg presence of,chlor}nated napthalenes and possibly
chlorinafed terphenyls in Pcné. ﬁhe chlorinatgd dibenzofuran (Cl-
DBF) contaminants are regarded as a greater potential danger for
ﬁe;eral teaéons. In using'a.chick bioassay to anitor fraction--
;tibn of commercial PCB mixtures, it was found (Vos et al., 1970)
that the fraction most to*ic to chicks, and far more toxic than
the otherlfractions, contained ‘C1-DBFs and éhlorinated naphthalenes.
ﬁhat limited toxicological information there is qvnilable on these
halogenatced naphthalenes, terphenyl; and dibenzofurans suggests
that only the Cl1-DBFs may be more toxic than_ehl&rlnnted biphenyls

by orderq of magnitude (Bauer et al., 1961; Moore et al,, 1976).

NEV 022958 61

733013



—g~ -

-, o ro

——y

Fathdndidhate .~ PR L2 T

L . e———r—— —

(i

The extremely high toxicity of some of the chlorinated-
divenzo~p-dioxins (NIERS Conference 1973; Schwetz, et al.,

1973) a class of organic éh;micals very similar in cttucture'

to the Cl-DBFs, also suggests the latter are likely to be highly
toxic. Knowledge of the chemistry and toxicity of various
chlorinated dibenzo-p-dioxin structures and the relationship
between toxicity and structure, although recently developed, is
more complete than for Cl-DBFs. Therefore, findings in the
chlorodioxin field provide 1ndicatoré'eo assess the difficulties

likely to be encountered in the study of C1-DBFs.

Chlorinated dibenzofuran contaminanﬁs have been reported

and confirmed in PCB mixtures manufactured in Germany and

rrpnc; (Vos et al., 1970; Bowes, et al., 1975a) in'J;pan

(Roach and Pqnetantz. 1974a; Nagayama, et al. 1975) and in

the United States (Aroclors ) (Roach and Pomerantz, 1974b; Bowes,
et al., 1975a). An additional claim that a ¢l-DBF contaminated
an Aroclor was not sufficiently supported by the évidence pre-
sented (Curlgy et al., 1975). In the PCBs of U.S. manufacture,
the raﬁge of C1-DBFs found Qas from dichloro through hexachloro
(see references cited above) and sufficient evidence was obtained
to show that 2,3.7,8-tetrachloro and 2,3,4,7,8, . -pentachlorodibenzo~
.furan are present in Aroclors (iowes. et al.; 1975b). That the
C1-DBFs reported were actual cdntaminanta and not artifacts

resulting from the experimental procedures used, vas considered

in two instances (Roach and Pomerantz, 1974b; Nagayama et al., 1975).
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Proper quantitation of tﬁe individual C1-DBF contaminants
i3 very d{fficul;. 1t requires full astructural identification
of the Cl1-DBF contaminant, availability of the contaminant as
a highly purified re{erence standard for quantitation purposes
" and evaiuation of the ptocedﬁre used to concentrate and separate
the C1-DBFs, (e.g. from éhlo;obiphenyla) to determine the
capability ofvthe procedure to recover the specific C1-DBFs in
the PCB mixture. Reported attémpts to quantitate the C1-DBFs in )
PCB suggest contamination igvels in the low parts per million
range for totai‘chlofinated dibenzofurans (Bowes et al., 1975a;
Nagayama et al., 1975). Many of the‘reported values probably

can be taken as minimal in the absénce of recovery data.

Although the source of the C1-DBF contaminants in commercial
PCB mixtures has not been determined, several possibilities may
be considered. The simplest explanation would be the likely
presence'of dibenzofuran (parent campo;nd) in the technical grade
biphenyl subjected to the chlorination process. From a consideration
of the procedures used in the commercial synthesis of PCBs (Hubbard,
1964) various chlorinated biﬁhenyls, if substituted in the ortho
and ortho-prime positions with hydroxy groups and/or chlorine atows,
light ring close to form the furanoid ring by dehydration or

dehydrochlorination.

It is important to recall that Cl-DBFs have been reported as
contaminants also in other chemicals of commercinl'importance.

Samples of pentachlorophenol (Schwetz et al., 1974) as well as
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lower chlorinated phenols (Fireﬁtone et al., 19?2) and hexa-
chlorobenzene, (Villanueva et al:, ;9?4) have been found to
contain a range of C1-DBFs. The. pp.m.le,vell of E1-DBFs in certain
pentachlorophenols examined by Schwetz and co-wofkers (1974) was
coﬁsiderébly higher thén the highest level‘tﬂus-far reported in
commercial PCB mixturea;.:he chlorine level in the reportéd

dibenzofuran contaminants of pentachlorophenol ranged from hexa

to octa.

It .is now kndwn'that."PCB tesidges" obtained from environ-
mental samples usually do not simply represent an easily
1den£1fied original commércial PCB mixture. For example, there
is e#idence from the study of électron capture gas chromatograms
that certain chlorinated biphenyl compounds are preferentially
lost or concentrated in passing through environmental media.
This has led to recent studies of the toxicity, metabolism and

physiological effects of specific, individual ch;orinated biphenyl

" compounds, synthesized by routes intended to yield a single com-

éound of known structure.. In addition to permitting the development
of structure-activity correlatioms, these studies presumably were
intended to avoid complications in interpreting results from the
'testing.of the commercial chlorinated biphenyl mixtures (Vos and
Notenboom—Ram..1972), now known to contain toxic Ql-DBPs as
contaminants. Interpretation of results from the testing of
individual chlorinated biphenyl compounds, howéver..nay not be

entirely straight forward. In the Ullmann coupling reaction of
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2,4,5-trichloroiodobenzene, it has been teported that the highly
toxic 2,3,7,B8-tetrachlorodibenzofuran is formed in 3% yield in
addition to the expected 2;2'4.4'.5.5'-hexachlorobiphenyl |
product (Moron, et al., 1973). This hexachlorobiphenyl is a
significant constituent of PCB mixtures (Sissons and Elti, 1971;
Tas and Kleipool, 1972; Jensen and Sundstrom, 1974) and has been
singled out for biological studies by several workers (Vos and
Notenboom-Ram, 1972; Johnstone et al., 1974; Hansell and
Ecobichon, 1974). Careful purification and, if necessary,
chemical analysis of . syunmttical chlorobiphenyls prepared by the
Ullmann coupling reaction (for dibenzofuran content) is sug-

gested as a prerequisite to biological testing of the biphenyl.

There are two other aspects of the chemical teiationship
betwen chlor}nated biphenyls and C1-DBFe that need to be mentioneo.
Both deal with possible environmental alteration. Evidence has
been obtained for photochemical conversion of certain chlorinated
biphenyls to Cl~DBFs in very low yields (Crosby and Moilanen, 1973).
Although the scope of this atody was lioited. formation of C1-DBF
was shown to occur under conditions of sunlight irradiation and
in the laboratory using sunlight-simulating conditions. Two

different ortho-chlorinated biphenyls (the 2,5-dichloro and

.2.2',5.5'—tetrachloro) were claimed to produce approximately O0.2%

steady-state yields of a monochloro DBF. The limited reports
regarding the photochemical decomposition of C1-DBFs (Crosby

and Hoilanen, 1973; Hutzinger et al., 1973) 1nd1cate relatively

022962
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rapid destruction of the compounds may take place in the
environment. Since reduct%ve dechlorination is a majpr route

of photochemical alberatign of C1-DBFs, the possibility of
dechlorination of highly chlorinated DBFs to more toxic DBFs

of lower chlorine content must be considered. The extent to
which specific chlorinated biphényls, found as major cOnsﬁituents’
of commercial PCB ﬁixtufes, can be photochemically converted to

CI-DBfe can only be determined by fur;her experimental studies.

Analysis of the Yusho oil (the rice o1l contaminated by
PCB-containing - heat'exchange fluid implicated in th; Japanese
“Yusho" poisoning incident) by Nagayama et al., (1975) for
C1-DBF content, led to a Qalue of 5 ppm C1-DBFs. ‘Thiq value

is about 300 times the Cl1-DBF level expected in the Yusho oil

" 4f ome simply assumes contamination of the oil by Cl-DBFs to be

proportional to the C1-DBF level found in unused Kanechlor 400
(the Japanese PCB mixture claimed to have been used as the heat
exchange fluid) and to the level of PCB in the Yusho oil. This
léd_Kurataune et al., (1975) to suggest that Cl-DBF IeQela
increased in the heat exchange £luid through use. ' Going a step

further, these questions may be raised:- Is Cl-DBF concentration

increased, generally, in PCB-containing heat exchange fluids

through use? Does such increase occur in PCB-containing trans-

former fluids or electrical capacitors through use?

A critical review is needed of.the published data upon which

Kuratsune's suggestion is based (Nagayama et al., 1975), particularly
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since the results from a recent analysis of a portion of Yusho
oi) (Trotter, 1976) raises questions about thé concentration of
chlorinated biphenyls in the Yusho oil. Further laboratory |
studies suggested by such a review and analyses of selected, used
PCB-containing industrial fluids might help to answer the above

questions.

anaidering the C1-DBFs as the toxicologically most signifi-
cant class of chemical impurities in the PCB mixtures, the questions
may be asked: what portion of the observed ‘effects from animal |
and human exposure to fCB mixtures:can be attributed :5 the Cl1-DBFs?
It 1s doubtful this question can be answered in any quantitatively
explicit way. There are analytical problems in identi{ying and
meapu:ing accurately the amounts of chlorinated diﬁeﬁzofurans in
various PCB mi;tures. Even though only a relative few of the
135 possible chlorinated dibenzofurans may be identified in PCB
mixtures, the toxicity of thesé compounds can be expected to vary
with both number and ring position of chl&rine atoms in the Cl~DBF
moquulef Toxicity data on dpqcif}c. high pﬁrity Cl-DBFs‘is very
limited because the compoundé themselves are not readily available.
In addition to these essentially chemical, difficulties, toxico-
logical judggments would be difficult.to make. To begin to evaluate
éhe toxicological’”bﬁrden" to be élac;d on C1-DBF contaminants in
commercial PCB mixtures, a praccical approach would be to use
analytical procedures that can recover and quantitate specific
Cl-DBF compou;ds known to be highly toxic. For examﬁie. 2,3,7,8-

tetrachlorodibenzofuran, already reported by Bowes (1975b) as
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present in PCBs, can serve as a méasuré of potential hazard until

further toxicity data for Cl-DBFs become available.

To date, there have been.no published, positive findings of
Cl1-DBFs in envifonmental'qamples or in foods. Analytical pro~-
cedures to Aetect C1-DBFs in such samples should be developed,
tested and applied to approp?iate saqples. 1f chlotinatéd
dibeﬁzo-p-dioxin residue analytical findings can be taken as
an indicator, procedures.suitab1e4£0t parts per trillion:
dgcection of Cl-DBFs will be required and quantitation will be

difficult.

No clear evidence for the presence of chlorinated dibenzo-p-
dioxins in commercial PCB mixtures has been reported; A recent
publication suggesting the presence of such con;aminanta in some
PCBe and in a synthesized chlorinated biphenyl (Ax ahdyﬂansen.
1975) almosc'certainly misinterpreted the significance of the

e#perimenfal finding reiated to the dioxins.

11I. Chemistry of Brominated Biphenyls

A. Comparison of Brominated Biphenyls with Chlorinated Biphenyls

Unlike PCBs, the chemistry and stability of PBBs have not
been well studied and documented in the literaturé. It 15 difficult
to assess the stability and the extent of possible chemical
conversion of PBBs in thé environment. PBBs can be coupai&d

chemically to the PCBs. Since boéh bromine and chlorine are
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halogens, PBB and PCB chemistry should be similar in some

respects. Bromine, however, is a better leaving group

in chemical reactions than chlorine. The described laboratory
experiments concerning PBB alkaline hydrolysis and photolysis

show that bromine is more labile than chlorine under comparable

- reaction parameters. PBBs may, therefore, be less stable in the

environment 1£A PBBs were under the same physic'al reaction para-
meters in the environment as PCBs. The physical state and other

physical reaction parameters of PBB and PCB residues in the

- environment can‘determine reactivity. Liquids and vapors often

react more readily than solids. Aroclors are liquids, though
some Aroclors are extremely viscous at room temperature. Some
PCBs, especially the lower chlorinated components,~are volatile.
FireMaster BP-6, however, is a solid and has an extremely low
vapor preasur;. The production, distribution, and usage of PBBs

has not been as wide spread as PCBs. PBBs;unlike PCBs, may not

be physically loqated'in a position for chemical reaction.

FireMaster BP-6 has been extensively used, for example, in thermo-
plastics, such as typewriter and business machine housings (Kerst,
1974); PireMaster BP-6 has little tendency to migrate from the
thefnoplastic into which it 18 incorporated. .The major portion
of the products into which FireMaster BP-6 is incorporated is
assumed to be buried eventually in refuse dumps. PCBs, on the
other hand, are often used in transformers and capacitors and

can be exposed to high temperatures which can accelerate possible

chemical reactions. PCB residues are found in many diverse locations
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throughout most of the world. Hény of these locations may
offer conducive aettinga for chemical and metabolic conversions.
PCB residues ln a b&dy of water may react photolytically,
whereas PBB residues buried in a refuée dump would not be in

a position to absorb light.

B. Non-metabolic Alteration of Brominated Biphenyls

~ Oxidation and Hydrolysis

The stability of PBBs to oxidation has not been studied and

documented in the literature. FireMaster BP-6 is unstable to

-alkaline hydrolysis. After tefluxiﬁg FireMaster BP-6 with 2%

KOH in ethanol, GLC chromatograms show erratic degradation of

‘ »hexébromobiphényl (DET,DO,DCT,DCH,1976), the major component of

FireMaster BP~-6. The possible raté of PBB hydrolysis in the

environment under milder conditions is. not known.

'?hObochemiotry

Recent analysis of FireMaster BP-6 by GCMS using an OV 101
column demonstrated 12 peaks whose mass specttum-cptresponds to

2 pentas, 4 hexas, & heptaé and 2 octas. However, about 50 °

percent of the material is 1‘hexa isomer with the next most

abundant cdnponent‘being the hepta isomer at about 20-25 percent.
Nuclear magnetic resonance and chemical studies have identified
the principal component of Firemaster BP-6 as 2,2'4,4'5,5'-hexa-

bromobiphenyl (Andersoﬁ et al., 1974; Sundstrom et al., 1976).
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The photolytic rates of reactiQity of FireMaster BP-6 and

2,2%4,4'5,5"-hexachlorobiphenyl in methanol solutions

irradiated with 3000 A light were compared (Ruzo and Zabik, 1975).

The rate of reaction of FireMaster BP-6 was determined presumably

"by the decrease in the GLC peak of hexabromobipenyl. Hexabromo-

biphenyl was found to be seven times as reactive as the corres-
peunding PCB. ‘Hexabromobiphen;l was found to undergo photolytic
reductive debrominat?on in methanol yielding penta- and tetra-
bromobiphenyls and also > 17 methoxylated product. Dimethoxy
tetrabfomobiphenyl wha identified as a product by mass spectrometry.
The highly efficient photoreactivity of.PBB may be due to: 1.
enhanced intersystem crossing to a triplet state due to vibronic
coupling with the bromines, 2. steric 1nterferencé due to the
bromines, and 3. the relatively low carbon-bromine bond energy.
The aromatic carbon-bromine bond energy is 71 kcai/mole vs the
aromatic carbon-chlorine bond energé of 86 kcal/mole (Kerst, 197;).
As with PCBs (Ruzo, et al., 1974), presumably ortho halogens pre-

ferentially cleave in PBBs upon photoexcitatiom.

The possible rates and extent of photolytic reactivity of
PBBs ia the environment are not known. The photochemistry of PBBs
hf; not been studied in the vapor or solid states. Since
FireMaster BP-6 has an extremely low vapor pressure, vapor
state photochemistry in the environment would bé extremely
limited. The extent of thin fi}m PBB photochemistry in the

environment may also be limited. PBB contamination and resulting

'
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photochemistry in river ﬁaters, except in thevvicinity of PBB
ptodﬁction facilities, may be limited. PBBs incorporated into
thermoplastics, which are prééumably buried eventually in a |
refuse dump, are not likely to absorb much light for photolytic

reaction.

C. Brominated Biphenyls: Determination of Residues

Pol}brominated biphenyl (PBB) residues are an@lyzed for in
foods by methods quite similar t6 thosé useq for organochlorine
pesticides and polychlorinated Biphenyls (PCBs) (Food and Drug
Administration, 1968-1975; Fehringer, 1975; Food and Drug
Administration, 1976). Recoveries of PBB added to samples in vivo

through these procedures 1s over 80 percent; A methpd-t6 improve

_ extraction efficiency of PBB residue from dry, high fat animal

feeds has been reported (Fehringer, 1975).

The major difference from ﬁéthods for organochlorine
pesticides is in the gas chromatographic deéermination which
is done at higher temperatures or on columns vith low liquid
phase loads because of the lov;r volatility of PBBs.- Methyl
gilicones or Silar-10C, the liquid phases most £t9quent1y used,

separate the technical PBB, FireMaster BP-6, into 3-9 peaks

- depending on the chromatogriphic conditions selected. PCBs and

organochlorine pesticides which wduld be recovered through
extraction and cleanup procedures together with PBBs have earlier

retention times. under these conditions-and are separated from the
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major PBB constituent, hexabroﬁobiphényl; The retention times of
hexabromobiphenyl and decachlorobiphenyl are not greatly different
on methyl silicone liquid phases but are widely separated on

Silar-10C. Elution of the Florisil column used for cleanup of

‘extracts with petroleum ether rather than a mixture of petroleum

ether and ethyl ether separates PBBs from most organochlorine
pesticides pribr to gas chromatography and improves cleanup for

the PBB determination.

PBB residues are detected and quéﬁtitated with the electron
capture gas chromatography detector. Quantitation is‘based on
comparison of the size of the hex;bromobiphenyl peak in the’
residue to the size of the hexabromobiphenyl peak in a known
weight of the reference natefial, firgMaster BP-6. PireHastei
BP-6 is a technical mixture containing 60-70 percent he#abromo~

biphenyls (Sundstrom and Rutzinger;-l976). The accuracy of

. residue quantitation is affected by any change in the composition

of the residue from that of the reference technical PBB mixture.
The identity of PBB residues can be confirmed by thin layer chroma-
tography, photochemical alteration, halogen-specific gas

chromatographic detection, and by different retention times on

S1lar-10C and methyl silicon gas chromatographic columns (Food

and Drug Administration, 1976; Fehringer, 1974; Fehringer, 1975;
Emey, 1975). Mass spectrometry has also been used to confirm

the identity of the PBB residue (Ayers, 1975).
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The limit of quantitation for PBB residues, 1n§1ud1ng capa-

.btlity for residue identity confirmation, is about 0.05 ppm in

fats and 0.01 ppm in non-fats (Food and Drug Administration, 1976).

Formalized interlaboratory studies have not been reported for

aﬁalytical methods for determination of PBB residues.

'D. Posaibility of Brominatéd Dibenzofurans in Commercial PBB Mixtures

“""Yhere has been no report, so far, of the finding of brominated
didbenzofuran (Br-DBF) compounds in commercial PBB mixtures.
Examination of FireMaster BP-6 for possible contamination by

Br-DBF is in progress in several laboratories.

NEV 022971

74

733026



- —— . .

METABOL1SM AND BIOCHEMICAL TOXICITY OF PCBs and PBBs

" I. Effects of PCBs on Biochemical Functions

One of the major biochemical effects of PCBs 1s the induction
of microsomal enzymes in the liyer. Risebrough et al., (1968)
auggesfed that PCBs have the capability to induce the activities
of miprosomal enzymes. Su§aequent1y. Street et al., (1969) demon-
strated the induction of liver enzyﬁea in rats by PCBs. Since

then, a great number of articles have been published on this subject.

The enzyme systems satudied ﬁave 1néluded mainly hydroxylases,
N- and O-demethylases and nitroreductases, and to a lesser extent
nonspecific carboxylesterase, bromosulphophthalein-gkutathione
conjugating enzyme, p-nitrophenol UDP~-glucuronyl transferase and

EPN-detoxification systems.

The induction of microsomal enzymes by commercial PCBs has
been demonstrated perorally in rabbits (Villeneuve et al., (1971),
rats (Litterst et al., 1972a! and primates Allen et al., 1974)
and via intraperitoneal 1njectio; (Bickers et al., 1972) and skin
application in rats (Bicke;s et al., 1975). Values reported for

the threshold of enzyme induction b§ PCBs vary between 0.5-25

' ppm. (Litterst §t al., 1972b; Villeﬁeuve et al., 1971; Turmer

et al., 1974).
NEV 022972

The time-course of microsomal eyzyme induction was studied

by Litterst et al., (1974) in rats. They found that eignificant

~ levels of enzyme induction occurred after 7 days of feeding PCBa
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in the diet. A single oral dose in rats resulted in maximum enzyme

activities at 24 hours. Bickéts ef al., (1974); 1975) have shown

_that maximum induction occurred within 2-6 days in rats after cuta-

neous exposure to Aroclor 1254 or microscope immersion oils con-

taining 30-45% chlorine.’

In order to study the éffgct of chlorine content of PCB's on
enzyme induction, different commercial PCBs were investigated.
iiézerst et al., (1972b) studied PCBs with chlorine contents from
42 to 602{ In rats the maximum activity of demethylase was observed
with the 54% chlorine fCB's; maximum éétivity for nitréreductase
was obtained with the 60% chlorine PCBs. | Chen et al., (1973)
reporteﬂ that 54% chlorinated PCBs. gave maximum response of
demethylase in rats. Similar results were reported by intraperi-
toneal 1nject19n of various PCBS 1in rats (Ecobichon et al., 1974).
Goldstein et al., (1975) and Iverson et al., (1975) studied the
effects of Aroclor 1016 and Aroclqr 1242 on enzyme induction in
rats. Both PCBs have app;oximately 42% chlorine, but the content
of the penta-, hexa-, and hepta-chlorine isomers ofbAtoclér 1016
is reduced to 10Z of that in Aroclor 1242. Their results showed |
that Aroclor 1262.vas a much more potent inducer than Arocloxr 1016
in female rats. In comparing Aréclor 1232, Aroclor 1248 and
Aroclor 1260. Schimoldt et 01;. (1974) found tﬁat Aroclor 1260

was the most potent enzyme inducer in rats.

