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Chemistry

The great complexity of PCB commercial mix-
tures has provided the difTicull task of scpariing
the components of these mintures and determining
the complete idenisty of the compounds Efforts to
define these miatures have been gquite successful
over the past several years (/). Identfication of the
component chemicals in PCB residues presents
another dfficult problem. Litle progress has been
reporied in this arca. Since the fate of components
of commercial PCB mixtures entering the environ-
ment cannot be followed direetly. inferences must
be drawn about chemical alteration of chlorinated
bipheny! componnds 1n the environment mainly
based on laboratory studies.

The known resistance of aryl chlorides to chemi-
cal oxidation and hydrolysis presumably was a
major factor in the promotion of PCBs for industnal
uses. Exposure (o nonmetabolic environmental
agents is unlikely to result in significant oxidation or
hydrolysis of chlorinated biphenyls. However.
since appreciable photoalteration of chlorinated
biphenyls has been observed using esther sunlight or
sunlight-simulaung lamps in the laboratory (/) as
cnerpy sources, it 15 highly probable that photo-
chemical changes oceur in the environment. These
photochemical studies have indicated that1eductive
dechlorination to biphenyls of lower chlorine con-
tent is a predominant alteration route although for-

* Members of the Subcommilice: A, C. Kolbye (Chawman),
Food and Drug Administration, 200 C S, S, W,. Washinglon,
D C. 20204; ). L. Buckiey: 3. Rurke, F. Cordic: I'. Comehus.
sen; D, Faestone: L, Hishban: G, Flamm, G, F, Fries;
A. Gardner; L. Gatthoff, 11 Gerstner, J. A, Goldsiemn:
B, Hacktey: C. F. Jutineh: L. hasza: R, Kimbrough: T, E,
Kopp: Y. Ku, R. L. Lelman, W Marcus: H, 8. Aaihews!
3. D, MeRinney: J, MeLaughbing 3. AL AMoore; t L Pomeraniz,
K. A Rhoden; ) A Rouch: § Shibla; R E. Shapire, K. H,
Teshe: and WV, Trolter.

June 1978 .

mation of more polar compounds, including a
chlotinated dibenzofuran, has also been reparied (f,
2). The diverse conditions of the environment make
it difficult to predict accurately the end products
and rales of pholoalteration of chlotinaied
biphenyls. From a companson of carbon-halogen
bond encrgies, brominated biphenyls might be ex-
peeted to be more readily altered by hght than
chiorobi >henyls. But because of the lower volautny
and different end uses of bromobiphenyis, they may
not be as readily exposed 10 hght as the chlorinated
analogs.

A typical PCB residue from fish resembles the
Aroclor [254 mixture more closely than it does
other Aroclors (2, 4). Considering the major com-
ponents of Arocior 1254 (5). # appears thal penta-,
hexa-, ond heptachlorinated tiphenyls tend to con.
centrate at this trophic leve! in the biosphere, 1is of
considerable interesy, therefore, 10 carry out com-
parative accumulation, metabolism and lowicity
studies emphasizing these higher chlornnated
bipheryls using compounds of known chlonne sub-
stifution patiern. Individual chloninated biphenvls
are now quite accessible throuph synthesis and re-
cent studies have bepun Lo obtlain these 1ypes of
biolopical data.

Studies with the use of a group of five symmetri-
cal heaachiorobipheny! isomers in chicks (6) and 1n
mice (7) indicated that distinet difference in toxicity
are possible and thesc differences could he refated
to structure. The isomers with chlorine substituents
in the 4,4" positions appcared to accumuluic mose
rapidly in adipose tissue and showed wncrensed ac-
tivity in the liver and greuater overall toxicity 6, 8).
Comparison of two pentachiorobiphenyls in laviag
chichs again indicated the one isomer with 4.4'-
subsulution 10 have greater lovc effects (¢, /0).
Structure-activity relationships, particularly for
biphenyls known to be muyor componcnts of com.
meteial PCB inintures, conld be useful in assessing
the potential hazard of these compounds,
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A major part of determining human cxposure 1o
PCR tesudues it fouds s eviduaiing the adegquacy of
the nnalytical methuidology used and the sipnifi-
cuncc of the data abtained, The methods applicable
to PCU dJeteymunation are compley and o be judged
adeqginte should give acceplably reproducible te-
sulls 11 the hands of experienced unalysts, The de-
gree of success of interluboratory collaborative
studies helps measure the adegquacy of a meibod,

