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; INTRODUCTION

Polychlorinated biphenyls (PCBs) are chemical compounds with the empirical
formula Cy;H0-.Cl.. with n = ]~10. They are a mixture of chlorinated
bipheny! congeners. Theoretically, 209 such congeners are possibie. but at
E least 20 congeners have never been identified in commercial products. In
f) addition. PCBs may contain polychiorinated dibenzofurans and chlorinated
. quaterphenyls as impurities. PCBs were discovered befors the tum of the
century, and the useful industrial properties of mixrures obtzined by chlorina-
tion of biphenyl were recognized early. In 1966 the discovery of PCBs in
environmental samples (1) spurred renewed interest in the analysis and toxic-
ity of these compounds.

In recent years many industrial nations have taken steps to control the flow
of PCBs into the environment. PCBs and PCB-containing formulations are
' i restricted (an exception is sometimes made {or mono- and dichloro-PCB) for

: most uses, except for categories such as closed-system electrical equipment

.and hydraulic fluids in mining equipment.
Commercial production of PCBs began in !hc‘-Uaiwd--&dés in the late
1920s. In 1971. Monsanto Chemical Company voluntarily stopped open-
ended uses of PCBs, and subsequently only the lower chlorinated biphenyis
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were produced {Aroclor 1242 and 1016). In 1977 the company ceased produc-
tion entizely (2). Many PCBs manufactured in the past (3) are still in use in
old ransformers, bul even this use is decrcasing. The estimated cumulative
production and consumption of IClis in the United States in Ihe period
1930-1925 (in millions of pounds) was as follows: total pmduclmn 1400;
impurts, 3. domestic sales, 1253; expons, 150,

PCBs are incut chemicals that are fairly resistant to degradation. Decause of
their stability and lipophilicity, they have accumulated in the environment and
in mganisms. ‘They have been Wfentified in indoor als (4) at concentralions of
0.1 nglm (3), in fish (6, 7) and other food products, and in scdiments from
lakes and rivers (5, 9). PClls have also been identificd al varying con-
centrations in soil (0 O wig/kg- 100 ingrkg) (10). They do not occur naturally.
Thus, their presence in the environment is linked witl human activities, and
concenbiations arc bigher in urban and heavily industrialized arcay than in
rural and remote arcas. llowever, frace amounts are also found in remote
arcas, since the air may transpoit’ such cliemicals over large distances,

Although PCBs ate no lunger used commiercially in the United Siates
because of their persistence? they are still present in our environment. A
number of transformess and capacitoss that contain I'CBs, however, are still
in use. Resulis of laboratory experiments showed thal pyiolysis of I'Clis at
temperatures of 200-600°C could resull in the Tonmation of signilicant
amounts of the mure {oxic polychlorinaled dibenzofurans (FCHFs) (11).

in February 1981, an electrical fie occunied in 3 New York State office
building in Binghamton, N.Y. The fite, which originated in » swilch gear in
the bascinent, caused the bushings o crack on a nemby translormer. Aboul
1RO gallons ol PCD dielectric NMuid Pyralon (63%: Aroclor 1254, A5% chhin-
ated benzencs and trace additives) wese Jost. A fine layer of oily sout covered
many of the internal sutfaces of the 18 (tears of Ihe building. Analysis of &
soot sample showed that it contained various Isomers of chlorimaled di-
benzofurans,  2.1,7.8-tetrachlorodibenzodionin,  other  chlorinated  di-
benzodioxins, and chlusinated biphenylenes. Some of Vhese chiemicals are
much mare toxic than the PCBs. Because of these findings the Binghamion
stale office building was closed, and workers wearing tespirators and pro-
tective cluthing began sn extensive cleanup of the building. The cleanup
operations lasted four years, and the cost has been envrmous (12). Since then
several other transfurmer fires have occured. These fires have not tesulted in
as much contamination as the one in Dinghamion, paitly because the
trans{vomers in the other fires were usuvally lucated in @ separate vault (13),