The synthetic and isomerically pure PCBs have been investi-

gated for enzyme induction, Chen et al., 91973b) found that both
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2,3,4,5- and 3,5.3'.5'-tétrach10tob1phenyle induced enzyme systems
1nvma1e rats, but no significant differences were found between the
two isomers. Johnstone hé al., (1974); Ecobichon et al., (1975);
Ecobichon (1975) compared the effects of position of chlorine atoms
on the ring. They found that enhanced induction of mono-oxygenases
was observed for PCBs having chlorine atoms ;ubstitpted at the 4-
and 4'~ positions irrespective of chlorination at other positions.
Substitution at the 2-position was next in importance followed by
substitution at the 3?poeitiod. Théy'concluded that the position .

of chlorination was as 1mpor£ant as the degree of chlorination.

There are two types of enzyme induﬁcrs being reported in the
literature. One group tq'which phenobarbital belongs resulted in
1qcreased cytochrome P-450 content, as well as incréa;ed benzopyrene
hydroxylase gnd ethylmorphine demethylase activities in the liver.
The second group includes polycyclic hydrocarbons. This group
stimulates the fofmntion of cytochrome P-448 and an increase in.
hydroxylation but not demethylation. Alvares et al., (1973)
reported that rats treated with PCBs prodﬁced an increase in
cytochrome P-448, hydtoxylabe. aQ well as demethylase. There-
fore, it appears that PCBs display induction behavior fypical

of both groups.

Most of the enzyme induction studies were evaluated in vitro..
Several workers indeed have cbserved enzyme induction effects in
vivo by demonstrating shortened barbiturate sleeping times (Bickers

et al., 1972; Jc;hnstone et al., 1974; Villetieuve et al., 1972):
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Commercial PCBs are known to contain small amount; of dibenzofurans

(DBF). DBFs were found to be 170 times as potent as PCB$ in

) inducing enzymes.

Alvares & Kappas (1975) reported the induction of hydroxylase

and demethylase in placenta, as well as in the fetus, when preg-

" nant rats were treated witH'PCBs- Vainio (1974) reported that

Clophen A50 enhanced hydroxylase 5-fold in the lung and 8-fold in

the kidney microsomes, whereas the microsomes from duodenal mucosa

,exhibited:no enhancement. Benzopyrene hydroxylase activity in

skin was also increased by PCBs (Bickers et al., 1975).

Vos and Koéman (1970) found, that several tissues of PCB-treated
chickens were strongly fluorescent.under ultraviolet light. They
suggest that PCBs could indﬁce chemical porphyria in chickens.
Later, they demonstrated that mitochondrial ALA Synthetase activity

increased 20-fold and fecal porphyrin levels were significantly

increased in Japanese quail treated with PCBs (Vos, 1971; Vos

et al., (1972). They suggestéd that the porphyria caused py PCBs
is due to t‘e ianeaae of ALA synthetase, followed by overproduc-
tion of porphyrins. Similar results in rats were obtained by
Goldstein et al., (1974), and Bruckmer et al., (1974). Goldstein
et al., (1974) suggested that the induction of ALA éynthetase is
probably not the frimary cause of PCB-induced porphyri@ because
of the delayed onse? of porphyria as compared vitp ALA synthetase
induction. They suggest that.the A}A synthetase in the liver
may be related to’the,incre;se of cytochrome P-450 content. This
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idea was eupportéd by Grote et al., (1975). Aroclor 1242 was found
to be a more potent inducer of l;ver porphyria than Aroclor 1016
(Coldstein et al.,'1975I.- Both Aroclors have similar chlorine
content, bu; Aroclor 1242 contains 9% homologs with five or wore
chloriqes while Aroclor 1016 contains only 1% of such homologs.
Sinclair and Granick (1974) showed that cultured liver cells
respond rapidly to PCBs in accumulation of uroporphyrin. Simon

et al., (1974) suggested that porphyria may be due to the destruc-
tion of the phospholipid structure of cell membrane, resulting in
increased permeability of the substrate: ﬁirayama et al., (1974)
observed hypo-bilirubinaemia in &usho patients and suggested that
the induction of bilirubin UDP-glucuronyltransferase may be respon-
sible for the low plasma.bilirubih content. Howevery recently
Bastomsky et al., (1975) showed that the 1ower1né of serum Bilirudbin
concentration by PCBs is due to the reduced binding of bilirubin
to plasma protein rtherlthan to the enzyme induction. Wit (1972)
has shown that PBBs which are similar to PCBs are potent hepto-

porphyrinogenic chemicals.,

The chemical and structural similarity of DDT to PCBs 1led .

Jafferies et al., (1972) to study the effects of PCBs on thyroid

fuhctionn. They found an increase in thyroid weight in PCB-
treated black-backed gulls as éompafed to controls. Hurst et al.,
(1974) found no clear-cut effect of PCBs on thyroid gland size

in quails. Byrne et al., (1975) reported that PCBs 1increased
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thyroxine levels in the blood and also promoted peripﬁeral degrada-
tion of thyroxine in female minks. Bagtomsky (1974) found a & to
5~fold increase of Siliary exg}etion of thyroxine in fats treated
with PCBs. PCBs also elevated fodine uptake by the thyroid and
reduced serum PBI concentration. Recently Bastomsky and Wise,
(1975) showed similar results in r;ts due to eitﬁer intraperitoneal
injection or skin application of microscope immersion oil. Walker
(1975) found that inclusion of Aroclor 1254 in fish food resulted

in an increase in fish thyroid activity.

The effects of PCBs on ATPase and oxidative phosphorylation have
been examined by a number of investigators. Na*Kt-ATPase and Mg+

ATPase from several fish tissues were found to be inhibited by

~ PCBs. (Yap et al., 1971; Cutkomp et al., 1972; Desaiah et al.,

1972; Koch et al., (1972). Further study showed that in vitro
data were not in agreement with the in vivo data (Yap et al., (1973).
The inhibition of ATPase in fishes by PCBs -was also reported by

Kinter et al., (1972) and by Davis et al., (1972).

Sivalingan et al., (1973) investigated the effects of PCB on
the oxiddtive phosphorylation of rat liver mitochondria. They
showed that the mode of inhibition appears to be different with

PCBs of different chlorine content. PCBs with low chlorine

" content inhibited ehergy and electron transfer but PCBs with

high chlorine content not only inhibited energy and electron

transfer but also had an uncoupling effect. LaRocca et al.,
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(1975) showed that the administration of commercial PCBs, as well

as purified isomers to rats inhibited the total ATPase activity

in liver, kidney and brain tissues.

Pardini (1971) has demonstrated that a marked inhibition of respira-
tory enzyme systems occurred when heavy beef heart mitochondria

were exposed in vitro to numerous PCBs, Chesney and Allen (1974)

4.“qpowed that the addition of PCBs to rat liver mitochondris in

vitro caused an inhibition of oxidative phosphorylation and respira-
tion. Peeding rats with PCBs at the 1000 ppm level increased the
oxidative phosphorylation in liver mitochondria; however, no effect

was seen at the 100 ppm level.

Sharp et al., (1974) reported that the inhibition of beef brain
and rabbit kidney Na'Kt-ATPases can be reversed or prevented by

phoaphatidyl&eriue or phosphatidylinositol, but not by phosphati-

‘dychloline and phosphatidylethaﬁolamine. They suggested that

~ acidic phospholipids are requitéd to stabilize the enzyme and

;hereby overcome the effect of PCBB.

Risebrough et al., (1968) suggested that PCBs had the capacity

to enhance steroid-hydroxylating enzyme activity, thus affecting
ootrndigl metabolism. In addition, certain low chlorine containing
PCBs have eotrbgenic activity which is reflected by an increase
in glycogen content of the uterua.of immature rats (Bitman and

Cecil, 1970). Similar regults were obtained b§ Fumiko (1972) in

ratg (Bitman and Cecil, 1970). Similar results were obtained by
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Fumiko (1972) in rats and by Orberg, and Kihlstrom (197 )‘in mice.
Orberg et al., (1972) found that the estrus cycle o( the mouse
gncreaoed in length after s single 1nject19n of PCBs, Lincer and
Peakall, (1973) reported an increased rate of metabolism of estra-
diol}in vitro in the liver of American kestrels after the feeding
of PCBs. Similar results were also reported in white leghorn
cockerels and pullets (Nowicki and Norman 1972). Platonow and
Funnell (1971) demonstrated that feedi&g PCBs to cockerels

resulted in a decréase in. testicular and comb growth. Decreased

' urinary excretions of estrogen and dehydroepiandrosterone were

also observed in cockerels when PCBs were administered in high
doses (Platomow et al., 1972). Ecobichon and Mackenzie, (1974)

studied the uterotropic activity of.commercial and isomerically

~ pure PCBs in rats. They found significant changes with a number

of PCB mixtures but experiments with the isomerically pure PCBs

were inconclusive. Changes were observed with .2-chloro and 2,2-
chlotobiphenyls. Nelson (1974) reported that PCBs are effective
inhibitors of the binding of 3H-estradiol to the rat uterus cytosol
fraction in vitro. Recent data showed that PCB feeding caused
neither significant chromosomal damage nor arrest in the rate of

spermatogenesis in male rats (Dikshith et al.,’ (1975).

Flick et il.. (1965) noted enlarged adrenals and gmall spleens in
PCB~treated white leghorn cockerels. ' Wassermann and ﬁhsaermann
(1972) and Wessermann et al., (1973) reported that rats receiving
.200 ppm PCBs showed an increase in plasma corticostercne levels.
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These changes were concomitant with motphologichl changes in thé
gona fasciculata of the adrenal ;land which indicated increased
activity. Sanders, et al., (1974) have shown similar increases in

serum corticosterone in mice fed 60 to 1000 ppi.PCB..

It is known that DDT decreases the utilization of dietary
carotene and liver atorége of vitamin A in rats and cattle (Phillips,

1963; Phillips, and Hidiroglou, 1965). Villeneuve et al., 1971)

reported that Aroclor 1254 buﬁ not Aroclor 1221 reduced the liver
concentration of vitamin A in pregnant rabbits. Decreased liver

vitamin A concentrations were found in male and femgle rats and

~ also Japanese quail after PCB feeding (Cecil et al., 1973). How-

evef. the laying female quaii did not appear to be affected.

The effects of PCBs on vitamin E have been studied by Combs
et al., (1975). Their results indicated that dietary PCBs
increased the incidence of exudative diathesis in chicks and that

this increase can be overcome by increasing dietary vitamin E or

_ selenium, Tﬁe vitamin D médiated calcium metabolism was found to

be altered by the oral administration of PCBs to chickens (Wong

et al., 1974).

" II. The Comparative Biochemical Toxicity of Aroclor 1254

and Firemaster BP-6

PCBs have been reported to affect a large number of bio-

chemical systems. To the.extent that it has been reported, PBBs
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affect most of these same systems in a similar fashion. However,
quantitative and possibly qualitative.Hifferences do not appear to
exist in the response of some biological parameters. These include

thyroid hyperplasia (Norris et al., 1973) and microsomal enzyme

- 4nduction (Pgrber and Baker, 1970).

A 'preliminary study was conducted to compare the relative effect of
Aroclor 1254 (Aro) with Firemaster BP-6 (FPM) (Carthoff et al.,

1975). This was set up as a broad survey to give an estimate of

_ the relative biological activity of these chemicals in ifan& different

systems and pin point areas where further more definitive work

should be done.

Table 1 summarizes the time seqﬁenee of the various parameters

studied. Adult male rats were fed either 0, 5, 50, or 500 ppm

" Aroclor 1254 or Firemaster BP-6, mixed in the diet, for 2, 3, or

5 weeks.

Due to the large nunber'of,parameters examined and the time

resttaints placed on the study, the experimental design did not

.permit a totally'unamﬁiguous comparison between all of the effects

cauaedvby Aro and FM. Some apparent differences in biochemical
responses determined at sacrifice may have been pattly due to the
fact that, for the three-week study, rats were exposed to FM for
48 hourg longer than rats were exposed to Aro. Althoﬁgh it is
felt that under the experimental conditions, this effect should

be small, critical comparison of Aro.and FM toxicity should be
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considered tentative until similar experiments are conducted which
can eliminate this difference in'exposure time. The following
evaluations were made based on the assumption that this two day

difference had no effect.

Some parameters showed no consistent or dose related change
with either chemical at any level. These included relative kidney

weight and testes weight, hematology, SGPT, SGOT, plasma BUN,

von =

plasma corticosterone, the rate of liver protein synthesis per
g tissue, liver dry weight, lyophilizable kidney, liver, or testes,
the incidence of chromosome abnormalities and the number of cells

in mitosis from bone marrow of apermatogenial cells.

Growth and adipose tissue éeight were equally depressed by
Aro and FM vhen fed over a three week period at 500 ppm. The
growth effect appeared to be due primarily to decreased food

efficiency.

Three parameters vere more sensitive to Aro than to PM. These:
included the decreased liver protein and liver RNA per g .tissue

and the.decreased_plasma glucose.

‘ On the other hand, six parameters were more sensitive to FM.
These included liver growth, 1ncr;ased liver 1lipid (total lipid,
cholesterol, phospholipid, and negﬁral 1ipid), elevated plasma
cﬁolescerol. increased microsomal enzyme activities, impaired

‘mitochondrial function, and decreased liver RNA synthesis.
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Disruptions of the redox and energy states of the cell were produced
by dietary exposure to Aro or ﬁM. These effects were indicated by
studies withisélated ﬁitochondria and frozen clamped liver. 1In the
latter case the concentrations of adeniﬁe nucleotides, pyridine
nucleotides._and glycolyt£c~1ntetmedigtesvwere determined. On a
molar basis, hexabromobiphenyl was reportgd to be about five times
more potent than Arochlor lzsavin'causing some increased microsomal
enzyme activities (Farber and Baker, 1974). A three-fold difference

was observed between Firemaater BP-6 and Arochlor 1254 (Table 3).

A pathology team autopsied rats after both three and five
weeks exposure to Aro and FM (Kasza ‘et al.,, 1975). Pathological

analysis of the liver of rats fed Aro or FM for three weeks showed

‘no abnormalities on gross observation. No histopathological

lesions were seen in controls, Aro groups;‘or the 5 apa 50 ppm

FM groups, after three weeks. In the 500 ppm FM group, minimal
vqpuolatioy and focal hegatitis were each seéen in one rat. After
five weeks exposure, gross observation of the liver indicated an
increasing inciaence of enlargement, friability; and prominent
lobular pattern with increasing dose of both chemicals. Micro-
scopically the 5 ppb Aro group appeared normal while 2/7 rats fed
S ppm FPM had minimal cytoplasmic degeneration. All rats had

' this lesion at S0 and 500 ppm Aro or m, with increasing cellular
11ipid. This lesion was recent, centrilobular and coalescing wiﬁh
no change in fibrous tissue or glycogen. The histopathology was

qualitatively similar but slightly more severe in rats fed M
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than in those fed Aro and is consistent with bio;hemical findings.
The biochemical findings were all made after three weeks exposure
at which time histopathological changes were not evident. Even at
five weeks the histopathology was not severe.enough to alter most

of the clinfical chemistry in the rat.

In most parameters evaluated, FM either caused an effect at

_“9_lower dose level or caused an effect in a shorter time or caused

a greater effect at the same dose level, expressed as ppm in the
diet, a§ Aro. When expressed on a molar basis FM becomes even
more effective than fCB. Exceptions to this observaiion were
noteé at the 500 ppm dos; l;vel where differential effects of Aro

and FM were often eliminated.

A summary of the major effects seen are found in Tables 2, 3,
and 4. In all but one case the maximum response of a parameter

occurred at the highest dose level. Microsomal enzyme activities

- were, in general, greater at the 50 ppm level and the decline at

500 ppm relative to the 50 ppm level was more marked with FM.

I11. . Metabolism of PCB and PBB Mixture

Generally, the tissues from animals and nan containing PCB
from environmental exposure have GLC patterns resémbling those of
PCB mixtures wi#h more than 50X chlorination. This is in marked
contrast to the major manufactured products that generally contain
42% or less chlorine. Hyile one cannot rule out the possiblity

that differential uses favored introduction of more highly
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PARAMETERS EVALUATED IN STUDY

EXPOSURE TIME
(WEEKS)
™O THREE " FIVE
. PARAMETERS - |
'Body weight Cox Cox x
‘Liver 'weigﬁt’ - . x x x
Other tissue ‘wveight:s : x |
v"mtochondr:lal fespiration x
Liver composition ‘ ..x
Liver protein synthesis x
Liver RNA synthesis | x.
) "L;l.\'rer ,_Microsom‘al enzyme | x
~ activities »
. Liver intermediary ' x
metabolites
sgrﬁin ' ch_olési;érol } ‘ x
Serum enzymeé | x x
Phﬁm COrticoaterot;a | . X
"Plasma protein S v x
BUN : - x x
Gross pathology o x x
Histopsthology . = . x . x
Cytogenetic analysis o ’ | x
- ('" S . - ‘ NEV 02293‘5 .
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TABLE 2

RELATIVE BIOCHEMICAL RESPONSE TO Aro AND FM AFTER TWO WEEKS DIETARY EXPOSURE

LeLl Maximum Effect
PPR ‘ X Control
Aro ™ Aro ™
PARAMETERS
Liver weight 500 50 170 183
Body weight ,
. Mitochondrial 500 500 152 192
regspiration : .

lLEL = lowest effective ievel that showed a dose-response relationship. .

.-
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TABLE 3

RELATIVE BIOCHEMICAL RESPONSE TO Aro AND FM
AFTER THREE WEEKS DIETARY EXPOSURE

LEI;]- Maxinum Effect

PP Z Control
Aro ™ Aro M
PARAMETERS
Body weight 0 500 52 52
gain :
Liver weight S0 50 203 214
Body weight
Liver dry wt. NE3 50 ¥e3 107
Liver 1ipid 50 5 138 156
Liver .o .
cholesterol 500 - 50 226 232
Liver protein 500 NE - 84 NE
Liver RNA 5 50 79 84
Liver DNA 5. 5 . 58 60
Liver RNA

suythesis 500 - 5 8 86
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TABLE 3 (Cont'd)

LELL Maximum Effect
Ppm Z Control
Aro M Aro ™
PARAMETERS ‘
para-Nitrobenzoate
reductase activity 50 5 2882 5202
Plasma glucose 50 NE3 79 Ne3
Plasma cholesterol 500 5 178 256

llowest effective level that shows a dose response.
relationship.

2Maximm effect occurred at 50 ppm dose.
INE = No effect
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TABLE &4

RESPONSE OF RELATIVE LIVER WEIGHT TO Aro AND
FM AFTER FIVE WEEKS DIETARY EXPOSURE*

LEL Maximum Effect

Ppm Z Control
Aro M Aro ™

PARAMETER
Liver weight 500

body weight

50 171 216

. * Legend - see Table 3. :

......
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chlorinated materials in the environment, the observation has led
to the general belief that the less chlorinated components are more

readily metabolized.

The environmental observations have been confirmed in a large
number of experimental'feeding studies in a number of marmalian and
avian species. The absence or diminished concentration of the eaily

eluting peaks have been reported in rats (Grant et al., 1971la,

et al., 1973a), quaii (Bailey and Bunyan, 1972), and hens (Fries

et al., 1973b).

.The peaks not present in Fiasues and products generally are
the early eluting peaks that correspond to the PCBs with lower
degrees of chlorination. The observations are cénsiatent with the
belief that the rate of metabolic attack on PCBs decreases with
increasing chlorination. Studies of the single PCB homologs of
various degrees of chlorination have shown that thﬁse with five
or less chlorine atoms are more nuﬂily metabolized and excreted
than the PCBs with higher chlorination (Berlin et al., i§75;
Hutzinger et al., 1972; Melvas and Brandt, 1973). The position
»of chlorine substitution also affects the retention and elimina-
tion of single homologs (de Freitas and Norstrom, 1974). Metabolism
of individual PCBs will be discussed more thoroughly in another

section.

NEV 022990
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Anong the various food species there appeare to be one exception

to the general rule that the less ch;orinated‘PCBs are hydroxylated,
The PCB residues in fish cldsély resemble the PCB to which the fish
was exposed. There was little change in the relative concentrations
of the various homologs (Stalling and Mayer, 1972). Consistant

with this observation it has been found that mono-, di-, and tetra- .

chlorobiphenyls are not metabolized by trout (Hutzinger et al, 1972).

Among the food producing animals (cattle, chickens) concentra-

" tions of PCB residues in milk and eggs reach a 'steady state" after

approximately 8 to 12 weeks of ﬁontinuous intake (Fries et al.,
1973a; Fries et al., 1973b). The ratio of residue levels in food
products to levels in the animal's diet are greatest with PCBs of
54X chlorination. The residue levels in milk are apptbx;mately

4 tiﬁea the residue level in the cow's diet. In hens, residue
levels in eggs are approximately equal to the diet while residue
level in the body tissue (fat basis) is approximately 6 times

the dietary ievel. The ratio of residue level in product and
tissues to intake is lower with PCBs of greater than 54X chlorina-
tion. Since it is unlikely thét.thére is greater metabolism of
the most highly chlorinated PCBs, the results suggest that the

absorption for the GI tract is lower for the more highly chlorina-

‘tdd PCBs (Smith et al., 1976). PCBs of four or fewer chlorines

rarely occur in animal products when the animals are fed environmen-

tally realistic levels.
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Much less is known about the metabolism of PBB than PCBs. How-
ever, the observations that have been reported tend to be consistent

with the reports on PCB metabolism.