PCB residues nic mullicomponent mixtures
Many common chilorinaded pesticudes are extracted
from samples alung with the PCDs oceduies for
scparalion of PCH residues from mterfenng pes-
licitle s therelare become mmportant as a prerequisile
to grrantitalion. Severud dilferent quanutation iech-
niques have been wused (/). Compansan of PCB
residue data iy difficolt where standardhzation of the
quaniituation procedin e 15 Jacking,

I1 has bren shown thitl recovery of PCDB mixtures
purposcly added to food samples, using commonly
applied analyuical methodology, viuies with the av-
trape level of chlorination. Recovenes iend 1o de-
crease with increasing chlorine ievel (//1.

Analytical procedures for determination of PCB
and PBB (ihe latter is predeminamly a hexa-
biomobiphenyl) 1esidues are essentially similar.
They difTer somewhat in cleanup of the extract and
in the use of a higher column temperature for gas
thromatograpbic dererntimittion of the PR B residue,
The limit of quantitation for PCBs is gencrally 0.2
ppm for individual foods and about 0.05 ppm for
total dict composnes based on Food and Drug Ad-
ministration methodology. [For PBB residues, the
limit of quantitation s approximaiely 0.05 ppm in
fats and 0.0} ppm n nonfalty foods. Interlaboratory
studies of analytical methods for PBB determina-
tion have uot been reported.

The chlomated dibenzofurans (CI-DBFs) have
become a focus of concem as vhe class of contami-
nan!t compounds in commercial PCBs most likely to
coniribute significantly to the toxicity of the PCB
mixture. This concern presumably sfems mainly
from the demonstrated toxicity of 2.3.7.B-tcira-
chlos odibenzo-p-dioxin and the similanty in struc-
ture between dibenzo-p-dioain and dibenzofuran
(/12) and from the few toxicily data 1hat have been
publishied for Cl-DBI%s (4/3). Recent data indicated
the toxicity of 2,3.7.8-1etrachlorodibenzofuran ap-
proaches that of the analogous dibenzo-p-dioxin, it
Yeast in clucks und in puinea pigs (M). I the chlori
nated dibenzop-dionins can serve as an example,
chlarinated dibenzofuran toxicity can be expecled
1o vary with number and position of chlgrine atoms
on the parent ring system. Relationships hetween
structure and toncity will emreige as more CLDBT's
are synthesized and tested fon toxieny,
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A range of CL.DBFs (from dichloro through
hexachioro) have been reported in various Aroclors
(/5. {6} and two specific conipounds, the 2,3,7.%-
tetrachloro- and 2,3.4.7 8-pentachiorodibenzo.
furans. have been identified (/7). Quantitition of
Ci-DBF contaminants in PCYB mixtures. a dulficolt
procedure, supgests total CI-DBF levels in the jow
parts per million range (16, 78). The presence of
Cl-DUF in a synthesized, individuad, syameincal
chiorinated biphienyl has been reporied (1 9).
Chemical  analysis  of these individuul
chlorobiphenylc may be necessary prnar to thewr use
in toxicologrenl and other biolopica! studies.

There have been no pubhished positrve findings of
Ci-DBFs inenviionmental samples orin foods other
than rice oil. The finding of CI-DBFs in such sam-
ples would not necessarily implicate commercial
PCBs as the source of these contaminanis, since
CIl-DBFs (genewally the higher chlonne levels) have

‘been reported in other industiial chenvicals (20-22).