The problems with polybrominated biphenyls (PBBs), which are also a
mixtuie of chemicals, have been yuite dilferent. In 1970 a chemical company
in Michigan manulaciured polytnominated hiphenyls as flume rctardams, The
same company also produced imagnesium onide, a chemical commonly mined
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into feed fur fivesiock. The fMlame setardant was ceMed Firemaster and the
magnesium oxide, Nuttimaster. In (973 some bags of Firemaster were
accidentally sold as Nuirimaster and mixed into animal feed. This resulied in
widespread cantnminstion in the stale- of -Michigan (14).-Since 1974 PBBs
have not been produced in the United States. At the time of the exposure litlle
was known alioul the (oxic cffecis of PBl)s. Ten years afier the Michigan
residents wese exposed, no clinical illness has been causally linked 10 PBB
cxposure in this group, although chioracae was apparently noted in some
woikers who manufactored PBD,

HUMAN EXPOSURE

Because PCHs are ubiquilous and very persistent in the environment, humans
have been and will cominue 1o be exposed 1o them, panticularly in in-
dustrialized countrics, PCls may be inbaled in stnall amounts through the air
or ingesied Wwough foud. In the United States today, people are primarily
exposed 1o PClis by consuming fish from comaminaied waters (9). In the
past, some farn (amilics were exposed to PCBs from dairy products; (hiese
PCBs vriginated from coaling material used in the inside of silos (15). In
addition, wirkers who sepair transformers and workers who handle toxic
wastes may also be exposed (16). .

The PCB products thay were manufactuied by Monsanto in the United
States had the trade name “Atoclor.” The particulac kind of Avoclur is
identificd by a (our-digil number. The firsf two digits refer 1o the 12 carbon
atoms, and the sccond two refer lo the percent, by weight, of chlorine in the
mixture. Thus, Aroclor 1254 contains about 34 chlorine, and Aroclor 1260,
about 6% chlorine.

The compusition of this minture of cheniicals, with different propertics,
changes ance il gets into the eavironment snd inla organisms. Some com-
ponenis of the minture are more easily degraded in the environment than
others. As a result the PCs. identified in thie cnvirunment resemble Aroclor
1254 but ase not identical to it. Simitarty, the PCB mixtures (ound in humans
usually vresemble Aroclor 1254 if exposure occumred primerily through the
enviraument. A different composition of the PCBs may be found in scrum of
adipose tissue samples fsum occupationstly eapused workers. For instance, if
the workers are primarily exposed 10 Atoclor 1016 or Aroclor 1242, which
contain much fess of the mose highly chlorinated homologs, then their
gas-chromatographic pattems resemble a combination of Aroclor 1016 or
1242 and Aroclor 1254, For this teason Smith ct al {17), in evaluating
occupational exposure, divided I'CBs imo high and fow chlorinaled
biphenyls. The gas-chromalographic patiern of the PCH mixture present in
huinans con be used 1o determine whether the eaposure occurred primarily
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twough occupation or nough the environiment, or, in the case of occupation-

al situations, whether most ol the eaposure was recent or occuired many years -

8go.

Although 3% of the US populstion eais fish, the average annual per capita

consumption is small: 13 tbs. per year (6, 7). I PCDs are (o be quantitated in
fish, the edible pontion rather than the whole fish must be examined. Decause
of their lipephilicity, PCBs are prefeientially stored in the hepatopancreas of
the fish, giving etroncousty high levels if the whole lish is analyzed. Sim-
iluly, levels in cooked fish are lower (6). )
_ Genenally, PBBs are not found in the environment because they have had
Tess comincrcial use than PCBs. PRB contamination is esscatially restricied to
Michigan's lower peninsula. Most persons who lived in Michigan during the
1973-1974 period have luow-level POD body burdens (18). The greatest
degree of contaminstion eccurred mainly in aseas with contaminated fanins;
this seginent of the population siill has appreciable body burdens (19).