While the PBB of most immediate concern for human health
(BP-6, Michigan Chemicai Co.) is a multicomponent mixture ;1ke the
PCBs, ié is much simpler than the or#inary commercial PCB mixtures;
The major comfonenc is a single hexabromobiphenyl accounting for
over 602 of the total'material. The on1y other component occurring

in significant amounts i{s a single heptabtomobiphenyl..

In general, the wmeasures of ;etention in edible tissues and
excretion in edible produgts are similar for the hexabromobiphenyl
and the hexachlorobiphenyls (Pries et al., 1976; tries and Marrow,
1975)., Heptabromobiphenyl retention and excretion is only 1/10 of
that of the hexabtomobiphgnyl. In cattle that have been heavily
contaminated with BP-6, the heptabromobiphenyl was barely detec~
table (milk or tissues) 6 to 8 months after the timé 0l 1ngestioﬁ
even though the hexabromgbiphenyl level was ovér 1000 ppm (Fries
et al., 1975). Since the hepﬁabromoﬁiphenyl is not more likély
to be metabolized by the animal than the hexabtomébiphenyl, it
is reasonabie to assume that its absprption is lower or its

. elimination through bile is greater than the.hexabronobiphenyl
component. Ovef 60% of octabromobiphenyl is excreted in the
fe;es as the parent compound when it is fed to rats (Norris et al.,
1974). Thil-observptign supports the conclusion £h9t there is

less absorption with increasing halogenation..

NEV 022992
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IV. The Metabolism of Individual PCBs

Quantitative studies of the distribution of PCBs indicate that
most, if not all, PCBs which éontain 8ix or fewer chlorine atoms are
efficiently absorbed from.;he gut of higher animals (Albro and
Fiéhbein, 1972; Matthews and Anderson, 1975a; Van Miller et al.,
1975). Furthermore, only about one-tenth of the absorbed dose
18 excreted priorAto metabolism to more polar compounds (Matthews
and Anderson, 1975a; Van Miller et al., 1975; Balin et al., 1975).
A number of the less chlorinated PCBs (i.e., mono-, di-, tri-, and
t;ttachlorobiphenyls) are readily metabolized and excreted by
birds and mammals. There is little évidenc§ that fish can metabo- .

lize any PCB.

It has been adequately demonstrated that a number of mammalian
species and the pigeon can readily degrade and excreté monochloro-
biphenyls, primarily 4-chlorobiphenyl (ﬁatthews and Anderson,
1975a; Block ;nd Corpish; 1959; Hhtzinger et al., 1972;'Safe et al.,
1975a,b,c). However, the rate of metabolism drops sharply as
the number of chlorines per moleéule increases. For example,
the rate Qf metabolism and excretion of several PCB isomers has

been shown to decrease as thé number of chlorines increases in

the following order: &4~chlorobiphenyl 4,4'-dichlorobiphenyl

4,4"'-dichlorobiphenyl 2,5,2',5'-tetrachlorobiphenyl 2,4,5,
2',5'-pentachlorobiphenyl (Maﬁthewsband Anderson, 1975a; Van

Miller et al., 1975; Matthews and Anderson, 1975b). The rate
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of metabolism and excretion of 4,4'-dichlorobiphenyl is approxi-
mately one-half that of 4-chlorobiphenyl. In eéch'ca#e the PCBs
are metabolized primarily by hydroxylation and conjugation with
glucluronic acid (Matthews and Anderson, 1975a; Balin et al.,
1975). The 1mpottance of the route of excretion, i.e., urine or
feces, is determined primarily by the degree of chlorination.
Approxiﬁately 60, 30, and 7 percent of a single dose of a mono-,

a di-, and a pentachlorobiphenyl, respectively, were excreted in

_the urine of rats. The remainder of the dose was excreted in the

feces (Matthews and Anderson, 1975a).

Onée the number of chlorine atoms on the biphenyl molecule
reacheé four, the position of the chlorine atoms becomes a more
important factor in determining the rate of metaboliém and excre-
tion (Matthews and Anderson, 1975a; De Freitas and Norstrom,
1974). As was observed with the ﬁhlorinated benzenes (Jondorf
et al., 1955; Jondorf et al., 1958) those PCBs which have two

adjacent unsubstituted carbon atoms are metabolized and excreted

. more rapidly than PCBs having the same degree of éhlorination.

but which'do not have two adjacent unsubstituted carbon atoms-
(Matthews and Anderson, 15753). It is also likely that, as
with.the chlorina:ed.benzenes. the absence of two adjacent
unsubstituted c;rbon atoms has a greaterveffect as the degree
of chlorination increases. For example, the initial half-life

of 3,5,5',5'-tetrachlorobiphanyl is only about two-fold greater

NEV 02299,
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in the rat (Matthews and Tuey, 1976) than that of 2,5,2',5'-
tetrachlorobiphenyl in the same species (Van Miller et al., 1975).
On the other hand, the initial half-life of 2,4,5,2",4',5'-hexa-
chlorobiphenyl appears to be infinite, whereas the initial half-
11fe of 2,4,5,2',5'-pentachlorobiphenyl 1s only about two days
(Matthews and Anderson, 19754).I This particular hexachlorobiphenyl -
has been shown to be in the highést concentration of any PCB found

in the adipose tissue of the Swedish population (Jensen et al., 1974).

The importance of two adjacent unsubstituted carbon atoms to

tﬁe metabolism of PCBs may be derived from their effect ‘on the

formation of arene oxide intermediates during the metabolism of

these compounds by/the hepatic mixed-function oxidases. Evidence
for the formation of areme oxide intermediates in PCB metabolism
was first provided by Gardner et al., (dardner et al., 1973) in
their study of éhe metabolism of 2,5.2f,5'-tettachlorobipheny1

apd in s }ater study of'd-chlorobiphenyl metabolism by Safe et al.,
(1975¢) which was specifically designed to proyide evidence ofv

an arene oxide intermediate. Metabolism bf PCBs which do not have
two adjacent unsubstituted carbon atoms by hepatic mixed-function
oxidases, via direct.hydroxylation of the biphenyl molecule

and/or the formation of an arene oxide between a chlorinated and

~ an unsubstituted carbon atom could oceur, but each of these

mechanisms would be expected to be slower than arene oxide forma-
tion between two unsubstituted carbon atoms (Daly et al., 1972;

Jerina and Daly, 1974)." The latter mechanism would be expected
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to result in dechlorination and/or shifting of a chiorine atom
(Daly et al., 1972). The metabolism of selected hexachlorobiphenyls
has béen reported (Jensen and Sundstrom, 1974; Hutzinger et al.,
1974; Hass, unpublished), and in two incidente'(ﬂutzinger et al.,
1974; McKinney et al., pnpublished) dechlorination and/or chlorine
shifting was observed, but in all cases the rate of metabolism

was quite slow.

Thus, those PCBs which are more readily metabolized and
excreted may also more readily form arene oxides. Certain arene

oxides have been implicated as potential carcinogens (Daly et al.,

1972; Jerine and Daly, 1974) as have certain PCB formulations

(Ito et al., 1973; Kimbrough and Linder, 1973; Kimbrough et al.,
1975), but there is no published evidence which indicates that
the less chlorinated PCB formulations have been so rigorously

tested.
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ANIMAL TOXICOLOGY '

Introduction

A number of reviews ondifferent aspects of the toxicology
of the PCBs have been wriéﬁen‘recenyly and no effort has been
made in this report to give a complete outline of the animal
toxicology (Kimbtdugh. 1974; Peakall and Risebroﬁgh. 1975;

Nelson et al., 1972; Fishbein, 1974).

The material summarized in this report consists pre@ominantly
of more recently‘publiahed information on toxic effects of PCBs
1n'mammals and experimental studies in birds. Since Nelson
et al. (1972) discussed extensively the toxic effects produced
in fish by PCBs, the reader is referr?d to this and the other
reviews cited above for information on toxicity of PCBs in ti\is

species.

The eu;phaeie of the present review was placed on chronic
toxic effects wherever possible. Unfortunately, very little

information was available for halqgenated dibenzofurans and the

brominated biphenyl mixtures.

Acute Toxicity

Polychlorinated Biphenyls (PCB)

The acute oral LD, of the PCBs in rats, rabbits and mice
ranges from 1 to 10 g/kg body weight (Tables 5,6). There is some

indication that young animals may be more sensitive than adults,
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and females more sensitive than males (Table 5). According to

the classification used by the American Industrial Hygiene

Association (Hodge & Sterner, 1949), the acute toxicity of

the PCBs can be classed as slightly toxic (0.5 to 5 g/kg body

.weight) to practically non-toxic (5-15 g/kg body weight).

The symptoms associated. with administration of a toxic
dose of PCB (Aroclor 1242) in rats consist of diarrhea, diminished
exploratory behavior._decreqsed response to pain stimuli,
chromodacryarrhea, adipsia, oliguria, anorexia, erythema of
limba; followed by afaxia. coma and death. Death océurred up to
14 days following administration of the toxic dose. 24 hours
after administration of a single tox;c dose of Aroclor 1242, gross
pathology indicated all organs appéared normal except the liver
and kidneys. No inflammation was obsefved in the_abdominal and

intestinal mucosa. Histopathological findings showed large

~ discrete sudanophilic vacuoles in the hépatocytea. Widely scat-

tered foci of tubular epithelial cells were present in the kidneys
(Bruckner, et al., 1973). However, Kimbrough (1974) reborted
ulceration of the gastric and ‘duodenal mucosa in rats after single

oral doses of 3,000 mg/kg Aroclor 1254 or 1260.

Only one metabolite of PCB is known to have been tested for
the acute LDsg. The 5-OH metsbolite of 2,4,3'4'-tetrachloro-
biphenyl was known to be hore téxic than the parent compound
(0.43 g/kgBW/2.15 g/kgBW (Table 5). Dermal toxicity of PCB is

numn&rized in Table 7.
' NEV 022998
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'(_3 ' Polybrominated Biphenyls (PBBa)

Polybrominated biphenyls ghow a low or&er of acute toxicity
; to the rat (Table 8). In the éase of chicks, a 37% mortality
was reported when PBB was administered in the diet at a level

of 500 ppm.'for 15 dayé. | Seven 6ut of eight guinea pigs fed

SO ppm dietary PBB died (Vos and VanGerderen, 1973). Effects
noted included cortical atrophy of thélthymus. adrenal enlarge-~
ment, marked depletion of the follicles and periarteriolar

. lymphocytes sheath of the spleen.
Chlorinated Dibenzofurans
See subacute toxicity.

.( ' Chlorinated Napthalenes

See end of chapter.
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[}
i ] g/kg dody wt.
! Compound Tested - _ Species Route LDsgq : Reference
Aroclor 1254 _ Rat (Adult-Sherman Strain) oral 4-10 Linder, et al. (1974)
" 1260 : Rat (Adult-Sherman Strain) . oral 4-10 ) "
" 1254 , Rat (weanling " : ) oral 1.295 .
" 1260 Rat (wveanling ” ") oral 1.315 "
" 1254 , Rat(female **) Intxaveuous 0.358 . "
bt 1221 Rac(female o) oral 4.00 Panei on Hazardous Trace Substances (1972)
" 1262 . Rat(female " ") oral 11.3 - .
" 1240 Rac oral 4.25 Bruckner, et al. (1973)
" 12564 Rat (Wistar-30-day-old H—P) oral | 1.3 Grant & Phillips (1974)
" 12546 " Rat(Wistar-60-day-old M-F) oral 1.4 . " .
" 1254 Rat (Wistar-120-day~old M) aral 2.0 - "
" 1254 . Rat(Wistar-120-day-old F) oral 2.5 . ”
Kaneclor-400 K Rat(Wistar Strain - Male) _  oral ; 1.30 (ml/Kg) Ikeda, et al. (1970)
Kaneclar-400 ) Rat(Wistar Strain - Female) oral - .14 (ml/Kg) . ]
Kaneclor-400 ) ) . Mice(CFI Straia - Male) oral 1.875 (nlll(g) . T
Kaneclor-400 Mice(CFI Strain - Female) : oral 1.57 (ml/Kg
Kaaeclor-300 Rat(Wistar Strain - Male) oral 1.15
Xaneclor-300 " Rat(Wistar Strain - Female) oral 1.05 .
z BP-200 (biphenyls of Mice(dd-strain-female) oral 6.36 Kicamura (1972)
m dicloride and below -
< 2,4'-dichlorobiphenyl Mice(dd-strata-female) . oral 7.86 "
tricalorobipheayl Mice(dd-scrain-female) oral 3.06 ~ 4,25
S biphenyl of tedchloride Mice(dd-strain-female) oral 9.27 "
and below . ‘ '
g 2,4,3° ,4"~tectachlorobiphenyl Mice(CF1 strain) ' Intraperitoneal 2.15 Yanamoto & Yoshinura (1973)
©  5-0H derivative of 2,4,3'4"~  Mice(CFI strain) " 0.43 "
tetrachlorobiphenyl
2,3,4,3'4'-pentachlorobiphenyl Mice(CFI. strain) " 0.65 - o
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TABLE 6

e . e e cre ABRTIWL S

Oral LDgg (Rat) (Pamel on Hazardous Substances, 1972)

Compoﬁnd Tested

Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1260
Aroclor 1262
Aroclor 1268

(undiluted)
(undiluted)
(undiluted)
(undiluted)
(50% soln in corn oil)
(502 soln in corn oil)

(507 soln in corn oil)

g/Kg body wt.

3.98

4.47

8.65
11.0
10.0
1.3 - .
10.9

B Y
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TABLE 7.

Skin MLDgq Rabbits (Panel on Hazardous Substances, 1972)

Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor

Compound tested'

1221
1232
1242
1248
1260
1262
1268

(undiluted)

(undiluted)

{undiluted)

(undiluted)

(50%z soln in corn oil)
‘(502 soln in corn oil)
(33.3% soln in corm oil)

g/Kg body wt.
2.000 (3.169
71.26 2.0
> .79 €1.269
> .79 <1.269
.26 Q.0
21.26 3.16
92.5
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Compound

Firemaster BP6
Octabromobiphenyl
Octabromobiphenyl

Hexabromobiphenyl

Octabromobiphenyl

“A3N

€00€20

Bobwhite Quail
Rabbit

Rabbit

TABLE 8

LDgo Polybrominated Biphenyls

Route 1Dsg

Oral ) 21.5 g/Kg
Oral More than 2 g/Kg
Oral More than 12.5 g/Kg

Dermal - More tham 5 g/Kg

Dermal More than 10 g/Kg

i

" Reference
Hill Top Research, Inc. (1970) for

Michigan Chemical Company
Aftosmis, et al., 1972
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SUB~ACUTE AND REPRODUCTIVE EFFECTS OF PCB'S, PBR'S
AND CHLORINATED DIBENZOFURANS

A, Mammalian Sub-acute Effects of PCBs

In contrast to the acute toxicity (oral and dermél) of the
PCBg which is of'relatively low order when the substances are

-administered as a single dose, aspects of sub~acute toxicity of

~-both the PCBs and individual chlorinated biphenyls appear to be

of far greater concern, exhibiting species sensitivity and
cumulative toxic effects foliowing continuous exposure at low

levels.

‘When groups of mice were ﬁiven toxic rice bran oil
containing 1,600 ppm PCBs or 5000 ppm of PCB mixture with 482
chlorine, the toxicity response was similar in the two groups -

(Nishizumi 1970).

In a group of rats .fed 2000 ppm of Phenochlor DP-6, deaths
occurred between the 12th aﬁd 26th daye with enlarged livers,
;ttophy ;f the spleens and a progressively induced hepatic po;phyria
was noted (Vos and Koeman, 1970). Administration of 1000 ppm of
.Arochlor 1254 in the diet of rats resulted in deaths between the
28th day and 53rd day (100% mortality) of feeding (Tucker and
Crabtree 1970), 501 nog;ality at the same dosage in an 8-month

study was reported by Kimbrough et al. (1972).
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Two groups of 52 male Sherman strain weanling rats were
fed 100 ppm Aroclor 1242 (6.6-3.89 mg Aroclor/kg body weight)
and 100 ppm Aroclor 1016 (6.9-3.5 mg Aroclor/kg body weight)
respectively for 6 months and 54 rats were fed gtouné chow.
Groups of 4 rats were sacrificed at intervals.’ Hictoscoéic
examination of the liver showed evidence of lipid accumulation;
enlarged liver cells, inclusions in a pumber of livers and
hemorrhage and necrosis in one animal per experimental group
each. No difference in effect between the two compounds was

noted (Buraé ‘et al., 1974).

. Rats given 100 mg Aroclor 1242/kg body weight by stomach tube
every other day for 3 weeks showed histopathological changes only
in the liver and kidneys as foci of sudanophilic vacuolation but

no overt sign of toxicity (Bruckner. et al., 1973).

Rats (Sprague-Dawley) given 100 ppm of 2,5,2', 5'-tetrachloro-
biphenyl in the diet for 3 weeks sh&wed_less liver hybertrophy and
fewer biochemical changes than rats given a similar dose of Aroclor

1248 (Allen et sl., 1975).

Administration of 100 mg/kg body weight of Aroclors 1242, or
125; orally to rabbits once a week for 14 weeks gesulted in enlarged
livers with apparent destruction of the rough endoplasmic reticulum
and atrophy of the uteri, while Aroclar 1221 did not cause this

effect (Koller and Zinkl, 1973).

NEV  02300%

108

733060



e

. e g——.

¥ P NPT WD Wy - ey >

O

The. unusual sensitivity of mink to PCBs was'reporged by
Aulerich et al., (1973) who noted 100% mortality within 6 months
following administration of 30 ppm PCB (10 ppm each of Aroclor
1242, 1248 and 1254) to adult mink. Feeding of Aroclor 1254 at
levels of 5 and 10 ppm in the diet for 4 months led to a dose-
dependent retardation of weight gain of growing female mink.

Platonow and Karstad (1973) produced 1007 mortality in mink

~when they fed this species 3.6 ppm Aroclor 1254 in the diet for

105 days.

Rhesus monkeys are also very sensitive to PCBs (McNulty, 1975).

For eiample. adult female‘rhésus monkeys (Macaca Mulatta) have been

fed diets containing 2.5, 5.0 énd 25.0 ppm of Aroclor 1248 over
periods ;anging from 2 months for the higher PCB levels to 1 year
for the two lower doses (Allen et al., 1974; Barsotti and Allen,
1975). Animals on the 25 ppm dose developed facial edema, alopecia

and acne within 1 month, ahd 1 of 6 animals had expired as a result

"of PCB intoxication 2 months after removal from the diet. The

total intake of PCBs ranged from 250 to 400 mg/anim&l. As was the
case with the higher doses, these animale developed anemia, hypo-
proteinemia, bone marrow atrophy and severe hypertrophic hyperplastic
ﬁastritil. PCB concentrations in subcutanebug adipose tissue
averaged 127 ppﬁ at termination of experimental digt and 34 ppm

8 monthi later. Surviving animals continued to show clinical signs
and lesions of PCB intoxication 2 years following Pcp exposure
(Allen, 1975). .
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When adult rhesus monkeys were fed diets containing 2.5 aﬁd
5.0 ppm Aroclor 1248 for 1 year, the females of the group developed
periorbital ede;a, aloﬁecia, erythema and acne from lesions that
involved the face and neck within 1 to i months (Allen et al.;
1974; Allen, 1975). Altho;gh males'consumed more PCB, they
exhibited only moderate periorbital edema and erythema. An
abnormal dysplastic growth pattetn'of the gastric mucosa was
also notedlin male rhesu§ monkeys fed 300 ppm Aroclor 1248 for

3 montha (Allen and Norback, 1973).

Cygomegalous or squirrel monkeys fed different dietary
levels of Kanechlor 400 showed weight.loss. balpebtal edema,
enlargement of the liver and pneumonia. The lowest effective

‘total dose was 300 mg/kg bw given over 20-32 weeks (Nishizumi,

1970).

A rhesus'monkey fed 3 ppm Aroclor 1§&2 for 8 months died
cpéntaneousiy and on.autopsy was found to possess a gastiic
lesion manifested by extensive down growth of the epitheliuq
deep into the subserosa and into Epe muscular wall of the sto-

mach itself (McNulty, 1975).

One monkey fed 2,4,4'-trichlorobiphenyl and another fed
'2,4,5,4'5'~pentachlorobiphenyl at 10 ppm for 90 dbys were reported
clinically well and autopsies showed no positive findings (Oregon

State University, 1975: McNulty, 1975).
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Third-litter sows received feed coAtaining Aroclor 1242 at
a concentration of 20 ppm throughout gestation and nursing.
Treated sows differed significantly from control sows in the
ngmbér of live pigs farrowed. Treated sows also had more mummi-
fied fetuses. Perform;nce of live-born pigs was not affected by
feeding PCB to the sows during nursing. Pathologic changes in

the sows included hypertrophy of the liver and erosion of the

ww;lomaéh. Slight atrqphy of the spleen and thyroid gland were

observed in pigs from treated sows (Hansen et al., 1975).

Dermal toxicity stugieg in rabbits of cechniéal PCB samples
that:contain an average of 60; chlorine (Phenoclor DP6, Clophen
A60, and Aroclor 1260) as well as fractions containing tetra and
pentachlorodibenzofuran have beeu recently described by Vos and -
Beems (1971): PCB-induced skin lesions were hyperplasia and
hyferketatosis of the epidermal and follicular epichelium fol- |

lowing application of 118 mg of the three PCBs (5 times per week

' for 38 days) in the bdack skin of adult female New Zealand rabbits.