It is nlso possible that CI-DBT's may be formed or
altered in the caviroament,

Metabolism and Biochemical
Toxicity

The effect of PCBs and PBBs on the hepatic
mixed-function oxidase (MFO) enzymes has been
the most thoroughty studied of any biochemical pa-
rameter that they are known to alter, On a molar
basis. the PBBs arc approximately [livelold more
potent vhan the PCRs in inducing increased fevels of
the MFO enzymes (23). Among the PCBs It appears
as il their potency increases with increasing chion-
nation and ¢chlonne substiution in the pura > orthe
> neta positions respectively (24} However, this
induction of the MFQ enzymes is nol unigue io
these compounds, and the induction observed is
well within the range observed with many other
xenobiotics. The PCBs are somewhat unique as
MTFO inducers in that they induce the formation of
both Type | and Type t1 P-450 (2.5). but thus induc-
tion may have been due 1o the fact that the commer-
cial formulation used in the study was a nuxture of
twenty or more PCBs which were metabolized to an
even greater number of metabohies. In addiion,
maay, if not most commercial PCB formulations
eontain trace amounts ol chlannated dibenzofurans
(26). These compounds may be up to 170 times
more polent as MFO inducers than the PCBs. The
chlotinated dibenzofuran coneentration of Ameri-
cant PCB formulations is usually quite low when
they arc produced: however, the clfect of long-term
exposure is unknown. In any case, since induction
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of the MO cnzymes may result in increascd hor.
mone metabolinm or carcinogen activalion. capo-
sire to the PCHs und PBBs should be lmited on
that basis ilone.

PCBs and PBB« administered ure relatively high
concentrations, usuatly 50 ppmor higher in the diet,
1o laboraiory ammals hive been shown to cause
porphyres (27, disfunction of the thyrow! (28}, wihi
bition of vaiious enzymes (29}, changes in the hver
o body weight ratios (30}, vanous disorders of the
tiver (34), and to aler the level or ulilization of cor-
ticoslerowds {32), and vitamuns A, D, and B (33-35).
Certain of the jess chlonnated PCBs have aiso been
shown to have a nuld cstrogenic effect when tested
in the immature rat and mouse (36, 37). However.
most of these puameters have not been studied in
sensitive specics or demonsirated at low eaposure
levels in Jaboralory animals,

The avatlable data imply that the PCBs and PBBs
containing sia or fewer hajogen atoms are readily
absorbed from the gut of higher anunals. The aviul-
able data also imply that the PCBs wmie not eacreted
to an appreciable extent prior to metabolism to
more polar compounds. and that long-lerm PCH
storage is in the skin and adipose ussue (38). Studics
of PBB metabolism arc not yet available. Since tis-
sue samples from birds and mammals with known
exposurcs 1o PCBs vsually contain only those PCBs
with five or more chiorme atoms, it is assumed that
the less chlorinated PCBs have been metabolized
and excreted. On the other hand, there ts litile evi-
dence that fish can metabolize any PCB, and an
analysis of fish tissue usually shows a PCB pattern
very similar to that to which the {ish were ¢exposed
un.

Laboratory studies have demonstrated that the
rale of PCB metabolism and thus cxcretion is ap-
proaimately inversely proportional to the degree of
PCB chlorination so long as th-ie are two adjacent
unsubstituted carbon atoms on the biphenyl
molecule, When (wo itdjacent unsubstituted caibon
atoms are not present the biological half-hfe of the
given PCB may be a matter of years and accumula-
tion of high tissue concentrations with conlinued
exposure is inevilable (38). U should be noted that
the major constituent of Firehlaster BP-6 does not
have two adjacent unsubstituied carbon atoms and
that the corresponding PCB has been shown to have
an cxtremely long half-lifc in the jubovatory rat and

probably the human population as well,

1t should also be noted that meibolism can also
result in fusther complications of the PCB problem,
because those PCBs which e mast readily
metabelized and excreied are those which are most
likely 1o be metabolized via arcne oxide inter-
mediates. Whereas the reacuvity of arene oxides
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varies greatly and often ulimately determines the
toxicity, mutagemicity, o carcinopenicy of the
parent compound (19}, the PCBs offes such a runge
of degice and position of substitution that #t would
not be unlikely to find that one or mare of these
PCD metabalitesy would have the proper suibday 1o
be o mutagen or acarcinogen Thus a move fiom the
more highly chlonnated PCB formulations to the
less cliforinated ones may help solve the long-term
ressdue problem only 10 intensify other problems

Animal Toxicology

Gleaning the information that is now available on
anumal toxicology makes it obvious thm different
commetcid nuxtuies of PCB< chicit different towie
responses i animals, and that different animal
species vary in thowr suscoptibihty to the toxe ef-
fecis of PCBs. Reproduction 1s severely affccied
munk at a dictury fevel of § ppm Aroclor 1254, and o
shght effect is still noted ut i dictary level of | ppm
(40). In rhesus monkeys reproduction was reduced
ata dictary level of 2.5 ppmiof Aroelor 1248 @) In
rats a dictary level of 20 ppm Aroclor 1234 de-
pressed reproduction. while in the same rat stiam
(Sherman}, in a study conducied simutbancously in
the saume luboratory, a dictary level of 500 ppm
Aroclor 1260 was necessaty to reduce reproduction
42). In comparalive studies done with Furopenn
products, Phenoclor DB6 and Clophen 460, and the
Amencan product, Aroclor 1260, the Luropcan
producis were more toxic to chickens than the
Amcrican product (4.3). The dufference in toxicity in
this study was attributed to contamination of the
European pioducts with chlonunated tibenzolfurans
and perhaps chlorinated naphthalencs. However,
the differences i the effect on reproduction by the
dfeient Aroclors are compared, the con*amination
with chlorinated dibenzofw ans may not be the dec-
sive factor.

Hepatic porphyria has been produced in a
number of specics, namely the chicken, rabbit,
Japanese quail and tat, by a number of commercial
mixiurces, such as Clophen A60, Phenoctor DG, and
Aroclors 1016, 1242, 1254, and 1260 (27, 43-46)
Hepatic poiphyria has not been repoited in the
monkey, mink. or human, which arc specics quite
susceptible 1o the toaic effcets of 'CBs in other
ways. Aroclor 1254 and Aroclor 1242 produced he-
patic potphyriain the female tat at doses lower than
Aroclor 1016, Again. dilfer cnt commeraint mextines
produce this toxic elfect at different chosnpe levels.
The hepatic porphyiia occurs concontitantly with
an incrcasc in ALA synthetase in the hiver Mixed
function oxidases are atso induced in the tiver and
comparative studics with PCB isomers have
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supgested that if the 4.47 positions on the biphenyt

ring nre occupicd by chlurme atomns the effect s

most prononnced {£7).

The liver is the primany target otgan for PCBs in

the rat, Early changes mchide hepatomegaly, with a

conconulant increase i smogth cndoplasume re-

ticuhuon, hped accumulahon at hipher dietary levels

(20 ppm For Aroclor 1254 and 12600, and ultrastiuc-

tural changes such as atypreal mitochondna and the

formation of “fingerprints™ {conccnincally ar-
ranged membranes swirounding fipid vacuoles) in
the hcpatic cytoplasm. Anangrcase in antotie fig-
vres and celi breakdown arc incieasingly notcd with
cithet higher doses or Jonger eaposine 48) These
changes arc not as pronounced with Aroclor 1242 or

1016, Similar changes have been repoited in the
primate (/).

In the mouse, liver tumors have been produced

wilh Aroclor 1254 (¥9) and Kancchlor 500 (50} and
in the rat w.th Kancchlor 400 (3/) and Aroclor 1260:
Soinc umors have also been produced with Aroclor
1242, 1254, and 1260 (52} tn rats in a separate study.
In one stndy with Aroclor 1260, some of the tumors
were classified as hepatocelilar catcimomas (7).
The diciary lcvels of the PCBs in all of these studies
were 100 ppm or more, a high leve] when compared
to the daily average human intake of PCBs but not
very high for subgroups with a high intake of fish
from polluied waicrways or  some occupaiional
situations. This s emphasized by the fuct that the
dictary tevels which produce 1umors and ihe 1ela-
fively low dictary levels which aflcct reproduction
(2.5 ppm in the monkev and | ppm 0 the mink) of
some commercial PCB mistures do nol represent a
no-cffect {evel. It is presently not koown what the
no-effect levels are. Other uncertaintics contribute
to these problems. The Yurho oil which caused a
poisoping outbreak in Japan was not only contam-
inated with PCBs but also with high levels of chiori-
naled dibenzofurans,
- In the primate, in addition o the effect on the
liver, the gastric mucosa (33), the skin, and the
Mcibomian glands are also affected at compara-
tively low dictary levels and the bone marrow is
depressed (471, while the gastric mucosa of the rat is
affceted only at exceedingly high doses "(@9).
Whether the dog also shows an effect on the gasirie
mreosa ueeds clanfication. In the rubbit, atrophy of
the thymus is a toxic manifestation in addidion 1o
liver patholopy &), Fluid accumulntion occurs in
primates, chickens, and finches. The lymphatic
systeny is alse affecied in minks.