ﬁistopatﬁology of the livar included centrolobular degene}ation.
centrolobular liver cell atrophy, focal necrosis, and cytoplasmic
hyalin degeneration. PCB-induced kidney lesions were hydropic
degeneration of the convoluted tubules and tubular dilation with
the presence of casts. Definitivg hyperplasia ana hyperkeratosis
of the follicular epithelium of the ear skin were seen after the
topical application of fractions of Phenoclor ;nd Clophen, while
the fraction from A:gclor.caused'a minimal hyperplasia and'hyper-'
NEV 023008

111

73306‘3



e g

¢

keratosis of the follicular, epithelium. Other effects elicited
by the dermal application of the PCBs including thymus atrophy
and lymphopenia as well as‘elevafed excretion of fecal copro-

porphyria and protoporphyria.

From the response of the Sack skin and the liver of the
rabbit to the fhree PCB mixtures, and from the response of fhe
ear to the 252 diethyi ether-hexane fractions it was concluded
that there were definite quantitative diffefences in toxicity, at
least between the samples used in the above study and prior
studies. The extent to which these sanples are representacibg
of the normal commercial output has not been esﬁablished and
emphasizes the difficulty in the evaluation of toxicity data ,of
PCBs in which the samples may differ in the amount and nAture of

toxic impurities.

Vos & Notenboom-Ram (1972) compared the toxicity of Aroclor

" 1260 with a single isomer 2,4,5,2',4',5'-hexachlorobiphenyl in

New Zealand rabhits. Dermal applications of a total 120 mg
Aroclor 12&0 (5 times/week for 28 dayg) resulted in early‘macro-
scopic skin lesions. The lesions in a 2,4,5,2',4',5'~hexachloro-
biphenyl group of rabbits treated éimilarly‘appenred later and

were less severe.

When proups of 5 male mice were fod dietary levels of 10, 30,
100 and 300 ppm of the PCH isdmerﬁ 3.6.%.3'.4'.S'-hexachlorobiphcnyl.

2,4,5,2',4',5"'-hexachlorohiphenyl and 2.4,6,2",4",6'-hexachlorobiplienyl
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for 4 weeks it was noted that the 3,4,5,3',4',5', isomer of hexa-
chlorobiphenyl caused death in mice at & dietary intake of 10 ppm
(2.1 mg/kg iw) wiéhin 36-47 days of exposure while consumption of

the other two isomers only resulted in death at a dietary level

.of 300 ppm (64.3 mg/ké.bv). Body weight was reduced at the lowest

dose for the 3,4,5,3',4',5', isomer and only at the highest dose
for the other two isomers. Atrophy of the thymus anc hepatomegaly
was noted at the lowest dose in the mice receiving the

3,6.5.3',4',5'} isomer and only this isomer producec experimental -

- porphyria.

. B, Avian subacute toxic effect:;f PCBs,

Chickens fed 10 ppm Aroclor 1242, or 100 ppm~Aroclor 1254
showed diminished growth but a dietary level of 100 ppm Aroclor

1260 did not'produce this effect (Keplinger, et al., 1971).

Symptoms of PCB poisoning in birds consist of tremor, ataxia,
ruffling, loss of feathers. Edema of the subcutaneous tissues,
and fluid accumulation of the abdominai aﬁd thoraxic ca;ities are
charécteristic oigns at antopsy. These findingg are respounsible
for this disease being designated chick edema disease.

Several 6utbreaks of chick edema disease caused by PCBs have been

reported (Firesioue 1973, Kohanowa 1969a, 1969b).

Chicks (one day old white ieghorn cockerels) were fed the
following PCB isomers: 2,3,6,2',3',6'= hexachlorobiphenyl
2.6.6.2'.é’.G',hcxnchlorobiphenyl, 2,3,4,2'3" ,4'-hexachlorobiphenyl,
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2,3,6,2',3',6', hexachlorobiphenyl aﬁd 2,4,5,2',4',5' hexachloro-
biphenyl for 21 days at ; level of 400 ppm. The isomer
2,4,5,2',4',5' hexachlorobiphenyl was also fed at the dietary
level of 100 ppm. The 5.4,5.3',6'.5' isomer was the most toxic
causing death of all chicks within 11 days after onset of
exposure, These chicks had.chick edema disease, atrophy of the
thymus and loss of subcutaneouﬁ and visceral adipose tissue. The
other isomers alaoAcaused ﬁeight loss the 2,4,6,2',6'.6' {somer
being the least effective. Liver edlargeﬁent was noted for all
groups the 2,3,6,2',3',6' being the least efféctive and the
2,4,6,2',4',6' the most effective. The microscopic findiﬁgs made
in the liver were most pronounced in the group fed the 2,4,6,2',
4',6" isomer. (Since the chicks fed the 3,4,5,3',4',5' isomer
died relatively early in the experiment pathological findings in
the livers of these chicks are not comparable to those made for

the other isomers.)

When chicks were fed 57 rice oil wnichk had produced Yusio they
developed chick edema in 17 days. SHimilar symptoms were pruduced

when ciickn were fed 400 ppm Kanecio: 400 (Goto et al.. i969).

C. Mammalian Reproductive Effects of PCB

— e

Oral administration of 0.025 mg/day of Clophen A60 in peanut
0il to NMRI-mice for 10 weeks lengthened ;he estrus cycle from
6.6 + 2.5 days to 8.7 + 4.3 days (Orberg and Kihlstrom, 1973;

Kihlstrom et al., 1973). Femﬁles treated analogously for 62 days
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and mated with untreated males exhibited a significané decrease
in the implantation rate from §7.ﬁ2 in the controls to 79.5%.
Male castrated mice were given 0.25 gm PCB (Clophen A 60) in
peanut o0il/day by stomach tube for 28 days and 70 M8 testosterone
propionate daily on days 19-28. The dry weiéht of the seminal
vescicles after this treatment period was compared to cas(tated

male mice given testosterone but not PCB and was found to be

.significantly reduced.

Groups of 10 NMR I female mice were injected subcutaneously
with 50 mg/kgbodvaeight of Clophen A 60 in peanut oil or only
the voﬁicle on the day of parturition ana thereafter once weekly
for 3 weeks. The 209 offspring were bred when reaching sexual
maturity by mating them in pairs as follows: 17 pairs of contrels,
19 pairs where.the males had received Clophen A 60 as a suckling,
23 pairs where the female had received Clophen A 60 as sucklings

and 23 pairs were both sexes had received Clophen A 60 as

- sucklings. The controla'hpd.an average of 11.5 offspring per

litter while the parents qhere both mates received PCBs as
auckl?ngs had 8.8 offspring per litter. The resorption rate for
both groups was the same but the number of implantations were
reduced. Reproduction was not affected where only one mate

received the PCB (Kihlstrom et al.,1975).

Keplinger et al., (1972) reported low mating indices and
decreased survival of pups for rats receiving Aroclor 1242 at

100 ppm, and decreased survival of pups receiving Aroclor 1254
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at 100 ppm. No reproductive effects were found with Aroclor
1260 at 1, 10, or 100 ppm, or with Aroclor 1242 or 1254 at
1 or 10 ppm. These studies suggest that in mammals reproductive

effects decrease with increasing chlorination.

Sherman rats were exﬁosed to polychlorinated biphenyls,
Aroclor 1254 and Aroclor 1260. Rats exposed to Aroclor 1254-at
dietary levels of 20 ppu or more had fewer pups per litter than
the controls in the Flb and F2 generations (Linder et al., 1974).
The 100 ppm exposure levél.of A;oclor 1254 increased mortality in
the Flb offspring and markedly decreased mating performance of the
F1b adults. The 500 ppm dietary level of Aroclor 1260 reduced
litter size and decreased survival in the Fl litters. Dietary
1eve;a of 5 ppm Aroclor 1254 and 100 ppm Aroclor 1260 had no
effect on reproduction in rats exposed tﬁrough two generations.
Liver weights wéfe increasedvin 21-day-old Fl male w;anlings #t
the 1 ppm level of Aroclor 1254 and in either sex of Fl and F2
w;anlingn ;t S ppm or hi;her levels of both Aroclor 1254 and 1260.
Histological changes in the'live; and increased liver weights
were observed in adult rats exposed to the higher levels.

Pregnant rats given Aroclor 1254 at the rate of 106 mg/kg/déy on
days 7-15 of gestation produced grossly normal litters, but

only 30.1% of the pups survived to weaning. Rebroduction and
pup survival vere not affected at dosage rates of 50 mg

Aroclor 1254/kg bw/day or 100 mg Aroclor 1260/kg bw/day.
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Rabbits have been found to be more sensitive to PCBs than
rats in regard to fetotoxic and reproductive effects (Villeneuve
et al., 1971). In rabbits, no effects were reported at dosages

of 6.25 or 10 mg Aroclor 1254 /kg/day, but at dosages of 12.5 to

. 50 mg/kg/day, fetotoxic effects were noted. Abortions, maternal

death and stillborns occurred, but no consistent skeletal abnor-

malities were found.

Ringer et al., {1972) found that 1 ppm of Aroclor 1254 caused
a slight reduction in teproductive success in mink, but at 5 ppm |
Aroclor 1254 complete‘reproductive failgre was noted. In the same
study 12 mink were fed a diet containing 30Z Coho Salmon from
Lake Michigan. None of the mink whelped while 11 of 12 controls

whelped,

Female adult rhesus monkeys fed Aroclor 1248 at a level of

25 ppm for 2 months noted at beginning of the 5th month

" experienced either fetal resofption or abortion during their

second month of pregnancy (evidenced by regression in uterine size
and reestablishment of menstruation (Allen et al., 1974). A
third-animal carried her fetu; to term. This infant's weight was
considerably lower than the average rhesus iﬂfant (375g vs 544 +
10i3) and had 25 mg PCB/g/ (ppm) of adrenal and adipose tissue.
Adult female rhesus monkeys fed 2.5 and 5.0 ppm Atoclor 1248 were
bred to control males following-the establishment of a relatively
steady tissue level 9f PCB at 6 months. Following 3 matings, 12.57%

of the 5 ppm group and 37.5% of the 2.5 ppm group was pregnant
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compared to 90% in the control group (Allen, 1975). The
conception rate of females bred to PCB-fed males was equally

as great as that in females bred to control males.

D. Mammalian Sub-Acute ‘and ng;oductivé Effects of PBBa

Male Sprague Dawley rats mqint;ined on diets containing 0,
0.1, 0.01 or 1% 6ctobtomobipheny1 fof 30 days did not exhibitc
overt toxicity during th}a period. Gross pathological studies
revegled enlarged livers and sﬁne kidney chénges (petechial

hemorrhage, enlargement), while histopathological changéa in the

1% group included liver lesions comsisting of centrilobular

.citoplasmic onlargement and vaculation and kidney lesions con-

sisting of hyaline degenerative cytoplasmic changes (Aftosmis

et al., 1972). Thyroid hyperplasia was observed in all rats in

all test groups.

Rats were fed 100 and 1000 ppm océabtomobiphenyl in their
diets and Fhen a number were sacrificed aftep 2 and 4 weeks of
feeding and after 2,6 and 18 weeks of recovery on an octabromo~
biphenyi;free diet. The hepatoc&tes Qere markedly’ enlarged in
rats fed 100 ppm and 1000 ppm of the PBB after i weeks of treatment.
Histopathologic changes were characterized by hepatocellular hyper-
trophy with the pathologic changes localized mostly in the centralobular
gone (Aftosmis et al,, 1972b). The cytoplasmic inciusionl were more
pronounced in the livers of rats £gd 1000 ppm than 100 ppm of the

PBB. There was some evidence of recovery dince the livers of the

100 ppm level animals returned almost to normal 2 weeks after
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withdrawal of the compound.

Preliminary 28-day feeding stﬁdiea in rats with octa-
bromobiphenyl at 100 and 1000 ppm demonstrated liver enlaréem;nt.
hepatocellular alterations with cytoplasmic fnclusions and
accumulative effects of bromine in the fat; liver and nmuscle

(Aftosmis et al., 1972).

==  Norris et al., (1974) demonstrated hematological changes,

1iver enlargement and liver and kidney lesions at all levels of
octabromobiphenyl (10, 100? 1000 anQ‘IOO ppm) in the‘diei'of rats.
When three groups of primagravid rats fed diets containing 100,
1000 or 10,000 ppm of octabromobiphenyl (BB-8) from day 6 through
15 of pregnaﬁcy and the pups delivered on day 20, anasarca was
observed in one fetus at e#ch of the two highest levels and
gastroschisig was observed in another fetus at each of these lgvels.
No other gross effects were observed in either the mothers ot(the

pups and dose-related levels of bromine were fourid in the fetuses

(Aftosmis et al., 1972a).

When 1 g/kg of octobromobiphenyl was applied in corn oil
under occluded conditions to rabbits for 5 hrs/day for 10 days
over a 2-week period, liver enlargement was found while at

O.iglkg no enlargment was found (Aftosmis, et al., 1972b).

Hexabromobiphenyl (Firemaster BP-6) fed to pregnant Sprague-
Dawley rats and Swiss/ICR mice (100 and 1000 ppm) resulted in a

dose dependent decrease in mean fetal veight. (Number of pregnant
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mice: 16 controls, 9.rece1ved 100 ppm and 12 réceived 1000 ppm.
Number of pregnant rats: 12 controls, 7 received 100 ppm and

6 received 1000 ppm). Exe'nc.ephaly was produced in the offspriﬁg
of the mice that received both 100 (3/121)and 1,000 ppm (2/174

dosages while cleft palate (4/87) and defective kidneys (2/87)

. were noted in offspring at the 1,000 ppm level. Nonp:egnaﬁt

mice fed 1,000 ppm PBBs for 1l days showed marked increase in liver

size and weight (Corbett et al., 1975).

Cows from the Halbert herd received fee@-containing PBB
at a level of 2914 ppmlat a consumption rate of approximately
15 1lbs/head/day (200 cows) or 8 lbs/head/day (200 cows) for a
period of approximately 16 days. "Early signs of toxicity
included anorexia, decreased wilk production, 1ncréa§ed frequency
of urination, lacrimation, some lameness, and shrinking of the
udder of recently freshened cows. Upon removal of the contaminated
feed appetite improved. Cows bred 4-6 weeks prior to orset came -

back in heat suggesting early resorptions.

‘Later signs exhibited by the cows included hematomas,
abeécesses, weight loss particularly in high producing cows,
abnormal hoof growth, rough hair coat, alopecia, thickening

of eskin, dystocia, lack of udder development at freshening,

) metritis, and negligible milk production in cows freshening

3~-4 months post-exposure. Cows also exhibited a lack of wound
healing, general weakness and were highly susceptible to stress.

Six months post-exposure non-lactating cows showed depression of
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appetite, prepartum weakness, failed to develop signs of labor
and died without calving. Gross pathology included liver and
renal deg;neratibu. and hematomas and abscesses in the peritoneal

and thoracic cavities.

Twelve 6 to 18 month-old ‘heifers and bulls were offered the 

contaminated feed'gg libitum. Five of the animals were dead wichin

‘6 weeks. Younger animals became prostrate, went through a short

~

period of coma and died. Signs and lesions included testicular -
atrophy, abdominal adhesions, and massive liver abscesses. At

5 months only 2 animals remained alive. These became anorexic,
would consume only milk and developed signs of hyperkeratosis over

the entire body (Jackson and Halbert, 1974; Welborm, 1975).

The health status of 16 herds of dairy cattle exposed to low
levels of polybrominated biphenyl (PBB) was compared with that of -

15 control herds. Milk productiod of the contaminated herds was

not significantly changed in 1972, 1973, and 1074, and was not

significantly different from that of control herds in the same
years, Mortality of adult cows and calves, the percentages of
cow; culled from the herds because of o0ld age and low ﬁroductiOn.
diseage, or stetility,'and the general heal&h conditions were similar
in the two groups. Serum concentrations of caleium, glucose, and
cholesterol in contaminated herds were significantly different
from those of the control herds. but the relationship t; PBB

exposure needs furpher investigation (Mercer et al., 1976, In Press).

NEV 023018

121

733073



- .

- -

e o - m

-——— -

.t P e T T

(1

A styudy consisting of an investigation of records and herd

history of herds accidentally exposéd to PBBs was also done.

Significant findings included a decrease in production of 20 to

50%; severe weight loss at calving time; stetilitfi decreased

growth rate in young animals; evidence of soreﬁeas and.etiffness;

poor response to therapy o( common diseases; prolonged wound'

healing; abnormal hoof growth; calf losses; and malformed calves,

(Deming, 1975).

Polybrominated biphenyl was administered to four cowa at a
dose rate of 10 mg/head/day for 60 day;. Although the Btudy was
not designed as a toxicology study, tetroséective evaluation of
the data provided no evidence of clinical problems among test
animals during the period of exposure to PBB nor for a year

thereafter (Fries and Marrow, 1975).

E. Chlorinated Dibenzofurans ~ Mammalian Toxicity

It is presently asauméd because of our experience with the
chlorinated dibenzodioxins, that the 2,3,7,8-tetrachlorodibenzo-
furan is the most toxic compound of this group of chemicals,
while the dibenzofuran itself or the octadibenzofuran have little

inherent toxicity on an acute basis (Kimbrough, 1974).

Baver et al., in 1961 demonstrated the toxicity of mixtures
of tri and tetrachlorodibenzofurans. A single dose of 1 mg or 0.5

mg/kgbody weight given orally.to rabbits caused severe and often

fatal liver necrosis. . Application of this material to the rabbit
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ear caused severe hyperkeratosis at the application site.

The .single.oral Lnsb for tetrachlorodibenzofuran for guineca
pigs 1s between 5 and 16 pe/kg. Symptoms of toxicity were
severe weight loss, .atrophy of the thymus and spleen. Hemorrhages
were observed in the adrenals, urinary bladder and single cell -

necrosis was noted in the liver. C. D. Strain rats given as wuch

"as 1000 pg/kg bw of the TCDF failed to show any symptoms of

toxicity and microscopic gxamination of their tissues did not

Teveal any abnormalities. Similarly oral single doses of up

to 6000 ug/kg body weight of TCDF failed to elicit any toxic
effect in C57BL mice. A subcutaneous dose of 6000 ug/kg bw given
to these mice produced weight loss, hepatomegaly and atrophy of

the thumus but no fatalities (Moore et al., 1976).

While these findings indicate that in mice TCDF is 30 fold
less toxic than TCDD, the overall.estimated difference in toxicity.
between TCDD and TCDF is about tenfold (Bauer et al,, 1961;

Kimbrough, 1974; J. G. Vos, personal communication).

F. - Chlorinated Dibenzofurans - Avian Toxicity

When 1 day old cﬂicks were started on.daily oral doses of
5 pg/kg TCDF daily most of them died wichit-\ 11.5 days. One of
6 chicks died given daily oral doses of 1 mg/kg bw. Symptoms of
toxicity at the low as well as the high doses consisted primarily
of weight loss, decreased food consumption and géneral unthrifty-
ne;a. At autopsy the most striking findings were subcutaneous

edema, ascites and hydropericardium and atrophy of the thymus.

123
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An inflammatory exudate was noticed on microscopic examination

in the lung and the pericardial surface of the heart showed

_inflammatory changes. Congestion and hemorrhage into the

gastrointestinal tract was also observed (Moore et al., 1976).

G. Brominated Dibenzofurans ~ Mammalian Toxicity

When daily AOses of 4 /uglrébbit of 2,3,7,8-tetrabromodibenzo-
fiurans were applied to tbe rabbit ear for 5 days giving a total
dose of 20 mg/rabbit or about 5-6 mg/kg bw, the rabbits (lo)
Aeveloped ﬁyperketatoaié of the treated ear and areas of li;er
cell necrosis (Kimbrough, personal communiéation). No other
inférmacion is presently available.on the toxicity of brominated

dibenzofurans.

H. Longterm Toxicity Including Tumorogenesis

Chlorinated biohenyls

Mice
When male BALB c¢/J mice were fed Aroclor 1254 for 11 months

at :a dietary level of 0 or 300 ppm (49.8 mg/kg body weight) 22 of

S0 mice.in the experimental group and 24 of 50 in the control

- group survived. The livers of the test animals wete markedly

increased in size, and showed a qualitative increase in porphyrin.
A total of 9 experimental mice showed 10 neoplastic nodules
(hematomas, hyperplastic noduleq) in their liver ranging in size

from 0.1 - 0.5 cm in diameter. Othermorphologicai changes observed

'in the livers of the experimental gfoup including pleomorphism,
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areas of necrosis, and foci of adenofibrosis. (kimbrough and
Linder, 1974). Neither tumors nor the other morphological
changes were noted in the controls. Only one of 24 surviving
male BALB c/J mice fed Aroclor 1254 for 6 months followed by a
coﬁtrol diet for 5 months had a hepatoma (neéplastic hodule)

measuring 0.3 cm in diameter.

. R e e
-, Sv .
Ito et al., (1973) fed male dd mice 500, 250, 100 and O ppm

o nom -

Kanechlor 500, 400 and 300 in the diet respectively. After one
year,heéatocellular carcinomas were observed in 5/12 mice fed
Kanechlor 500 at a dietary level of 500 ppm, the othér 7 mice
in this group had nodular hjperplasia (neoplastic nodules).

No métastases were observed. ?eeding a, B, or Y hexachloro-
cyclohexane (BHC) isomers with or without Kanechlor 500 at a
dietary level of 250 ppm to mice for 24 weeks did not produce .
any tumors in the liver of animals receiving only the PCB

(Ito et al., 1973). Liver tumors were observed in mice

R receiving 250 ppm g BHC alone or 250 ppm PCB and either 100 or

50 ppm q BHC or 250 or 100 ppm B BHC. Thus PCBs enhanced.the’

tumor development of liver tumors of a or B BHC isomers.

Rats

Dietary exposure of male Sherman strain rats to levels of
500 ppm Aroclor 1254 (36.4 wg/kgbody weight) for 6 months resulted
in pronounced 1ipid accumulation in the liver which persisted for

a 10 months obgervatioq period féllowing the discontinuation of
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the dietary“exposuré to PCBs. Adenofibrosis (cholaﬁgiofiSrosis)
which was observed in the livers of rats ingesting the PCB

for 6 months was still present 10 months later. Whether this
lesion is persistent could not definitely be determined since high
levels of the higher chlorinated biphenyl isomer; were still
present in adipose tissue and liver (Kimbrough, et al., 1973);
Adenofibrosis 18 a focal proliferation of glandular epithelium
forming ducts often surrounded by exteﬁsive fibrosis. This

lesion usually occurs concomitantly in rat livers with hepato-

" cellular carcinomas and has been produced by many known hepafo—

carcinogens. It was first described by Edwards and White (1941).
The extremely long retention of some PCB isomers in rats was
again noted when male Sherman strain rats were fed 100 ppm

Aroclor 1254 for 6 months and then allowed to recover for 16

| months. 4.4 ppm of PCB derived material was present in the

liver and 152 ppm in adipose tissue on a wet weight basis (Kimbrough,

1976).

'Continued dietary exposure to commercial PCB mixtures in.
manmals ;esults in their storage in adipose tissue and over an
extended period higp levels may be attained (Curley, et al., 1971;
Burse, et al., 1974). Blood levels are more a function of the
dose, the rate of metabolism, availability of bi;ding sites in
blood, chemical characteristics of the compound given; rather than

the amount stored in adipose tissue (Smrek, et al.; in preparation).
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In another study: 200 experimental female Sherman strain
rats were fed 100 mg/kg Aroclor 1260 in the diet (11.6 - 4.3 mg/kg
body weight) for apprpximatély 2]l months and 200 female rats Qere
kept as controls. A total of 184 experimental rats and 173 controls
survived to sacrifice at 23 months. Hepatocellular carcinomas were
observed in 26/184 experimental rats and in 1/173 controls. None
of the controls but 146/184 experimental rats had neoplastic nodules
within ‘the liver (hyperplastic nodules). Areas of hepatocellular
alteration were noted in 28/173>contfois and 182/184 experimental
rats. The incidence of tumors in other o;gan; was not altered by
PCB ingestion and metatases from the liver tumors were not observed
(Kiﬁbrough et al., 1975). Adenofibrosis of the liver was also
noted in this study. In reporting these liver tumors the classi-
fication developed in a rat liver tumor workshop was followed

(Squire and LeVitt, 1975).

Liver tumors (multiple adenomatous nodules) were also induced
in 6/10 female Donryu rats with Kanechlor 400 but not in male rats.
The_@ietary exposure varied thfoughout the study from 38-616 PPR
(Kimura and Bﬁba, 1973). The indu?tion of liver tymors by known
carcinogens in Sprague Dawley rats such as 3'methyl-4-dimethylamino~
azobenzene, N-2-fluorenyl acetamide aﬁd diethylnitrosamine was

inhibited by Kanechlor 500 (Makiura et al.,1974).

Groups of 50 male aﬁd female Charles River rats were fed
dietary levels of 0, 1, 10 and 100 ppm of Aroclor 1242, 1254, and
1260 tespectively.(Calandra. 1976).. At 3, 6, and 12 months after
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onset of the experimentt 5 rats per each group and sc* vere
sacrificed. The surviving rats were gucrificigd 24 months

after onset of the expeqimentl. The only body weight depression '
noted was observed in the female rats fed Aroclor 1254, The
author reported that important histopathologic changes were only

noted in the rats fed the different Aroclors for 24 months.

The }1ver veighta were’increased 1; the male and female
rats fed 100 ppm of Aroclor 1260 and 1255 and only in females
fed Aroclor 1242 At a diefary lgvel of 100 ppm.. 1t was noted
that of a total of 20 surviving male and female rats (10 male
and 10 female rats) fed 100 ppm Aroclor 1242 in the diet for
24 months 8/20 rats showed 1§ver lesions called nodular hyper-

plasia, 2/20 had hepatomas and 1/20 had a cholangiohepatoma.
A total of 27 male and female rats (13 male and 14 female
rats) survived to 24 months in the groups of rats fed 100 ppm

Aroclor 1254 of these 13/27 had nodular hyperplasia of the

liver 4/27 showed hepatomas and 2/27 showed cholaﬁgiohépatomaa.

Similhr findings were made in the total 27 surviving male
and female rats fed 100 ppm Aroclor 1260 for 24 months. In these
groups 7/27 male and female rats had nodular hyperplasia of the

liQer. 5/27 had hepatomas, and 2/27 had.cholangiohepatomas.

Groups of & male and 4 female dogs were fed dietary levels
of 0, 1, 10, and 100 ppm Atoclor 1242, 1254, and 1260'§espective1y
for 2 years, 1 femaie fed 100 ppm Aroclor 1242, i male fed 10 ppm
Aroclor 1242, 1 female dog fed 100 ppm Aroclor 1254, 1 female
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fed 10 ppm and 1 male and 1 female fed 100 ppm Aroclor 1260

died. At the dietary level of 106 ppm of either Aroclor 1254 or
Aroclor 1260 the body weight gain was slightly decreased for both
sexes. Aroclor 1260 also reduced the body weighﬁigain in the
feﬁales at the dietary level of 10 ppm. 1In Ehe beaglés fed
Aroclor 1260 at a dietary level of 100 ppm, the liver weigﬁt was

increased and the serum alkaline phosphatase was elevated. All

- but i dog that died had either chronic peritonitis or chronic

pneumonitis. Many of the dogs fed 10 or 100 ppm of different
PCBs showed chronic inflammation of a variety of orgams. ‘Male
dogs fed Aroclor 1254 showed diffuse hyperplasia of the interstitial

cells of the testes and aspermatogenesis (Monsanto, 1971).

Decachlorobiphenyl

No long'term studies are avallable.

Polybrominated Biphenyls

No long term studies are available.

€hlorinated Dibenzofurans and Chlorinated Naphthalenes
No long teim studies are available.

Immunosuppressive Effects of PCB and PBB

Polychlorinated biphenyls (PCB) have been implicated as
{mmunosuppressants. Friend and Trainer (1970) found a decreased

resistance to duck hepatitis virus in PCB exposed ducklings.
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PCB has beern shown to produce lymphoid atrophy in rabbits

{Street and Sharma, 1975; Vos and Bee;s. 1971), chickens

(Flick et al., 1975; Vos and Koeman, 1970) and guinea pigs

(Vos and DeRoij, 1972; Vos and van Genderen, 1973). ”In

addition, PCBs were found to suppress humoral 1mﬁune tesﬁonses

to several antigens in rabbits (Koller and Thigpen, 1973,

Street and Sharma, 1975) and guinea pigs (Vos and DeRoij, 1972,
Vos and van Genderen, 1973) and to suppress cell mediated immune
reactfons in guinea pigs (Vos'and van Gehderen.,1973). In all of
these studiés the PCBs studied héve been commercial mixture#{ the
role of contaminants such as.chlorinated dibenzofurans needs to

be cﬁnsideted.

The effect of HBB on the immune system was studied in chickens
and guinea pigs (Vos and vﬁn Genderen). In chickens the atrophy -
of the lymphoid tissue was observed in bursal follicles and in
the spleen. It suppressed the humeral immune response in guinea
pigs. |

MUTAGENICITY AND TERATOLOGY

Polychlorinated Biphenyls
- The nutagenicity and cytotoxicitf of PCBs, Aroclor 1242 and

1254, were studied by Green et al., 1975, a, b. 'The‘lack of
mutagenic activity as measured by the dominant lethal test was
reported for male Osborne-Mendel ratssubjected to four different
dosage regiment: (1) eingle'bral intubations of 625, 1250 or

2500 mg/kg (for Aroclor -1242); (2) five daily doses of 125 or

250 wg/kg (for'Aroclor 1242), 75, 150 or 300 mg/kg (for Aroclor
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1254); (3) five daily doses of Aroclor 1254 at 150 mg/kg, then
starved overnight prior to mating;.(k) chronic feeding for

70 days at a dietary level of 25 or 100 ppm prior to mating:
(Green et al., 1975a). 1In a second study, bonelﬁarrow and
spérmatogonial cells were cytogenetically inv;stigateé from
Aroclor-treated Osborne-Mendel rats. Aroclor 1242 was given

orally at singie doses of 1250, 2500, or 5000 mg/kg or as four

"daily doses of S00 mg/kg/day; Aroclor 1254 was administered orally

as five daily doses of 75, 150, or 300 mg/kg/day. No statistically

significﬁnt increases in chromosomal'hberations were found for

the Aroclor-treated rats.. As indicated by Green et &l , (1975 b),
§h11e~these studies were negative in regard to chromosomal mutations,
they do not entirely rule out the possibility tha; PCBs may induce
péint mutations. To date, there are no known reports in the
literature céﬁcerning the induction of point mutations by PCBs

in laboratory model systems. The observations of ﬁilsson and

- Ravel, 1974, in Drosophila where no chromosomal breakage was found

among Clophen A30- or A50-treated flies, are fully consistent with

those of Green et al.,, (1975, a, b).
TERATOLOGY

Female NMRI mice, orally administered 0.025 ﬁg/day of Clophen
60, showed evidence of an increased estrus cycle from 6.6 + 2.5
days to 8.7 + 4.3 days and a decreased ova implantation rate from
87.0 to 79.5% (Orberg and Kihlstrim, 1973). Kihlstrém et al., (1974 a),

also demonstrated a decrease in the frequency of implanted ova
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among young animals nursed on milk containing PCB (Clophen 60).

Both the male and the female contributed to the magnitude of the
reduction of implantations. The mechanism by which exposure of the
d;veloping male to milk containing PCB leads to a reduction in the
precent of ova implanted is unknown but need not hecessarily involve

dominant lethal events.

No reports of frank terata were found, but a number of studies

" indicated the facility of PCBs for placental tramsport. Grant

ct_al;, (1971 b), showed that the concentration of PCB in fetal tissue

from otral administrationof Aroclor 1254 was dose-dependent and
that accumulation occurred in fetal liver where higher concentra-
tions weré found than in maternal liver. Placental transport of

PCB has been reported for the rabbit, rat, mouse, and cow (Grant

et al., 1971; Platonow and Chen, 1972; Berlin et al., 1975;

Melvas and Brandt, 1973; Brandt and Ullberg, 1973). Evidence of
placental transfer was also obaerved among Yusho patients. Wnile
PCB has no known or clearly défined teratogenic effect in mammals,
their easy passage across the placenta suggeats the possibility

of potential for some form of fetal toxicity.

Chlorinated Dibenzofurana

No infofmation available.

Brominated Biphenyls

15 pregnant rats were force fed 100 mg hexabromobiphenyl/kg
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body weight on days 6, 8, 10, 12, 14 and 16 of pregnancy in

corn oil. 14 control rats were given corn 0il. The pups were
obtained by cesarian on d;y 19 of pregnancy. No terata were
observed and no difference between control and experimental rats
was noted in ani of the other parameters studied.

5 control and 6 PBB treated animﬁls were treated with colcﬁicine
and bone marrow was studied cytogenefically. Animals treated with
PBB an& colchicine had higher metaphase and mitotic indices than
non-treated animals. Chromosome abeftatipns_were not noted

(Fiscor and Werts, 1976).

Toxicity of Chlorinated Naphthalenes

The following information is derived from a reviév
published by the EPA, namely Environmental Hazard Assessment
Report 'Chlorinated Naphthalenes', EPA-560/8-75-001%, For

literature references please refer to this report.

Animal Studies

The following tables summariie the available studies in

laboratory animals. Three routes of exposure are reported.

*This document is available through the National Technical
Information Service, Springfield, VA 22151. 'Preliminary
Environmental Hazard Assessment of Chlorinated Naphthalenes,
Silicones, Fluorocarbons, Benzenepolycarboxylates and
.Chlorophenols'. (NTIS accession number PB-238-074/AS)
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Tri/Tetra
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Penta/Hexa-
Penta/Hexa
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Hexa-
Hexa-
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(a) Dietary Exposure

Days oged

None reported

15
20
9-136
60
63
33
55
48
84

84
84

None reported

Species Dose Level
Rat , 5g/Kg feed
Mouse 2.5_mglday
Rat 300 mg/day
Rabbit 15 mg/Kg body wt.
Rat 50 mg day
Rat ' 300 mg/day
Rat 100 wg/day
Guinea pig 2.5 mg/Kg in oil
Rat 20 mg/Kg
Rat 63 mg/Kg
Rat 200 wg/Kg
Rabbit 1g
Rat 0.5, 2 or

- 5g/Kg

Single dose
22

Effect Reported

Increase in liver weight, growth
impaired, rough coat.

Rone. .

Fatty infiltration of liver.

None. .

Jaundice/fatty degeneration of
1liver. ‘

Death with yellow livers and
extreme fatty degeneratiom.

‘Deathwith yellow livers and

extreme fatty degeneration.

Death-Severe weight loss fatty

degeneration of liver.
Weight loss.
Weight loss.
Death.’

Death in seven days.
Decrease in liver but not plasma
vie. A.
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(b) Inhalation Studies

Compound Species ‘Dose Level Days Exposed ; Effect Rzporfed
Tri- Rat 0.05~0.2 mg/L 2 hr/day for 20 No'toxic effect.
: days

Tri- Rat 1.31 ng/L ~ 16hr/day for 134 No toxic effect.

. days ‘ : )
Tri- Rat 10.98 mg/L 16hr/day for 102 Slight liver discoloration, 5%

. days tats showed increased fatty

. . degeneration
Penta- " Rat 1.16 og/L 16hr/day for 52 Jaundice, enlarged liver and 69%

days fatality.

No studies have been reported for tie other chlorinated naphthalenes.

{c) Dermal Studies

Compound Species Couc Applied Days of Application Effect
Mono- Rabbit (ear) 90 mg/g Acetone 5-7 Mild reddening.
Mono- Rabbit(ear) 500 ng/g Acetone S5-7 Severe reddening, no decrease
. . of sebaceous glands.
Tri- Rat(skin) Not given 2 hr/day/40-60 days Nome reported
Tri- Mice (skin) Not given 2 hr/day/40-60 days None reported
Penta~ Swine (skin) 60 mg/Lx3L 6 days/week-4 weeks Slight hyperkeratosis.
Penta- Rabbit(ear) 30 mg/g acetone/day , 5 Mild dermatitis, bair
' o . folicular attenuation.
Hexa- Rabbit(ear) 30 mg/g acetone 5 Decrease in sebaceous glands
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(;i TOXICITY IN:BIRDS

Turkey Poults

Penta/Hexachloronaphthalenes in the diet.

(a) 5 ppm for 40 days caused 23% reduction in weight

gain with 6.5Z mortality.
(b) 100 ppm'- all poults died within 33 days. Histo-

T pathologic examination showed enlarged and darkened

livers.

The Lcso was 20 ppm with an average decrease in weight

of 51%.

Chickens

_I .
(-' Penta/Hexachloronapthalene in the diet.

(a) No effects reported at dietary levels of 4 and
20 ppm (35 days).
(b) 100 ppm prevented egg production (35 days).

(c) 2550 ppm  caused 100 mortality (14 days).

Effects reported included enlarged fibrous livers, lack of
feather pigmentation and pericardial and pgritoneai edema. A

fourfold increase in Vitamin A in the diet decteased'toxic

effec;s. \

G
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TOXICITY IN DOMESTIC ANIMALS

Ingestion 1s the most important route for exposure of

domestic animals.
Cattle

Bighly chlorinated naphthalene poisoning in cattle is
known‘asbovinehyperkeratoais or X~disease. Detailed information

on toxic doses is lacking. Penta/hexa mixture at a dose level of

. 5.5 mg/Kg body wt (orally) for 5 dayukcaused a sharp drop in

plasma Vit. A by the end of the third day and depressed plasma

Vit. A for over 30 days. A single oral dose of 1 mg/Kg body wt of
hexachloronaphthalene caused mortality within two weeks. The first
effect of chloronaphthalene poisoning.is an interference with the
biotransformation of carotene to Vit. A. The Vit. A, deficiency

is quickly followed by inflammation of the oral mucosa, lacrimation,

" excessive salivation and 1ttegu1ar food consumption. Gross physical

effects that develop during the course of disease include a general
thickening of the skin caused by over development of the skin's
hairyilayer with loss of hair.(hypetkeratosis).- There may be
degeneration or irregular growth of the horns. Continued exposure
re;ults in anemia, dehydration, loss of weight, fever and death.

There may be severe liver damage.

Swine

"~ No toxic effects were observed at levels of 100 mg/Kg
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body wt of the chlorinated naphthalenes (degree of éhlorination
was not stated). 150 mg/kg body wt caused a marked depression
of plasma Vit. A, and death occurred at a dose level of 198 mg/

Kg body wt.

Sheep

Toxic effects are observed at doses of chlorinated napthalene
10 X that required to produce toxicity in cattle, Sheep do

not show cutaneous hyperkeratosis or an excessive drop in plasma

' Vit. A as observed in cattle,

.Effécts reported include nasal discharge, weakness, loss of
weighe, ioas of appetite, ascites,.necrosis and cirrhosis of

the liver and cardiovascular effects.

Toxicity in Man -

The most important rout: forma_n's occupational exposure to
chlorinated naphthalene is via the inhalation route, Dermal

absorption route may also occur.

Penta/hexachloronaphthalene at a concentration 6f 30 ng/g
acetone, applied to the backs of human volunteers for a period

of six weeks caused typical chloracne.

Daily topical application of mono-dichlorinated naphthalene
to the human ear in mineral oil suspension for 30 days caused no
observable effect. Two clintcally distinct but often concurrent

syndromes have been desci‘ibed. namely, liver necrosis, and chloracne
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with itching. A number of deaths.involéing acuge atrophy of the
liver have been reported; with the course of the disease similar to
other forms of severe liver damage. Autopsy of fatally exposed
wprkers show severe yellow atrophy of the liyer. Definite data
relating to dose tesponie effects are in general lacking. However,

two dermal studies with man have been reported.

. SUMMARY

The degree of t&xicityiof chlérinated napthalenes increases
with th; degree of chlorination. Th; higher chlorinated.naphthalenes
(especially hexa ana penta) have been associated with chloracne and
.11vet damage in man. Dose response effects have not been estab-

lighed.

Cattle are more susceptible to the effects of chlorinated
naphthalene than other domestic animals. The effects observed
include development of Vit. A deficiency, hyperketatosia and

liver damage.
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HUMAN EXPOSURE TO POLYCHLORINATED BIPHENYLS
I. Introduction

Although the polychlorinated biphenyls (PCBg) have been used .

in a wide variety of induatrial applications in the U.S. from 1930
until 1970, when their distribution was voluntarily restricted to
closed systems, there is scant informa;ion on human exposure to
adverse human health effects in the U.S. In the U.S., minimal
humar exposure of the pophlation to PCBg 1is limited to food, air
and water, thle significant humhn exposure appears to be iiﬁited
to sports fishermen consuming fresh water fish from contaminated

gtreams and lakes; and to occupational exposure in industrial

workers.

II. Dietary Exgpsure to PCBs

The May 1972 Report of the Interdepartmental Task Force
on PCEs. gummarized the findings in food sampling programs con-
ducted by the Food and Drug Administration and the Department of
Agriculture. Jeliunek et a1"k3975lhave provided an update to

that summary and evaluated trends which is presented below.

The 1972 Task Force report outlined three broad sources of
food contamination. These are restated here in order to show which

sources have been effectively controlled and which sources appar-

ently persist, as reflected by results obtained in continued food
sampling.
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1. Environmental contamination - background levels of PCBs

in fish from lakes and streams.

2. Industrial accidents - isclated incidents involving
direct leakage and spillage or contact of PCB fluids and
- other PCB containing materials on animal feeds, feed

ingredients or food..

3. Food packaging materials - PCB migration to foods packaged

in PCB contaminated paper products.

As discussed in the 1972 Task Force report, there were a num-
ber of other positive findings in foods which could not be traced
to one of these broad sources prior to 1972 and the source of such
opcasiona.l findings temainv speculétive. However, in more recent
years, eséentially all positive findiﬁgs of PCBs in the food sup;

ply have been attributable to one or more of these three sources.

Jélinek and Corneliussen (1975) reported that for the 1969-1975
period, there has been a eignificant decrease in PCB 1eyels in
all foods with the exception of fish, where no particular trend
has $een noted., From that ob;ervation ;hey concluded that
procedures instituted to exclude the use of PCBs in "open"
aéplications have been effective, but that more needs to be

done to prevent their entry into the aquatic environment.

Jelinek and Corneliussen (1975) presented data on FDA's sampling

program ahdwing a very concluaivevdecline in the FYs 1973-1975
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period in terms of occurrence rate of PCBs and maximum 1e§els

found in milk, eggs, cheese, animal feeds and components, processed
fruits, and baby foods. Except for fisﬁ. occurrence rates in

FY'75 had dropped to zero or less than 1% for all categories,

and there were no findings in excess of the existing temporary
tolerances.. Similar data were presented covering USDA's sampling
6f meat and poultry which aléo showed a Aecline, to 0.3% poaitive

and only 0.6X above the temporary tolerance.

Jelinek and Corneliussen (1975) also reviewed FDA Total Diet

Study findings (FY'71-75) which showed that all food classes of

the total diet have declined to no PCB occurrence and no calculable
daiiy intake of PCBs, except in the.meat-fish-poultry composites.
About 40X of these composites continue to contain detectable PCBs,
although only traces have been detected in the latter years. The
limit of quantitative detection in the Total Diet Study is about
0.05 ppm; positive findings below that level are generally reported

as traces since they are not reliably quantitated.