The few studies condueted with some hexa-
cllorobipheny} isomers demonsirited that the
3,4.5,3",4" 5 -heanchlorohiptienyl was the must
toxic while 2,3,6.2",3",6°-henuchlorobiphenyl was
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the least toxic isomer {7) Penfa-, hexa-. and hepta.
chlorobipbenyls are prefercatally retmned n
manmmabinn achipose hissne for extremely long
periods af time @§) at fnly toph concentrations m
the 1at for arccovery period of 16 months Whether
this has an mfluence on the Wity of PCB max-
tures has not been detenimined.

The tove effcets of the contaminants of PCh
have aot been extensively studicd While it is as-
sunied that chlosnnated naphihadenes are toxc
witlan the same dosage ranpe as the chlotinated
biphenyls, the chlormated dibenzofuians probably
have a gicater foxcity It is ussinncd that 2.3.7,.8-
tetrachlorodibenzofinan 1s the most tosie of this
group of compounds Tius compound also shows
marhed specics vitnation, While the smele orat LD,
in guinea pigs 1s between S and 10 kg body weight,
1000 up/kp 1 CDF piven oraltty had no effect on rats,
Mice e cqually inscnsitive to the toxie effects of
TCDF (/4.

For the bromenated biphenyls, limited (oxicity
data are only available on miztures containing pre-
dominantly hexa- and oclabromobiphenyi. Both
mixtures differ sufficiently 1n isomeric composition
so that thetr toxic cffects may quantitaiively be
quite different and also different (rom the PCBs.
Again, the problem of toxtc contaminanis las not
becn resolved. If toxic effects are similar 10 PCBs
then, at least in some species such as nmink and
monkey. long-term low-level ¢xposure shouid result
in measurable toxicity. Addilional animal studies
are needed 1o resolve some of these problems. Poor
metabolism and cxcretion of the brominated
biphenyls may lead to long tetention of these com-
pounds predominantly in adipose lissue with nc-
cumulatton to very high levels on contthued expo-
sure, Whether this would lead 1o sulficient yecircu-
lanon of the chemicals to cause toxic cffects on
target orpgans is presently not known.

Human Exposure

Several reports (54-6/) piovide evidence that
would Indicaie that a substantial proportion of the
population of the United States has been exposed 10
PCBs. Minimal human expostute of the population
to PCBs has occunied from food. air and water,
while sigmficant human exposure appears to be
fimited 10 spoils fishermen consuminy fiesh water
fish from contaminated streams and lakes, and to
occhipational exposure in fudustrial workers.

Jelinek und Corneliussen (54), in reviewing data
from the FIDA Total Diet Study (62), report thut all
food classes of the tatal dict dechned to no PCH
oceun caces eacep? in these ment-fish-paaliry com-
posites. About 4052 of these composites continug (o
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contain deteetable residucs of PCBs. slthough onty
traces huave been detected in the Jatier years The
ficct that levels in these composites have dechined to
only trxces further suppont the inference that the
meat, poultry and cgg~ no longer contiun detectabvie
PCBs and 1hat the low level findings e probably
due to the fish in these composites. This would
imply that the PCB levels in the tict may have
*bottomed out” and may reman static until such
time as there s a change in the PCB rewidues in fish

Data compiled from studics sponsorcd by the
National Miunne Fisheries Service (NMFS) (63)
also suppant the contiminng presence of PCD res-
idues in fish. A commlation of PCB data, repte-
senting the results of alt the measutements known
to NMTS on PCBs in fish used in the U S, diet,
indicates scveral important points: (1) while at one
time or another, some PCB mcasuiements have
been made on many [lish. there 1s an inadequacy of
fniormation on PCB restdues in the most important
fish ftems in the fish dict: (2) sampling and analysis
have been sporadic and not desicued to meitsure
trends in human exposure: and (3} systematic sur-
veys of neither the smportant ucms nor the speaics
mos! likely to be conlaminated have been under-
teken.

However, these survey data do show that, in gen-
eral, U. S. fish eaters include a wide variety of fish
items in thewr dict and that some 93% of the U. S.
population (197 million) consume fish, with the av-
erage annual consumption of {ish being 15 th/yr per
person.

Al present, i is difficult to estimate all human
exposure to PCDB (rom eating fish. either from the
populstion as a whole or subgroups at higher nsk of
consuming large quantities of fish with higher PCB
residues. Fragmentary evidence from NMFS data
suggests that the exposure of the population as a
whole from PCB residues in ingested fish is proba-
bly well below 19 pg/day per consumer, based on
PCD levels which arc estimated 1o be below | ppm
for 19 g of fish consumed/day. This can be com-
pared 1o the results of the FDA Total Diet Study,
wherc it has been estimated that the overali PCB
daily intake is on the order of 510 pglday for the
gencral population. The lower FDA estimate is
bascd on the methodology of the Market Basket
Survey where fish are purchused at the consumer
level and would not be applicable 10 diets which
include a high consumption of fish from certain
arcas with high PCB residues,

A recently completed study (55) has attempted to
asscss some of the consequences of human expo-
sure to I’CBs from the high consumption of fish
from contaminuted areas. The results of this study
show that a group ol sports fishermen consumed an
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average of 24-25 1b of hsh/person/year. with the
hsghest individuid cxposuore for a 2-year penad ec-
ported us 180 W/yr PCB rewiducs in coaked hish
ranged ftom 0.36 to 538 ppm. Alhough there way g
wide tunpe uf blood PCRB Jevels for cach quannty of
fish consumed. there was u highly sigmificant cor-
relation between the reporied quantity of Lake
Michigan fish constined and the concentration of
PCB  the bload of siudy paucipants, with the
higher 1cporied fish cousumption bemng assuciaed
with higher PCB blood levely The blood values
ranged fiom a low of 0 G47 ppman the control group
thish consumption less than 6 lyyear) 10 a high of
0 366 ppm in the exposcd gioup (fish Lonsumpnion
24-25 Wfycan

These investigators calculnted that the amount of
PCH ingested by the exposed group could averape
46.5 mg'year and rangel from (4,17 0 11431 my
year. While no systemuiic adverse health effects
could be demonstrated in the exposed group when
comparced 10 controls. the investigators caution that
any long-term chronic cffects urc unknown a1 the
present time  Additionaily, it ¢an be coneluded that
expnsure similar 1o those reported in this special
group will contmue and there 15 the Iihelthood that
as sportsfishing becomes more popular, larger
numbers of pcople may be cxposed 1na similar way.

Although human exposure to PCBs fom air and
water is probably minimal, there seems httle ques-
tion that such exposure docs occur Samples of am-
bient air collected in Flarida, Mississippr and Col-
orado. show that PCBs were present at all locu-
tions. The average concenirauion at each of the
thiee locations was approxim.tely 100 ng/m? of air,
Studies of surface water from the major drisnnge
basins of the Unned Sudes repor! the widespread
ocrurrence of PCBs in both surface water and bot-
tom sediments. Mean tessdue levels of PCBs i the
surface water ranged from 0.01 10 0.05 up/t., with a
maximum residue level of 20.0 ugil.

In Wisconsin, effluents fromy cooling water in
aluminum foundrics contained PCBs ranging from
11.5 10 335 ppb. Effluents from paper mulls ranged
from 0.01 10 25 ppb. Annlysis of snow melt water
from Wisconsin cities showed PCB residue levels of
017 to 0.24 ppb, supgesting that fallaut of PCBs
from 1he air may be an snportant source of PCBs
entering the walers of the state.

In Michigan, testing of 900 samples of indusinal
efMuents showed 229% had PCB residues > 0 S povi.,
8% > 1.0 pp/l., 6% > 10 ue/l.. and 262 > 100 ppit.
With sludge disposal taking place by incincranon.
land(i}! and crop or pasture apphcation, the con-
tinnation of PCBs in the environment scems obwi-
ous,

Adverse human health effects resulting om PCB
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exposure have come prmarily from studics of oc-
cupationai exposwe and from human exposure
through the ingestion of contaminated rice oil in
Japan.