:Occurrence of PCBa ended in 1973 in all oﬁher categoriés,
notabiy in dairy product composites and the composites of grain
and cereal products. This probably reflects the cohtrol measures
effected on animal feeds and on the control of iqgredienta in
recycled paper used for food paékaging. What remains, based on
the total diet study, is a continued iow level occurrence (about

40X positive and only at trace levels) in the meat;fish-poultry
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composites. The fact that levels in these compdsites.have declined
to only traces further supports the inference that the meat and

poultry and eggs no longer contain detectable PCBs and that the

. low level findings are primarily due to the fish in those composites.

This would imply that the PCB levels in the diet may have "bottomed
out” and may remain static until such time as there is a change in

the levels for fish.

Estimates of dietary intake of PCBs based on the Total Diet
Study must be taken as gross estimates because only traces are

currently found and some type of estimated value must be assigned

to those traces to calculate microgram per day intakes of PCBs.

Jelinek and Corneliussen used‘a.éet of consistent assumptions for
those traces in computing the daily intakes for the FY;1971-75
period. Their calculations showed a steady decline from 15 mcg per
day down to 8.7 mcg/day, with all of this coming from the meat-fish-
poultry group in FY'74-75 (minor and declining portions attributable.

to other food classes in earlier years.)

Review of this information implies that, although the various
sssumptions for trace residue reportings and varying foocd consump-
tion data have a significant effect on daily intake calculatioms,
an overall estimate in the order of 5-1 mcg/day PCB dietary intake
of PCB; for thé general public seems reasonable. This figure would
not be applicable to diets which'may include regular consumption

of fish from certain locations with high PCB ievela.
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II1. PCB Residues in Fish

Review of the data gathgrad by various agencies on fish resi-
dues indicates a sérioué incompatability of sampling programs for
obtaining data which reliably define trends in PCB levels. The
Food and Drug Admiﬁietration's primary concern is the levels which
exist in the edible pqrtion of commercially imported fish whiéh
are marketed interstate. Therefore, 1n.most cases, the heads,
entrails, skin and fins are excluded. Furthermore. FDA sampling
has not included fish which are caught and consumed locally
(freshwater fish) and the sampling has dealt with the most impor-
tant consumption species which are primarily of marine origin and
which generally do not contain PCB levgls as high as freshwater

.

species from certain locations.

In order to determine the humﬁn exposure to PCBs through
dietary fish, one must know ghe levels of PCBs residues in the
edible portions of fish, and the.amounés of the various kinds of
fish consumed by the population at large, and by épecial subpopula-
tions. During the past few weeks, information has been comfiled
by National Marine Fisheries Service;NOAA on the PCBs levels of
these residues in marine and freshwater fish and shellfish, and

on dietary habits.
Table 10 1ists the 20 most important types of fish eaten in
the U.S. today, and the mean daily amount of each type eaten by
NEV 023041
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TABLE 10

(wk Fish and Shellfish Conmsumption in the United States
(September 1973~August 1974)

.y e

Number of Mean amount
Anount (mill.) Percent of Actual Users per user
! i ‘Rank  1lbs/yr) total by wt. (millions) (grams/day
' Total - ' 2957. . 100. 197. -~ 18.7°
, Tuna . ‘ ‘ 1l 634 21.4 130. . 6.1
(mainly canned)
. Unclassified* .2 542/ _ 18.4 68. 10.0
(mainly breaded,
, incl., fish sticks)
Shrimp 3 301. 10.2 45, 8.3
" -Ocean Perch#® - & 149, 5.0 19, 9.7
Flounder 5 144, 4,9 3l. 8.6
"' Clams . 6 113. 3.8 18. 1.6
Crabs/Lobsters 7 110. 3.7 13, 10.6
Salmon 8 l01. 3.4 19. 6.7
. Oystars/Scallops 9 88, 3.0 14, 7.8
Trout** ‘ 9 880 3 -0 9 . 12.3
Cod* 11 . 78, 2.7 12, 8.1
Bagsh* 12 73. 2.5 7.6 12.0
Catfish** 12 73. 2.5 7.5 12.1
Hq; pck* 12 73. 2.5 11, 8.6
) Po .l.ock* 15 60. 2-0 11. 6.8
- Herring/Smelt/ .
Sardines 16 54, 1.8 10. -7
Pike*% 17 35. 1.2 2.5 17.4
Halibut* 18 32, 1.1 5.0 . 8.0
Snapper . 18 . 32. 1.1 4.3 9.3
Whiting 20 25. 0.9 3.2 9.7
5.1 n.a. n.a.

All other classified 152.

* Mainly imports
** Fresh water
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the subpopulations of actual users. The Table includes all dietary
fish, from sport fishing and from domesfic and imported commer-
cial fishing. 'These 20 items comprise 95% of the fish products

eaten. The results are taken from information in a recent Seafood

Consumption Study by the National Purchase Diary of Schaumburg,
I1linois, spgnaored by the Tuna Reééarch Foundation, and National
Marine Fisheries Service data on the amount of fish and shellfish
proceﬁsed and distributed in the U.S. Several items in the Table
are worth noting for purposes of the present analysis. (1) Although
nipety-three percent of the U.S. population (197 million) eat fish,
the average annual per c;pital conaunption.qf fish is sm;llz 15.0
1bg/year--fish eater; (2) a large “ﬁnclaasified" fish fraction

exists in the U.S. diet, ranking just below tuna in importance;

" (3) the major portion of many of our most familiar types of sea-

food is imported; and (4) freshwater species, led by trout, bass,

and catfish, comprise about 9% of our total fish diet.

A comﬁilation of Pcﬁ Data, representing the results of all
the measurements known to NMFS of PCBs in fish usad in the U.S.
diet is presented in the Compendiqm of PCB data. It includes
data from government reports, and state and privgte.publications.
An cffqrt wvas made to includ; current, unpublished data from
marine laboratories. The compilati&n includes the results of a
comprehensive literature search by the NOAA-Environmental Data

Service (EDS). An EDS~ENDEX data search for unpublished data

-
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and a EDS-OASIS search were made, crossing marine food species with

PCBs.

Two significant sources of data--the 1975 FDA-Market’Basket
results, and the results of the extensive Fall 1975 New York State
Department of Environmént analyses were not available to NMFS at
the time Compendium was published. However, FDA has indicated

that the 1975 Market Baaket‘teaults do not differ dramatically

"from 1973/4 data. Preliminary results of the New York Study are

included in Table 12.

Table 11 summarizes the PCB information assembled in the

.Compendium relating to the 20 most important kinds of dietary

fish identified in Tablell. Although at one time or another, some
PCB measurements have been made on many fish, Table @ points out
the inadequacy of information on PCB residues in the most impértant
items in the fish diet. Sampling and analysis have been sporadic
and not designed to monitor trends in human exposuré. Systematic
surveys of neither the important items nor the species most likely
:to be contaminated have been undertaken. Very few recent (1§75)

measurements have been reported.

However ffagmentary the data on PCB levels may be, they do
not include a single measurement exceeding 1 ppm in any of the
ten most important fish foods, except for Dover 361e and crab _
taken in the {mmediate vicinity of Los Angeles, sewerage ocutfalls,

and erab living on contagihated sediments in Upper ‘Chesapeake Bay.
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TABLE 11

Maximum Reported PCB Residue Levels in
Fish Muscle (White Meat)

. . Range and Max. Level Reported Mean Level in
Rank# Kind (ppm) (see Compendium) the U.S. Diet
. L Tuna ‘ 0-0.49 (1973) Unknown*
2. Unclassified . .
(mainly breaded) ' no data Unknown -
3. Shrimp 0-0.167 (1971) Unknown*
4. Ocean Perch 0-0.25 (1974) Unknown*
S. Flounder/Sole 0.6.32 (1972) Unknown*
6. Clams : 0-0.819 (1974) Unknown*
7. Crabs/Lobster 0-4.9> (1972) Unknown#*
8. Salmon 0-0.5 (1974) Unknown*
9, Oysters, Scallops 0-0.43 (1974) . Unknown*
10. Trout ' : :
(excl. Lake Trout) 0-0.56 (1972) \ Unknown*
11, . Cod . 0-0.4 (1974) ) Unknown#*
12. Bass _ 0.3-8.&3 (1974) Unknown*®
13. Catfish 0-4.4 (1974) Unknown*
14, Haddock 0-1.16 (1974) Unknown*
15. Pollock 0.0 (1974) Unknown#
16. Herring/Smelt/
Sardines (marine 0-1.6 (1974) Unknown*
17. Pike 0-0.65 (1974) Unknown*
18, Halibut 0-0.149 (1974) _ Unknown*
19. Snapper 0-0.1 (1974) Unknown*
20. Whiting : ' 0.0 (1974) ' Unknown*
§ These 20 items compose 95% of the fish in the U.S. diet.

Probably well below 1 ppm

8single Dover Sole taken near Los Angeles municipal sewerage outfall.
The mean value of Sole samples taken in this vicinity was 1.3 ppm in
1975. Mean values of other samples .taken away from outfalls were
less than 1 ppm in 1975. In any case, although Dover 'sole is an
important food fish in Northern California, it is not taken commer-
cially in Southern California waters.

bSingle yellowneck crab taken near Los Angeles outf&ll—mean of group
including this crab was less than 1 ppm. A composite of Upper
Chesapeake Bay crabs contained 1.2 ppm in 1974.

CTaken in 1974 from St. Croix River, Wisconsin--mean of 4 White Bass
was 6.2 ppm.

dTaken from Mississippi River, Minnesota--mean of a sample of 5 catfish
was 2.5 ppm. : '

NEV 023045 148

733100



.o

e i e pewon,

e N AR SRR T PO . - ey

P e . o

O

No more than 1.6 ppm has been reported in items- 11 tﬁr;ugh 20 in
importance, with the exception of freshwater bass and catfish living
in river and lake areas known to be contaminated ;;fh PCBs. None-
theless, as emphasized in the Table, there have been no PCB measure-
ments on the important unclassified dietary fish items, and the

analytical information is in no instance systematic enough to

permit an estimate of the actual mean PCB values, hence human

. exposure. The strongest statement that can be made, based on the

incomplete data summarized in the Compendium, is that most of the

{mportant fish meat items eaten in the U.S. probably contain mean

PCB residue levels well below 1 ppm.

" Pragumentary evidence algo leads to the conclusion that the PCB
levels in fish liver, roe and oil are approximately ten times that
in the edible muscle and the PCB concentrations are greatest in

the older larger oily fish, especially those that spend part or

all of their lives in contaminated lakes, rivers or estuaries.

Table 12 1lists the location of the species where high PCB

" levels, exceeding the FDA 5 ppm guideline, have been reported.

Although the trout, salmon and chub in Lakes Michigan and Ontario
and the Nudson River bass, perch and eel constitute only a few
percent at most of the national fish diet, in some areas they are

a significant part of the fish diets.

In order to discover what is presently known about U.S. fish

consumption habits, a yide range of government and private sources
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TABLE 12

Areas Where at Least One Example of High* PCB Residue
Levels Have Been Reported in the Listed Species

- Species
Striped Bass
Chub
Carp

Chain Pickerel, Alewife
Coho Salmon

Chinook Salmon -
Steelhead Trout

Lake Trout

Bass, Smallmouth

White Perch
Alevife
White Sucker
Walleye

-Bass, Largemouth

Yellow Perch

 'rican Eel, Crabs, Sturgeon
Rock Bass, Catfish

Bluefish

Location

Hudson River, New Jersey
Lake Michigan
Mississippi River, Minn., Lake Onandaga, NY

-Hudson River

Lake Michigan, Lake Ontario, Hudson River
Lake Michigan, Lake Ontario, Hudson River
Lake Michigan, Lake Ontario

Lake Michigan, Lake Ontario, Lake George. NY
Lake Onandaga, Genessee River, NY

Hudson River, Mohawk River, St. Lawrence
River

Lake Onandaga, Rudson River

"Hudson River

Hudson River, Mohawk River

Hudson River, Mohawk River, Black River, NY

Hudson River, Mohawk River

Hudson River .

Hudson River

Hudson River .

Long Island Sound (muscle from one large
oily fish contained 8 ppm)

This Table includes recent data from New York State Department of Environmental
Conservation not included in the NMFS Compilation.

The Hudson River above Fort Edward, New York, is not contaminated with PCBs
and the residue levels in fish are quite low.

*Above the current 5 ppm FDA Guideline.

O
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vergﬁconsulted. A number of pre-197Q studies are Available,
including a 1969 NMFS Survey of Fish Purchases and a 1968-70 HEW
Ten State Nutrition Survey. In addition, a few specialized
reports have been published, including annual FDA Regional

Basket Surveys that do not include fish eaten in restaurants

-and institutions or by sport fishermen, and surveys by the Spoit

Fishing Institute and a 1974 Texas A&M Analysis of Seafood Con-
sumption Patterns in Texas. Ho&ever. the most up to date and
comprehensive data are available in the previously mentioned 1973~

74 Seafood Consumption Study by the National Purchase Diary.

Table 13 summarizes results of fish consumption demographic

information that defines the puuber of U.S. consumers who would

. exceed an arbitrarily set dietary micro-constituent level. To

date; this kind of information is available only for total dietary
£ish and one subcomponent, gggg. Table 13 indicates that 75
million U.S. consumers eat more than the national average of 18.7
grams of fish per day and 29.million would exceed the present
dietary intake limit of PCB (175 mcg/day) if the 35 of more. g/day
of fish eaten was cont;minated on average to 5 ppm, the current
FﬁA guideline level. There is, of course, no evidence that the
wean PCB le;el in £ish is anywhere near S_ppn. Nonetheless,

should it in the future reach 1 ppm, then by an extrapolation

" from Table 13, an estimate can-be made that about 200,000 U.S.

consumers would be exceeding the 200mcg/day, FDA limit. As
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TABLE 13

Number of U.S. Consumers Who Eat More Than X

X " Number (thousands of consumers)

(g/day) ' . Total Fish Tuna
0 | 197,000 /130,000
18.7 (national avg.) 75.0(}0 5,700
35 _ | 29,000 ~ 1,300
50 : 14,000 400
100 | 2,000 - - | 43
150 - 400 10

* Derived from graphs on pp. 21 and 23 of the Seafood Consumption ,
Study, September 1973--August 1974 by the National Purchase Diary,
Shaumburg, Illinois, 1975. Sponsored by the Tuna Research Foundatiocn.
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snother hypothetical case, if the PCB level in tuna should ever

reach 1 ppm, then about 5,000 tuna fish consumers, those who

eat in excess of 175 g/daj. would exceed the 200mcg/day limit

from tuna alone.

Survey data do show that in general U.S. fish eaters include
a wide variety of fish items in their diec.' Thus, even if certain
items contaiﬁ toxic micro-constituents at or near FDA guideline
level, thé great majprity of consumers would receive only a small.

fraction of their average dietary intake from these sources.

Clearly, there is a need for demographic information, similar
to that available on total fish ;nd tuna, on the other principal
foodfish items in the U.S. diet; gnd a8 need to extend and better
measure the high-consumption tail of the distributions, to get a
correct piccure of the number and type of consumers eating in

excess of 100g/day of any single fish product.
IV. Conclusions

At present, it is difficult to estimate human exposure to PCB

from eating fish, either for the population as a whole or for

subgroups at higher risk. Fragmentary evidence suggests that

the exposure to the population as a whole from PCB residues in
ingested fish is probably well below 19 mcg/day-consumer, based on
PCB levels which are p;obably well below 1 ppn aﬁd 19g fish

consumed/day.
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Although it is important to know the total population exposure, the
first priority should be given to defining the dietary intake of
PCBs in special subpbpulation; at high risk by reason of high con-
gsunmption of fatty fish, or high sensitivity to the toxic action of
PCBe. Such populations hight include prégnant women and young
children, dieters, low income groﬁbs and sport fishermen |

idving in coastal and lake regions where there is known PCB con-

tamiﬁation. Primate studies suggest that pregnant women and

young children will be p;rticularly sensitive to PCBs, aﬁd dieters,
and in gome areas low income groups may iely heavily on' fish for
food. For each subpopulation, the qmount‘and kind of fish in the
diet and the PCB residue levels in the fish eaten must be obtained
in order to determine exposure. None of the necessary information
to define the human PCB exposure in subpopulations is presently

known.

The first priority in aystematically monitoring and analyzing
for PCB residues in ' fish should therefore be among the oily fish
such as salmon, trout, mackerel, shad, aaidinea, herring, bluefin

tuna, sable fish, white fish, striped bass, and bluefigh, that

‘have been identified as significant food items in the diets of

special subpopulations of consumers.

Although only minimal dietary exposure to PCBs may occur

through food, there is evidence of potentially significant exposure

1
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in those sub-groupu of the population who regularly éonaume fresh-
water fish from waters which are contaminated with PCBs at levels
which exceed the FDA temporary tolerances. These sub-groups of

the population would include sports fishermen and others who consume

locally caught freshwater fish.

In surveys conducted by the State of New York and FDA, samples

of 17 species of fish were collected from 10 points on the Hudson

‘River between Glens Falls and Alpine, 13 samples were collected at

Glens Falls and 68 samples below Glens Falls. The data from these
surveys indicate that 53 out of 68 samples of fish collected at or

below Fort Edward (approximately 7 miles below Glemns Falls) con-

tained PCBs in excess of 5 ppm. The average level of PCB contamina- 1

tion in these 68 samples was 31.3 ppm. .In contrast, only trace
levels were found in the 13 samples obtained at Glens Falls. -A
high. proportion of finfish and eels from all sampling points
below Glens Falls contained PCB levels in excess of 5 ppm. The
Fort Edward sampling point had fhe highest levels for the species

exanined! with individual samples ranging from 20.1 to 178 ppm.

. Twenty-eight of the 33 samples of coho and chinook salmon from
Lake Ontario exceeded 5 ppm, with a range from 21 ppm to 24.6 ppm.
Of the 4 samples of lake trout tested, results were in the range
of 10 to 15 ppm. All other specigs of fish sampled from Lake

Ontario were at 5 ppm or less PCBs.

The Great Lakes repgésent another area of the nation contamina-

ted with PCBas. The Michigan Water Resources Commission has reported

.
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that many surface water gamples contained PCBs at'eonceﬁtracions

~ above the detection limit of 10 ppt. Ten significant levels of
PCBs have been found in rivers and streams discharging into the

" Great Lakes., Effluents from wastewater treatment plants setvicing

1ndustrialized communities have been found to be highly contaminated.

‘Sawmpling surveys of Great Lakes fish have shown that most
species tested contained detectable levels of PCBs and that residuve
levels were generally proportional to fish size (age) and highest
in the predator opeciea; Except for whitefish, the specieg of
.commerciai or sport interest (trouts and salmons) from Lake Michigan
were fonhd to be highly contaminated with PCBs. Data obtained from
lake trout collected from various éreas of Lake Michigan show mean

.

PCB levels ranging from 3.06 ppm to 11.93 ppm.

The Michigan Department of Public Health has recently compléted
a study (Humphrey et al., 1976) whicﬁ attempted to assess some
of the consequences of hungn exposure to PCBs from thé consumption
bf sportsfish caught in different areas of Lake Michigan. The
stﬁdy included exposed ané control subjects from five areas of
Michigan bordering on Lake Michigan. Exposed study subjects were
those individuals who consumed at least‘za to 26 pounds of Great Lakes
fish per year. Control subjects were those individuals who consumed

less than six pouhda of Great Lakes fish per year.

A preliminary assessment of the findings in the study indicate

that the dost‘frequently reqérded quantity of fish consumed by the
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study participants was in the 24-25 pounds per y2ar range. The

highest recorded fish consumption over the two year period of

the study was 180 pounds -per year and the highest single season

consumption was 260 pounds. - Mean PCB levels in whole Lake Trout
are reported as 18.93 ppm in 1973 and 22.91 ppm in 1974, and 12.17

ppm in Coho Salmon in 1973 and 10.45 ppm in 1974,

Hovever,.comﬁarisons of PCB leQels in raw vs. cocked fish
indic;te that actual human.exposute to PCB from fish consumption
is less than might be'expectgd fromAthe raw fish data. This is
not unexpected since preparation (trimming away fatty tissue) and
cocking have been shown to decrease the concentration of PCBs.
For example, the PCB level in cooked Lake Trout consumed by the
study participants tangeé from 1.03 ppm to 4.67 ppm; in cooked
salmon fromv0.48 ppe to 5.38 ppm; and in other cooked fish from
0.36 ppm to 2.06 ppm. These levels are decidedly lower than the

level of PCB contaminétion reported_in raw trout and salmon.

PCBs were found in 501 blood and breast milk specimens col-
lected from study participahte during the study. The values ranged
from a low of 0.007 ppm in blood in the control group to a high

of 0.366 ppm in the exposed group. Although there was a wide range

of blood values for each quantity of fish consumed, there was a

highly significaht correlation between the reported quantity of
Lake Michigan £ish consumed and the concentration of PCB in the

blood of study particiéangs. Using a natural log transformation
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(:} ' of PCB values, the correlation between amount of fish consumed and

PCB blood levels was significant (t=6.24, p= 0,0001), with higher
reported fish consumption being associated with higher blood PCB

levels.

No annual variation in PCB blood levels in humans could be
demonstrated. The mean PCB blood values for the control andvexposed
groupe did not aﬁpear to change markédly from 1973 to 1974. 1In
addition, abstinence from Lake Michigan fish consumption for a
period of 90 days or moré did not change the PCB blood levels sig-
nificantly. PCB blood levels ove; the abstaining period éhovs
variation but no steady decline in PCB. id fact, more subjects ,

showed no change or a rise than showed a decline in PCB blood

(n. . levels over time.

The calculated quantity of PCB ingested by eating Lake Michigan
fish averaged 46.5 mg/year and ranggd from 14.17 to 114.31 mg/year.
PCB ingestion for each individual was éete;mined by proportioning
the reported annual fish consumption by frequency of species eaten
and the cooked fish PCB levels for those filﬁ. The conmunity
average for cooked fish was used in instances were-cooked fish
determination were not available for a study participant. Because
fish éonsumption was found to vary from year to year the average
annual eonsumptionvfor each individual for the two baseline years

of study was used in each case.

(L) : NEV 023055
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Results from this gtudy indicate the strong likelihood that the
maximum allowabie ingestion of 1 mcg/kg body weight/day recommended
for protracted exposure to PCB 1s being exceeded by the majority

of the exposed group participants, and by inference, by a substan-
tial number of indiviauals participating in sport fishing and who
consume quantities of cdntamin;ted fish. The calculated mean daily
dose receive& by the exposed group is 1.7 mcg/kg/day and ranges
from 0.49 mcg to 3.94 mcg/kg/day. 1If the average annual rate of

PCB ingestion from fish indicated by these study results were con-
tinued over the years, and if net accumulation occurs, the average
sports fisherman consuming contaminated fish could receive a total
PCB dose equal to the 200 mg eaf;ty limit in approximately 4.3 years.
Under the same set of assumptions, individuals consuming greater
than average amounts of contaminated fish would reach the total dose

level sooner.

No adverse health effects or éroup of symptoms could be iden-
tified in the expos;d group that were clearly related to PCB
exposuie. This implies that exposure to PCBs from eating contamina-~
ted fish at the levels observed and the presence of PCBS in these
exposed persons has not caused any observab;e ;dverae health
effects at the time of the atud&. However this does not exclude
the posaibiliﬁy that effeects too subtle for detection are occurring

or the possibility of long-term adverse health effects.
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Considerable scientific interest has centered on the Yusho
incident in Japan where in 1968 human intoxication with Kanechlor
400, a PCB manufactured in Jépan, was noted when a heat exchanée
leaked this PCB into rice oil ("Yusho" oil) which was consumed by

Japanese families:

The éypical clinical findings included chloracne and increased.
pigmentgtion of fhe skin, inc;ease@ eye discharge, transient visual
disturbances, feeling of weakness, numbness in limbs, headaches and
disturbances in liver fﬁnction, Most of the babies born to mothers
with Yusho had skin discoloration which slowly regressed as the
children grew in size. Adult "Yusho" patiénts had protracted clini-
cal disease with a slow reé;ession of symptoms and signs, suggesting
a slow metabolism and excretion of the PCB in humané.-probably

resulting from a long biological half-life.

A teview of the literature extent in 1972 led to the following

facts with respect to this tragic 1ncident_in Japan:

1. The average PCB content of the rice oil in the dose-

regponse epidemiologié study was 2,500 ppm.

2. In this dose-response epidemiplogic study, the average
cumulative intake of PCBs, leading to overt symptomatology,
was 2000 mg. In this same study, the lowest dose leading

to overt symptomatology was 500 mg.
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The toxicity seen was the result of the ingestion of the

PCBs. contaminant in the rice oil.

A summary updating of the "Yusho" incident was presented by

Professor Kuratsune at the National Conference on Polychlorinated

Biphenyls, Chicago, Illinois, November 19, 1975 (Kuratsune et al.,

1976). This report affects the original conclusions enumerated above.

1.

PCBs Content of "Yusho" 0il.

The first reported PCB determination was made on a canned

contaminated rice oil produced on February 5, 1968, and
vhose,cbnsumption was associated with overt symptomology.
One group of Yusho patients wa; associated with ingestion
of this contaminated canned rice oil produced or shipped

on February S and 6, 1968 (Kuratsune et al., 1972).

The detailed epidemiologic Btudies are given in the papers

by Kuratsune et al., (1969) and Yoshimura (1971) and sum-

. marized in English by Kuratsune (1972), Kuratsune et al.,

(1971) and Kuratsune et al., (1972). Of 325 patients

queried, 166 of.170 used canned rice oil produced or
shipped on February 5 and 6, 1968, and 143 of 155 used
bottled rice oil shipped from Februaty 5 to 15, 1968.
Teukamoto et al., (1969) determined that the organic
chlorine content of canned rice oils produced or shipped
on February 5, 1968, was 1000 to 1500 ppm, by chemical

and activation analysis. Since Kanechlor 400 had a 48 per
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cent chlorine content, if one attributed all the organic

chlorine to this specific chlorinated biphenyl, then this

canned rice oll contained, as an average, 2500 ppm PCBs.

Kuratsune et al., (1969) reported that a qualitative GLC
survey of 109 samples of bottled rice oil shiéped between
October, 1967, and October, 1968, showed "signific;nt"

PCBs content only in those samples between February 7 to

10, 1968. The largest amount was reported in the sample

of February 7, 1968, but the quantity was not given. No

bottled rice oil sémples were available for February 5 and
6, 1§68. However,. in the‘papet by Kuratsune et al., t1971),
the most marked contamination of bottled rice oil was for
that shipped on February 7, .1968; and the maximum chlorine
content was 462 ppm. One may assume that thig number
applies to the sample of bottled rice oil of February 7,
1968, giving this sample a PCBs content of 924 ppm.
Kuratsune et al., (1976), reporting the work of Nagayama
et al., (1975b), gives the PCBs ayalyses for three samples
of toxic "Yusho" oil, usea by three independent families
with "éusho", as approiimately 800 to 1000 ppm. These‘
were GLC/MS measurements. Nagayama, et al., (1975b), -
described these samples as follows: o

"Rice oil used by patients with Yuso ("Yu#ﬁo oil"): 3
samples of rice oil used by 3 independent families with
Yusho in 1968, These samples had been kept in glass

bottles with glass stoppers at room temperature in
our laboratory until 1974 when the analysis was made."
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Kuratsune (1976) pointed out that these'tthe samples
were canned oil and considered to have been produced and
shipped on February 5 or 6, 1968. This is also suggested
in footnote a, Table 5, in the paper by Kuratsune et al.,
(1976). 1t was reported previously that, based on organic
chlorine determinatiohs, ?sukaméto et al., (1969) reported
an average PCB content of the canned oil of February 5,
1968, to be 2500 ppm. ﬁow. based on BLC/MS, we have a PCB
content of ca 1000 ppm for canned oil sample of February

5 or 6, 1968.

What are the p&ssible explanations for this digcrepancy
in values? One possibility is based on the assumptions
associated with the method of measurement by Tsukamoto

et al., (1969); namely, determination of total organic
chlorine. Thus, any orgnic chlérine present in che

rice oil, which was not a chlorinated biphenyl, would be
ipcluded in the.PCB analysis. - Some possibilities include:
chlorinated dibenzofurans, chlorinated naphthalenes,
chlorinated paraffins, other chlorinéted aliphatiéa and

non-biphenyl aromatics. -

Another possibilitj is related to.the distribution,
with tine._of the contaminated rice o0il samples. February
S, 1968, occurred on a Monday. The first rice oil samples
reported to contain PCBs were produced on this date

(Tsukamoto et al.; 1969). ‘If the leak first occurred

‘sometime over the weekend (February 3 and 4, 1968), and
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production was resumed Monday ﬁorning. February 5, 1968,

then'oﬁe would expect the samples of this date to be

higher in PCB content,

Therefore, one would expect the first batches Monday

morning to be highest with a diminution of PCB content

with time. Tsukamoto et al., (1969) reported the organic

chlorine content of six canned oils produced Monday,

. February 5, 1968, as follows: 1020, 1170, 1070, 1080,

1030, and 1500 ppm. . In the survey of bottled oils,

Kuratsune et al., (1969) reported that for those samples

vwhere PCBg were found, the greatest amount was in the

samples of February 7 (Wednesday); and after February 1ll.

It was inferred from the paper'by Kuratsune et al., (1971)

that the PCB content of the bottled rice oil sahples of

February 7, 1968, was 924 ppm.

In addition, in Table

5, Kuratsune et al., (1976) gave a value of 134 ppm PCB

for a rice oil produced on February 10, 1968. Thus, the

available data does confirm a diminution of PCB contamination

" of the tice oil with time.

Date Source
Feb. 5, 1968 ‘ canned

FPeb. 5 or 6, 1968 canned (?)

Feb. 7, 1968 bottled
Feb. 10, 1968 bottled
_After Feb. 11 bottled

1968

This is summarized belowz'

PCB content (ppm)  Method
2000-3000 organic Cl
ca 1000 GiC/MS

924 ofganic Cl

134 . ?

just detectable  GLC (?)
023061}
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The resolution of the varying PCB values for the canned
oil c;nnot be made. However, Kuratsune (1976) confirmed
that the Productlon of rice oil had been suspended for

an unknown period of time prior to February 6, 1968, when

it resumed.

Dose~Response

. There were 1291 "Yusgho" patients as of April 30, 1975

Oeme, 1975). Of this total group, the dose-response
telationahip was.developed froé a‘detailed analysis of
146 patients (Yoshimura. 1971; Kuratsune et al., 1972).
These 146 patients all consumed contaminated canned

rice oil producéd on February 5, 1968 c9nta1ned 2000 to
3000 ppm PCBs as Kanechlor 400 (Tsukamota et al., (1972)
estimated that the lowest dose producing symptoms was

0.5 gn.

1f the PCB content of this canned oil was ca 1000 ppm,
as discussed in the previous section, then the average

dose producing an overt effect was 0.8 gan. and the

‘lowest dose producing an overt effect was 0.2 gﬁ.

Causative Factors.

Originally, rice oil contaminated with a heat exchanger,
Kanechlor 400, a polychlorinated biphenyl, was associa-

ted with "Yusho" symptomatology (see discussion in section
NEV 023062

165

733117



.. - o

G

1-above). PCBs were identified in the contaminated
rice oil consumed and in the blood and tissues of Yusho
patients. Therefore, the effects seen were attributed

to PCBs.

In.the review by Kuratsune et al., (1976), a new factor
was introduced 1nto.thp system; namely, the canned rice
0il was also contaminated with chlorinated dibenzofurans
to the extent of 5 ppm. In addition, in this same paper
bj Kuratsune et al., (1976), they presented dgta of

Bagayama et al., showing polychlorinated dibenzofurans

'in the liver and adipose tissue of Yusho patients, while

none was found in that of & control group. The ratio

of PCBs to PCDFg in Kanechlor 400, a Yusho‘oil of February .
5 or 6, 1968, in adipose tissue and liver from a Yusho
patient were 50,000; 200; 144; and 4 respectively. Thus,
relative to Yusho oil, the liver with a PCB/PCbF ratio

of 4 to 1, appears to selectively concentrate PCDFs

relative to PCBs.

.Ralative to PCBs, PCDFs are about 250 times higher in

the rice ofl than in Kanechlor 400 (Nagayama et al,
1975b; Kuratsune et al., 1976).1 They also stated that

PCDFs may be a factor in Yusho disease. In another

1)1t should be moted that we are comparing chlorinated dibenzo-
furan content of an unused Kanechlor 400 to that after prolonged
uge in a heat exchanger.:
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paper Nagayaha et al., (1975a) repofted that it “is
said that the toxicity of PCDF is. said to be from 200 to
500 times that &f PCB". At the lower f#ctor (200)..con-
taminated rice oil would be expected to be twice as toxic
. as Kanechlor 400. Also, in this same paper they stated
that the symptoms seen in Yusho patients seemed to be
more‘sevére than would be éxpected just from the PCB
intake associated with the oil. |
1f PCDF 1s 200 to 506 timeé more toxic than PCB (Nagayama
et al., 197%a), théh cogtaminated‘rice oil would be 2 to
3.5 times more toxic than that expected from its PCB>con-
tent, alone. Kuratsune et al., (1972), estimated that
if the average ﬁmount of.contaminated rice oil ingested
by a “"Yusho" exposed person, is related solely in terms
of its PCB equivalent, then the amount of oil needed
to be ingested, on that basis, would be 1600 ml to 2800
ml. At a PCB content of 2500 ppm, this ia»an ingestion of
4 to 7 gm of PCBs eqﬁivalent; whereas at a PCB content '
of:1000 ppm, this is an ingestion of 1.6 to 2.8 gm of

PQB; equivalent.
Conclusion

The complexities and uncertainties associated with the
most recent reports of the "Yusho" incident in Japan,
mnake it extremely difficult to quantify.pqsoible human

health effects resulting from exposure to PCBs alome.
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"V. Occupational Exposure to PCBs

The earliest reports of adverse health effects due to exposure
of workers to PCBs in this country are probably those of Schwartz

(1936) who described skin lesions and symptoms of systemic poisoning

- among workers who were said to have inhaled chloro diphenyls; their

'complaints included digestive disturbances, burning of the eyes,

impotence, and hematuria. Patch tests with the chlorodiphenyls
were negative, and Schwartz speculated that mechanical plugging of
the foliicles of the skin as the fumes solidified on it were respon-
sible for the skin lesions; the chlorine present in the products
were thought to then exert an irritating efféct on the plugged fol-
licles, and to thus cause suppuration. No quantitative data were

reported, but a number of preventive practices were recommended.

There have begn numerous reports over the ensuing.years
(Schwartz and Bartow, 1942), (Greenburg et al., 1939), (Drinkes
ot al., 1937), (Good et al., 1943), (Schwartz, 1943) and (Meigs,
et al., 195&} of cutaseous eruptions and of systemic manifesta-
tions (sometimes fatal) as well, among marine electricians,
nachinist§; capacitor and transformer manufacturing workers, and
others occupationally exposed to PCBs. However, in many of these
reports the exposures ars described as having been to mixtures

of chlorinated hydrocarbons, quite often of chlorinated naphthalenes

and PCBs.
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The gkin lesions described by Schwartz (1936) have come to be
designated generally as "chloracne." Chloracne can be produced by
a number of chemical combobnds, including chlorinated dibeniofurans
and certain isome:s of the chlorinated dibenzodioxins (Kimbrough,

1972). 011& akin‘and large pores seem to predispose to the disease,

 while the opposite is the case for smooth, tender skin (Kimbrough.

1974). Chloracne also has occurred among workers engaged in the

production of 2,4,5-T (Poland et al., 1971).

Part of the chloracne lesion resembles.adolescent acne, but
it is generally more-eevere; and .lesion distribution is inconsis-
tent with, although it may be superimposed upon, adolescent acne.
It is known that chloracpe can be produced by either the systemic
absorption of chlorinated biphenyls or the direct abplicatipn of
caloracnegenic compounds to the skin. Systemic effects sometimes
result after occupational chloracne has manifested itself; these
may include loss of appetite, nausea, edema of the face and hands,
abdominal pain, vomiting, and burning and soreness of the eyes.

No fully satisfactory explanations have been made of the develop-

. ment of chloracne. Chloracne is -generally very persistent, and -

there is no' preferred control measure. An excellent review of

this subject is that by Crow (1970).

The U.S. occupational standards for PCBs are: 8-hour time-
veighted average exposure limits of 1 mg/m3 (skin) for the 42X
chlorinated product, ;nd 0.5 ng/m3 (hkin) for the 54X chlorinated

product (CFR, Title 29, Part 1910.93). The N;tional Institute for

Occupational Safety and Health has under way the preparation of
169
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"eriteria for a recommended standard for occupational exposure to

polychlorinated biphenyls. In addition to an environmental exposure
limit, this document will provide'comprehensive recommendations
for medical surveillance, safe work practices, and engineering

controls to ensure employee protection duriﬁg occupational expo-

.sure over a working lifetime; it is scheduled for transmittsal to

the Department of Labor in late 1976'or.ea;1y 1977. NIOSH also is
undertaﬁing certain studies of employee populations (mainly in
U.S. capacitor factories) in order to better define the nature and
extent of any chronic and/or life-shottening effects of exposure

to PCB.

?ractically all of the currently available informat;on on
worker health and PCB exposure is found 1n.foreign literature.
For example, Karppahen and Kolho (1974) tepérted on relationships
between the concentration of PCﬁ's in the blood of all,'and in the

adipose tissues of some, of 29 persons in "good health"* from

*Kolho has stated that the capacitor plant workers received quar-
terly health examinations, and, in addition to the clinical examina-
tion wade at the time of the investigation, serum alkaline phos-
phatase, GOT, and GPT activities were determined; the 6 employees
with the highest blood concentrations of PCBs also had BSP excre-
tion tests performed. All results were normal. '

In view of claims based on animal experiments that PCBs can induce
liver microsomal enxyme activity, the authors also determined the
half-time of antipyrin before and after phenobarbital induction

(1 mg phenobarbital/kg body weight/day/3 days) for 6 capacitor
plant employees and 6 controle; no enzyme induction was observed.
Further, because of claims that PCB's have effects on steroid
metabolism, 4 capacitor plant workers were tested for ACTH (serum,
presumably); all results were reported to be within the normal range
(letter from S. Hernberg to A. C. Kolbye, Jr., 12/23/75.
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three different employee groups in Finland. None of the employees
had no history of occupational exposure to PCBs, six of them had
handled PCB sampies in an analyticél laboratory, and the other

eleven of them had been employed fér 6 years in a capacitor fac-

. tory where Aroclor 1242 was used as Ehe impregnating fluid. It

was stated that average PCB concentrations in the air of £he capa-

citor factory had not exceeded "i{nternationally accepted limits**,"

‘and that special attention had been given to skin protection.

Table 14 shows the observed tissue concentratins of PCB's; the
authors were unable to detect any biological effects of the approxi-
mately 50-fold larger PCB concentrations in the blood of the capa-

citor plant employees, compared to the "unexposed" control group.

Ouvw et al., (1974) conducted a survey to determine the degree
of absorption and the health effects of exposure to “elec*rical
grade" Aroclor 1242 (that "did not'congain any impurities") for
varying feriodq of time. PCB concéntrations in the air of a capa-
citor factory in New South Walesg, Avstralia*, were meagured, and
34 occupationally exposed employees (15 males, 19 females, ranging
in nﬁe from 33 to 55 years) ;ere examined and ¢tompared with volun-

tear controls (23 males; 7 females ranging in age from 20 to 50

*The Joint ILO/WHO Committee on Occupational Health, in its sixth
report (World Health Organization Technical Report Series No. 415,
1969), recommended for international adoption a "safe concentra-
tion zone" of 1 mg/m” for chlorinated derivatives of diphenyl.

kkAroclor 1242 is not manufactured in Australia (Ouw et al., 1974).
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TABLE 15 °

Concentration of PCB's

733124

' ‘ In blood In adipose tissue
Subjects Fat basis Fat basis
mg/kg mg/kg
Average Range Sample no
Workers in capacitor
factory 313 100-700 1 200
' | 2 11
3 160
.4 285
5 635
Persons handling
‘PCB's in analy- '
tical laboratory 53 33~-71 not analyzed
Persons without any
special exposure to '
PCB'B 5-4 306-909 1 2'3
-2 1.5
From Karppanen and Kolho (1974)
NEV 023069
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years) having no history of occupational exposure to PCB'a. Study
parameters included occupational and medical histories, PCB-in-
blood concentration estimates, and liver function (serum bilirubin,
alkaline phosphatase, total protein, and GPT, and BSP excretion)

tests.

The authors noted that exposed workers tended to complain of

eye, face, and skin "burning," that the PCB "'fume' ... has a

4 6hngent smell which often causes persistent body odour," and that

the employees with highe; blood concentrations of PCBa ‘complained
most of;en of the skin lesions (one case of chloracne, five cases
of "an eczematous rash on'" the iegs and hands), although there
‘appatently was poor correlation of blood PCB's with the severity
of the complaints. No significant health effects were observed
among those of the 34 workers whose blood PCB concentrations were

below 200 ppb.

There was a statisgically-aignificant difference between the
blood PCB concentrations of the exposed group and the control group
'(P less than 0.01). Table 15 shows the concentrations of Aroclor

1242 in the capacitor plant air prior to and after exhaust ventila-

tion system "improvements" had been made. (Thé Australian National

Health and Medical Research Council recbmmended (Atmospheric
Contaminants, 1970) exposure limit values of;l.OO mg/m3 for PCBs
of 42% and 54% chlorine content.lrespectively). Table 16 shows
that there was no lowering of blood PCB conceﬁtration among those
workers tested two_gonthé after.the installation of a more

023070
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TABLE 15

' -( ’ Arocloro 1242 concentrations in the air inside capacitor
- plant before and after improvement of exhaust
ventilation system

Aroclor concentration

No. Areas in the Impregnation Reom in mg/m3
Before After
1 Area in the unloading tank in
front of exhaust register from .
- operator's breathing zone 1.44 0.75
2 Area in the‘unloading tank not
in front of exhaust register 2.22 0.7
3 General atmosphere near tank 1.08 " 0.18
{
4 Soldering. area : 0.32 - 0.08

From Ouw et al (1974)
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TABLE 16

Mean blood Aroclor 1242 levels before and after
improvement of exhaust ventilation and the recommen-
dation to use "suitable impervious" gloves.

Mean blood Aroclor levels in ppb..

-Group Retention times relative to Aldrin I.

0.69 1.31 1.41

Before 281.6 135.1 58.41

" After 477.2 225.4 524.7
Statistical Not . Not Significant
differences significant - significant difference

difference difference
iy (P 0.01) ) 0.01) (P 0.05)
From Ouw et al (1974)
nev 023072
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efficient exhaust ventilation system and the conéomitant recom-
mendation to wear “suitable impervious gloves! in order to reduce
PCB absorption through. the ékin. The authors suggested that a.
failure to adhere strictly té the glove recommendation might explain
the continued e¢levation blood PCB levels. Another possibility
might be that 'i8s were continually mobilized from storage in

adipose tissues.

The Jspanese Ministry of Labor (ggkulation for the Prevention

. of Disturbances due to Specified Cliemical Substances, under the

Act for Safety and Healfh of Workers, of April 28, 1971) established
an occupational environmental exposure linit for PCBs of 0.5 mg/m3
at 25° C, one atm (Ad Hoc Committee, 1974). Japanese 1m?ortation
of PQBs commenced around 1950,‘and early uses were §s4dielectrics
in capacitors and transformers. In 1954, Kanegafuchi Chemical

Industry Co., Ltd. started PCB production in Japan and it was at

~ about this time that chloracne eruptions among workers were first

reported. Slightly -earlier (1953) 1ncident§, however, were reported
by Hara (1969), of changes attributable to PCBs. in blood and

urine findings among capacitor.factdry workers.