Schwirtz 64) provided some of the carliest re-
ports of adyverse health effects due to occupational
exposure in the U, 5., in which he described skin
lesions and symploms of sysicmatic possoning
ameng workers who were reporied to have mhiled
chlorodiphenyls There have becen numerous re-
ports over the ensuing years desenibing cutancous
cruptions and of systematic mamflestations as well,
among marine clectnicians, machinists, capacitor
and nansformer manufacturing workers. and others
occupationlly exposed to PCBs. The skin lcsions
described by Schwarz (64) in 1936 have come to be
designated as ‘‘chlotacne,”” Pant of the chloracne
tesion resembles adolescent acne, but is generally
more severe and the lesion distribution is inconsis-
fent with adolescent acne.

Hara (65) and Husegawa et al, (66), have reported
dermatologic ailinents which include **brown
chromodermatosis™ of the dorsal jorts of the hands
and purple eruptions of the face and neck. How-
ever, Hasegawa et al. {66) performed a health sur-
vey of waorkers in earbonless copy paper [actories.
two years uller the use of PCB in such processes
had ccased, and reported no dermal effects nor liver
funclion, urine or blood test abnormalitics. PCB
blood levels were reported as 0.01-0.02 ppm.

Typical chinical Nindings in the huntan exposure to
PCB which occurred in Japan in 1968, and which
resulted from the ingestion of rice oil contaminated
with Kanechlor 400 included chioracne and in-
creased pigmentation of the skin, increased eye dis-
charge, transient visual disturbances, leeling of
weakness, numbness i limbs and some disturbance
in liver function. Adult Yusho patients had pro-
tracted ciinical disease with a slow regression of
symploms and signs. In the dose-response
epidemiologic study, the average cumulative intake
of PCBs leading to overt symptoms was 2,000 mg.
with lhe lowest dose leading to overt sympioms
being 500 mg.

However, Kuratsune et al. (67) have introduced a
new factor into the Yusho incidence with the finding
that the sice oil contained ciorinaled dibenzofurans
{CE-DBF) at 5 ppni, Nagavama et al. (68) report that
the {oxicity of (CI-DBF) is said tobe (rom 200 to 500
times that of PCH, Whether or not the {(CI-DBTF)
contaminant is the crucial (oaic substunce prodie-
ing the symptoms obsernvcd in the Yusho incident,
or whether the exposure to the high devels of
Kancchlor 400 produced the observed cffects, or
whiether there was an nteractive process taking
phce is unknown,

196

The data necessary for determining reasonably
accurate iime and dose exposme to PBB in indi-
viduals in Michigun is cither unavuilable or
nonexistcnt. Atlen!pis to sccure accurate dictary
intake with the PR1B levels in fuod and the duration
of consumption have been unsuccessful. It is hoped
that data to be recetved fromt the Michigan Depan-
ment of Public Heaith may provide some basis for
cride estimates.

While there appears to be no evidence at the mo-
ment to indicale acute health effucts from exposure
10 PBB. any chrowmc effects remain lureclv un-
known. A farge-scale epidemiolopical study 1s cx-
pected to pet underway shartly to idenufy all the
farm family members from quarantined farms, a
large group of study subjects secondarily cxposed
1o PBB through the purchase of farm products on a
repular basis fram quarantined farms and a control
group of mdividuals not eaposed to PBI3 contimi-
nation. This study will continue efforts to identfy
any acute or chronic effecis of PBB exposure
through physical examination, biochemistry tests,
and dietary histores. Efforts will continue to assess
the otiginal FireMaster BP-6 for the presence, il
any. of chemical contaminants which miplit present
human health hazards, in the meantime, a tenfold
safety Tactor for PBDBs when comparcd to PCBs ap-
pears both reasonable and acceptable based on all
currently availabie scientific data.

Much work remains (o be done concerning the
toxicity of PCBs and PBBs and the association of
these compounds with any demonstrable adverse
human health effects,
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