According to an Ad Hoc Committee sponsored by the Japanese

Environmental Agency (1974), PCB concentrations. in the air of a

‘Japanebe capacitor factory (where the major PCB constituent was

"diphenyl pentachloride") were found to range from 0.37 to 6.75

mg/m3; this was between the years 1953 and 1957, and prior to the

23073
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date vhen the aforementioned occupational exposure limit was promul-

gated. The'higheat concentration was measured where PCBs were

 heated to drive out entrained/dissolved air. Admittedly, the

analytical methodology for PCBs in those years was not as refined

as that now in use, but it is thought likely (authors) that some

employees were exposed continually at concentrations of several

milligrams per cubic meter.

The Janapese literature is said to have contained no further

reports on PCB-in-air measurements until the spring of 1972, just

. prior to the suspension of their usage. The production of PCBj

was discontinued in Japan in'June_1972,'gnd their importation was

.discontinued in the following September. At that time Hasegawa

et al., (1973) reported PCB measurements in the air of one PCB
(Ranechlors 200-600) production plant -(0.005-0.02 ppm), .four
capacitor manufacturing plants (Kanechlor 300 used) (0.01-0.05 ppm),

and one plant where PCB8 (Kanechlor 300) were used as a heat

- exchange medium (0.002 ppn). Peak values of 0.17 ppﬁ and 0.67

ppm, respectively, were found in a capacitor plant "air-riddance"
process area and in a capacitor impregnating area whece tank leak-
age had occurred. Estimated (étesumably 8-hour workday) time-
weighted average exposures of affected employees were 0.02-0.03
ppn; Airborne PCB® in the capacitor plants were reported to con-
sist of 70-80% vapor for materilal corteaponding to Kanechlor 200,
and of particulates larger than 0.1 micron for Kanechlor 300.

The autliors attribute?'the n vgpor/pargiculate mix}to‘:elective

evaporation of low Boiling components of Kanechlor 300. '

177
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Although no measurements were availdble, Hasegawa et al.;
(1973) estimated that environmental conditions in carbonless copy
paper manufacturing facilities (usiﬁg Kanechlgr 300) were roughly
similar to those found‘in capacitor factories., Beginning in
February 1971, PCBs. were phased out as the microcapsular solvent

in this process, being replaced by. "SAS" or KMC—oilﬁ" however,

during the period from November 1972 to January 1973, when occupa-

tional health surveys were being performed relative to SAS or KMC-
oil toxicity, PCB concentrations of 0.013-0.4 ppb were measured in
the environments of these facilities. General environmental con-
centrations of PCBs: atlthat time wére less than 0.0005 ppb, and
outdoor PCB concentrations around the faciiities were 0.0043 ppb
(Hnaegaqa et al., 1973) and 0.009 pﬁb (Sato and Hasegawa, 1974).
In an office room where carbonless cop§ paper was uée&, an air
concentration 1.1lmcg PCB/m3 was measured, and in the carbonless
copy paper storage area of a post office, PCB concentrations of

8.7-21.1ncg/m3 were detected (Nishiyama et al., 1973).

The Japanese Ministry, in its "Regulations for Physical
Examiﬁations for the Prevention of Disturbances due to Specific
Chemical Substances," promulgated on October 14, 19;1, advised
PCB users to examine employees for dermal and hepatic "symptoms"
and their anamneaia; "gubjective symptoms" such as anorexia and

asthenia, and urine urobilinogen, in the first (pre-employment?)

physical examination, and to "survey" working conditions, blood

tests and liver function tests in the "secondary” (periodic re-?)
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examination. A 1973 notice aditaed ihose users of PCB's ;s heat
exchange fluid; to perform comprehenaive‘health survef{llance
(Environmental Aggncy-of'Japan 1974). Yamamoto (1974) reported
“positive" findiﬁgs in 37 employees of 323 (total employment = 706
in 51 establishments) who were given "special" physical examina-

tions in 1971.

Hara (1969) repérted a 20-30i incidence of dermal “symptoms,"
congisting of "diatinctiv; hair follicles" in exposed areas such as
the face, neck, and forearm, and pimplg-iike skin eruptions of the
face and neck, among empléyees in a’capacitor factory that had been

in operation between 1953 #nd‘1963 (pentachlorobiphenyls) 1953-1957;

Kanechlor 300, 1958-onward). No other, e.g., hepatic, dysfunction

was observed, and no quantitative information was reported in the

"reference from which the preceding report was obtained; however,

in a follow-up survey of workers in capacitor factories, Hara et al
(1974) reported that by one.year after the suspension of PCB usage

skin fiﬁdings had become milder;

Hagsegawa et al..'(19?3) reported on a 1972 survey ofvcapacitor

- factories, in which they noted fhat persons working in environments

that contained 0.2-0.3 mg PCB'a/m% (0.02-0.03 ppm) showed dermatologic
ailments that included "brown chromodermatosis™ of the dorsal joints

of the hands and fingers and nail bed, and "acneform examthema.".

~Seveta1'caaes of comedo or acneform exanthema of the jaw, back, and

thighs were seen alio.‘_These signs were no longer observed one

month after the cessation of the handling of PCB's.
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In a factory where Kanechlor 300 was empleyed as a heat
exchange medium, the environmental concentration of PCB's was
reported to be 0.02/mg/m3, and‘no dermal manifestations were observed
among ita employees (Hasegawa et al., 1973). Nor di& Hashimoto
(1976) cbserve any abnormalities among 236 worke;s in such a
facility, to whom he administered "examination centered around liver

function tests." .

In 1972, when Hasegawa et al., (1973) performed a health sur-

. vey of workers in carbonless copy paper factories, i.e., 2 years

after the use of PCBS in such processes had ceased, they noted

no dernnl effeets. and no liver function, blood, or urine test
abnormalities were seen, with the'exception of "slight abnormalities
in 1lipid metabolism". PCB levels in the blood of these workers
were reported as "approximately 0.01-0.02 ppm," or what amounted .
to a decrease to 10X of the levels during the period of PCB usage.
Tﬁe authors' data indicated that PCBs collected from the work
atmogphere had apparently degraded to a product containing one
less chlorine atom than the average number of chlorine atoms.

in the PCBs handled in the factory, and that, conversely, the
PCBs found in theOUOtkera' blood contained one more chlorine atom
than did the PCBs handled in the factory, i.e., if the PCBs

found in tﬁa workers' Blood were inhaled at the workplace, it can
be surmised that the di- and trichloro- biphenyls dieappeared

rapidly from the body, whereas the tetrachlorobiphenyl was metabolized

-alowly.
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Hasegawa et al., (1973) concluded that blood analyeis is a

‘feasible method for determining body burdens of PCBs, and “pro-

bably more useful than thé technique presently used by extracting
adipose tissue and using it for PCB;" urinalysis for PCBs did
not appeal to ghem as a viable monitoring method. They noted, how-
ever, that there was no eorrelétion between length of employment

(and presumably, duration of exposure) and the amount of PCBs

accumulated in the blood, i.e., with continued exposure, PCB levels
in the blood did not increase linearly; in light of the demonstrated

slow excretion rate of PCBs from the hody, the authors conjecturéd

e e e

e e ety -

P

- that some different biotransformative mechanism comes into play

. after blood PCB levels exceed approximately 1 ppm (perhaps fat

‘storage). This would seem to belie their confidence in blood

analysis as a reliable index of exposure.

Kitamura et al., (1573) reported that the m;an PCB level

in the blood of 10 capacitor factor} workers was 0.82 ppm (0.32-
2.1 ppﬁ) 1mmediate1y.after the cessation of PCB’usﬁge, and 0.31
ppr 3 months later, when almost all of tﬁe subject were observed
to have skin signs. It seems significant that the blood PCB con-
centrations obaserved in ;his.study vere acve;al'fold higher than
those seen by Hasegawa et ai.; @as973). Kitamura et al., (1973)
attributed the skin effects to PCB's accumulated in the workers'
bodies during fhe period of Pcnvnqaée. vNo other atnormalities

were reported.
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Sagami et al., (1973) reported ﬁhe.caée of a housewife 1n'
vhom they observed siin effects cevergl years after she had left &
years of employment in a capabitot factory. She was found to have
PCB concentrations of up to 0.13 ppm in her blood and of 42 ppm in
sanmples her subcutaneous adipose tissue; this contrasted sharply
with the fiédings of Hara ét al (1974) that the blood PCB levels
of 3 workers who remained at’thn same factory had decreneed_to 0.05
ppm and below, one year after the cessation of PCB usage (from
levels of 0.05-0.3 ppm during the time of PCB usage (Hasegawa et al.,

1973).

N.B. Some capacitor manufacturers in the U.S. use epoxide-type
alkylating agents as additives to prolong the service life of
PCBs. - EPA gec. 308 responses from the General Electric Co.,

probably contain identifying data.

VI. Air and Water Exposure to PCBs

Aa indicated previously, nominal human exposure to PCB 8 in
the u.s. population may occur fron air and water. Samples of
lnbiunt air were collected in guburban areas of Miami, Florida;
Jackson, Mississippi; and rort.0011ina, Colorado. Preliminary
geahlis (Xutz and Yang, 1975) for samples taken in April, May and
June of 1975 show that PCBa were pteuent‘at all locations. Although
the data vatied; the average concentrations at each gf the three

locations was apbtox;nately 100 nanograms per cubic meter. Initial
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identification of the PCBs: indicated that they were most com-

parable to the Aroclor 1254 standard.

Dennis (1975) ﬁas reported that data gathered from monitoring
activities of sprface waters and bottom sediments of the major
drainagé basins of the United States indicate the widespread
occutreﬁce of PCBs in both surface water and bottom'deposits. A
preliminary assesament of PCB levels shows mean residue levels in
water ranged from 0.01 to 0.05 mcg/liter. The 0.05 meg/liter
wvere found in the Souéh Atlagtic Slope and Eastern Gulf of Mexico -
drainage basin.' In general, the loweat PCB residue levels were

found in drainage basins west of the Mississippi.

Kleinert (1975) has summarized the work completedl by the
Wisconsin Department of Natural Reaoufces to identify some PCB
sources in the environment in Wisconsin. Effluents from cooling
water in aluminum foundries contained PCBs ranging from 11;5 to
335 ppb."Investigations revealed'fhe common source to be leakiﬁg
hydraulic fluids containing PCBs which were u;ed in die cast
machines. Effluents from paper gills that recycle vas:;papers

has measureable diascharges ranging from 0.01 to 25 ppb.

Snow yanplea (Xleinert, 1975) éere collected early in 1975.

Analysis of the snow melt vatar'fron Racine;'xenoaha. Madison, and

Milwaukee revealed concentrations from 0.17 to 0.24 ppb. The
author concludea that these values suggest that fallout of PCBs

from the air may be a principal source of PCBs entering the waters
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of the State.

Hesgse (1975) indicates that similar to the studies in
Wisconsin, not all 1ndustrialleff1uénts tested in Michigan contain
measureable PCB levels. In testing over 900 industrial samples,
apbroximately 40 percent cbntainéd‘PCBs above the 0.1 mcg/liter
laboratory sensitivity limit. Twenty-three percent of the indus-
tries tested had greater than 0.5 ncg/liter, 18 percent greater
than 1 meg/liter, 6 percent greater than 10 mcg/liter and 2

percent greater than 100 meg/liter.

Although much of thé PCBs entering municipal waste\treatment
f.cilitiea are removed and become incorporated into the waste
sludge, a sampling of 58 municipal wastewater treatment plant
effluents throughout Michigan in 1973 showed an average concentra-
tion of 0.52 mcg/liter. Concentrations of PCBs are much higher in
the sludges. The average for all plants was 15.6 mg/kg with
individual values as high as 350 ns[kg.- Since sewage sludges
are éomnonly disposed of by incineration. spreading on agricultural
land, or placing in landfilis. the addition of PCBs to the environ-

nent is 6bvioua.

VII. Residues of PCB's in Human Tissue and Milk

Yobs (1972) has reported that 31.1 percent of 637 samples of
Buman' adipose tissue collected froﬁ'thg general population as part
of the Human Monitoring Survey during 1971 were positive for PCBs

in measureable amounts. These samples were collected in 18 states
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and the District of Columbia and pogitive samples were obtained

from each of the sampling states and District. The percentage of

~ PCB levels ‘ranged from 34.2 percent non-detected, 33.3 percent

less than 1 ppm, 27.3 percent 1-2 ppm and 5.2 percent greater

~than 5.2 PpPm.

Kutz and Strassman (1975) have described the results of PCB
monitoring during fiscal years 1973 and 1974 in which 35.1 percent
and 40.3>percent. respectively, of the tissues collecped containeq
levels of 1 ppm or mare of PCBs on a net-weight basis. Analysis
of the tissue revealed that'the compounds found in adipose tissue
were most comparable to those prevalenf'in Aroclor 1254 and Aroclor
1260. Additional analysis indicated that the most frequently

encountered PCB residues were penta-, hexa-, and heptachlorobiphenyl

compounds.

Residues of PCBs have also been detected in a study of human
milk collected in Coiorado where 8 or 40 samples contained residues

ranging from 40 to 100 ppb (Savage et al., 1973).

A study of adiposze tis;pe samples collected at autopsy ftop
Canadians (Grant et al., 1975) indicates that the majority of
Canadians have adipose tissue residues of 1 to 2 mg/kg of PCB.
All adipose tissues had detectable levels of PCBs and 30 percent

of the samples had PCB residues greater than 1 mg/kg with a range
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of 0.11 to 6.60 mg/kg. PCB residues in humsn milk from Ontario

residents were found to be approximately 1 mg/kg on a fat basis.
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HUMAN EXPOSURE TO THE POLYBROMINATED BIPHENYLS

"I. Introduction and Background

The polybrominated biphenyls

(?BBB) in this report refers

‘to elther Piremaster Bf-é or hexabromobiphenyl manufactured by

Michigan Chemical Corporation for use as 2 flame retardant for

thermoplastics. This product is a mixture of brominated biphenylé

with an average bromine content equivalent to about six bromine

dt;ms per biphenyl molecule. Firemaster BP-6 is a miiture of the

* following brominated biphenyls():

Tetrabromobiphenyl 2.0%°
Pentabromobiphenyl 10.6%
Hexabromobiphenyl 62.8%

Heptabromobiphenyl 13.8%

Other bromobiphenyls 11.4%

' The Michigan Chémical Corporation has stated that to their

knowledge Firemaster BP-6 is the only polybrominated biphenyl

‘produced in commercial quantity in the U.S. Their production

estimates are:

Year

1970 .
1971
1972
1973
1974 .
(Projected)

Pounds

20,000 .
- 200,000
2,300,000

. 3,900,000
' 4,800,000
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FPiremagter BP-6 has been used as a'flaﬁe retardant in the
manufacture of typewriter, calculator and microfilm reader hous-
ings, radio and TV farts, miscellaneous small automotive parts and
small parts for electrical applications. The use of Firemaster
BP-6 has been restricted to those applications where the end-use
proéuct 18 not exposed to either.adlnal feed or food and there is
n6 known use in flame retarding fabrics where human exposure

would occur (1).

The ultimate disposition of Firemaster BP-6 upon burial is
uncertain. The Michigan Chemical Corporation has stated that in
their opinion this material will eventually undergo oxidative/

Biological degradation forming carbon dioxide, water and bromide

ion (1).

II. Human Exposure

In October of 1973, adverse health effects were observed in
cattle in 6ev§ral dairy ferds in the St;te of Michigan. At that
time, the cattle refused to eat manufactured feed; milk production
decreased; there was a loss in bbdy weight and the cattle d;veloped
abnornnl.hoof growth vith.lanensa;; cattle and swine aborted; and

farmers reported the 1nabil£ty to breed heifers ;fter they consumed

_ feed manufactured by Farm Bureau Seryicea. A herd of some 100

head of cattle sent to slaughter during this time period.

exhibited enlarged livers.
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Analysis of samples of the suspected feed by ldboratéries of
the U.S. Department of Agriculture at'Beltsville. Maryland,
fevealed that the feed was contaminated with a flame ;éfa;dant
chemical, hexabrominated biphenyl. Subsequent investigation
reveaied thgt the Michigan Chemical Corporation manufactured
magnesium oxide, a dairy feed supplement sold under the tradename
Nutrimaster, and a flame retardant, hexabrominated biphenyl, sold
under the tradename Firemsster BP-6. both 6f these p;oducts were
distributed in brown paper bags with either the name Nutrimaster
or Firemaster stenciled across the top of the bag. When the top

of the bag was torn off and diqcarded, identification wvas essen-

tially lost.

As the result of § mix~up in bags, Firemaster BP-6 was mixed

with animal feed in place of the Nutrimaster, apparently in the

same proportion'of use for the Nutrimaster. It appears that three

kinds of feed were initially involved in this episode with PBB levels

as follows:

Feed No; : PBB (ppm)
405 2.4
410 . 1,790
407 4,300

‘Samples of milk collected from individual farms soon after

‘the PBB was identified as the contaminant ranged from 2.8 ppm on
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a fat basis to 270.5 ppm on a fat basis. Other products seized

and destroyed included:

Butter Range 1-2 ppm
Cheese 1.4 - 15.0 ppm
~Canned wmilk ' 1.15 - 1.62 ppm

"It has been estimated that between the onset of contamination
in the fall of 1973 and the establishment of the quarantine of
affected herds and flocks in the spring of 1974 over 10,000
Michigan residénts have been exposed to PBB Fhrough_the consumption
of contaminated milk, meat aﬁd other dairy products. A considerable
amount of variation in exposure ﬁas.proabably occurred in both
length of exﬁosure and levels of'expoéure. As a group, the farm
family members have been at greatest risk followed by.thqse indi-
viduals who purchase? dairy products from contaminated farms on

a regular basis.

In order to determine whether or not persons exposed to PBB-

contaminated products had suffered any acute adverse health

effects, the Micﬁigan Department of Public Health undertook a series

‘of studies in the summer and fall of 1974. Study participants for

the exposed group were ‘dairy farm reeidents from farﬁs thch had
been quarantined by the Michigan Department of Agricultufe. The
exposed subjects were limited to those who had lived or worked on

the quarantined dairy farms for more than six months since May

2
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of 1973. Non-exposed suhjects were randomly selected from a list

of dairy producers in the same geographical area where farms had

not been quarantined.

A total of 298 persons were interviewed in the study and
physical examinations and/or blood samples were obtained for

110 peérsons in the exposed group and 104 persons from the control

_ group.

The Michigan Department of Public Health has reported (1975)
that responses to a-get of 24 gpecific medical coqditiona revealed
that none of the health complaints occurred congistently in either
of the study groups. Statistical analysis showed that none of the
listed complaints was aignificantly more frequent‘in those persons
with the highest PBB levels when compared to otﬁer study subjects.
Physical examinations of adults and children shoved’no unusual
abnormalities of the ha@rt, liver, spleen or nervous system.
Urinalyses and complete blood counts did not reveal a significant

excess of unusual abnormalities related to exposure or PBB levels.

' These studies showed that hlood levels of PBB were significantly
higher in the study subjecta from quarantined farms as compared to
those from the non-quarantined farma; although. some subjects from

the farms showed low PBR blood leyels (Table 13I).

Several exposed females delivered normal bahies without
complication. Tests showed concentrations of PBE in breast milk
to be considerably higher than that found in paired Blood plasma

(Table 18).
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Table 17

Distribution of PBB Blood Levels, Michigan, 1974

PBB Blood Levels (pgg)

Quarantined Farms
Adults Children
No. X No. %

0
0,002 - 0.019

0.020

0.090

0.100 - 0.490

0.500 - 2.260

TOTAL

3 3.7 - -
43 52.4 8 28.6
19 23.210 35.7
11 13.4 3 " 10.7

6 7.3 7 25.0

82 100.0 28 100.0

Table 18

Nonquarantined Farms

Adults Children
No. X No. X
21 28.4 - -
52 70.3 29 96.7
1 1.4 1 3.3
0 o o o

0 o 0 0
74 100.1

Comparison of PBB Concentrations In

Human Breast Milk and Blood Plasma

Date

12/74
6/74'

10/74
3/15
3/75

PBB Levels (ppm)

Breast Milk
-10. 800
22.700

1,800 -
.210
92.660

" .082

.252
.014
.003
1.068

Blood Plasma

30 100.0

.Paired samples of adipose tissue and blood were collected in a

group of 13 individuals entering the hospital for surgical procedures.

The concentration of PBB in adipose tissue ranged from 61 to 370 times

(Table 19).

" the PBB value found in blood plasma with. an average ratio of 175 to 1
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TABLE 19

(;} ‘e ‘aggzsa:::on of PBB Concentrations in’
~ pose Tissue and Blood Plasma
PBB Levels (ppm)
Date Adipose Tissue Blood Plasma
. . 1174 .410 .002
6/74 - 1/75 © 1,400 . .005
3/75 3.000 .012
3/75 174.000 1.068
— s 268 .002
‘ 3/75 ’ . 274 ’ .003
" 41715 ‘ 177 . .003
4175 152 ~.003
4/75 1.140 .004
4/75 .808 .004
(" 4175 .530 .007
. 4/75 .210 .003
8/75 1.110 ..003

Reports of health compiaints sﬁch as numbness, stowach pain,
headache, fatigue and anxiety continue to be reported in the ;arious
newspapers in Michigan. Reports have also appeared in the press that
several physicians in Michigan have reported abnormal liver function
tests in patients experd to PBB. Attempts to verify these reports

with physiciano have been unsuccessful,

@
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Appendix A
C CHLORINATED AROMATIC CMPOUNDS
(. . REFZRRED TO IN CHEMISTRY REPORT
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~ : POSSIBLS DERIVATIVES 7053750
c . . 2
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Chlorinated o
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{ cl,
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