Since PBDBs and PCBs are lipophilic, they are prclescntially stored In
adipose tissue. They zre also present, 1o a smaller extent, In serum and other
organs and in hunnan milk. The concentration of these malerials in diffcrent
organs depends upon the lipid content of such organs, with the exception of
the brain where the concentiation is lower than the lipid conlent would
indicate. PCBs and PBDs pass the placents amd are primarily excreted through
bile and milk. In addition te lipid content, the ratios between adipose tissue,
blood, and vital organs are influcnced by exposure level, sen, age, length of
exposure, and also by whether eaposure is current. Ay very low con-
centralions an analytical imprecision influences the ratios much more than at
higler concentrations (19). Since human milk is selatively easy 1o obtain, il
has been used to monitor human exposuse. Jensen (20) recently sununarized
results of such monitosing studies, Average levels of PCBs below 2 ppm
tmgrkg) in milk fat have normslly been found, although women living In
heavily industrialized urban sicas may have higher levels. The (2t concenisa-
tion in human milk averages 2.6-4.5% {21). At 2% [at, ) liter {}) of milk
would contain .04 g or 40 ug if the PCBs were present in milk fat ot o

- concentiation of § ppm. If an infant weighed 3 kg and hinbibed 750 ml of mitk

per day, it would take in sboul 6 pg/kg, 8 dose that exceeds the 1.5 pp/kg
dose calculatcd as scceptable by Cordic et sl (6). At 1% milk fat this dose
would be reduced 1o 3 pg/kg. As the infanl gains weight, the dose on a
kilogram body weight basis will be seduced to some extent, however; milk Is
the sule food source for only sbout sin months. Afier the first week, the daily
milk intake is estimated 1o be 150 mirkg body weight per day. This consumip-
tion gradually alls afics two months and declines o 120 miZkg body weigli at
four-to-six months. Finally, the amount of PCBs and oilier halogenated
osganic chemicals declines with time. However, at Jow concentrations this
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may not be abvious beeause of continned exposure of the mother sid the
variability of the analytical results. In addition 10 PCBs, human milk conlains
trace amicsunts of many other persisteat chemicals. Whethee the infant’s
consumption of such chemicals has any sdverse health clfects is not known.

Most persans, particularly in induswislized counities, have had some eapo-
sure 1o polychlorinated biphenyls evea if they do aul est fish. The con-
centrations at which such exposure presents a risk are not clcar. Recently,
Cosdle <1 al {6, 7) calculaied the dose of PCBs to people consuming fish from
Lake Michigan. They concluded that persons caling Lake Michigan fish
ingested an average of 46.5 mg of PCls pes year; this amount ranged (rom
14.17 to 114,31 mgfycar/person. The calcufated mean daily dose received by
the exposed group was 1.7 pgrkg/day and ranged from 0.09 1o 1.94 ppikg/
day. Thus, the average sponts fishenman consuming contaminated fish would
1eccive a total PCl dose equal to 200 mg in about 4.3 yeass, No adverse
liealsh effects or graups of symptoms cleasly refaied to PCH exposure could be
identificd in this eapased group. The presence of PCBs in the eaposed persons
has not caused any vbservable adverse health eflects similar to those observed
In the Yusho pepulation (sec below). However, this finding does not exclude
the possibility that the effects are too subile fur detection or that they requine
long-terw observation.

Similasly, in Michigan an analysis of 1,073 human milk samples showed
that all contained PCB sesidues and that the residues ranged from trace
amounts to 5 ppm (mg/kg) based on fat ] level. The public licalth significance
of PCB residucs in human breast mitk and Wicir effects on breast-fed infanis
arc unctear. Since there are no human data on which (o base public health
pulicy. risk predictions fur PCDs have been based on results from animal
studies, paticularly the positive bivassay studics. Reviewing these data,
Condic et a} (6, 7} cuncluded that 8 2-ppin (ing/kg) lelerance for PCB in fish
be established, since s 1-ppm (mg/kg) tolcrance docs nut greally seduce the
cstimated risk.

As previously menlioned, some of the isomers of the PCs and Pl Bs are
much more ensily degraded or metsbalized. Because they can be metabolized,
they are more casily excscted. Others may be setained in the body for long
petivds; in gencral, the PBOs appear 10 be more persistent in human tissucs
than the I'Cls (19, 22).

POLYCIN.ORINATED BIPHENYLS

Background

When PClis were first used industrially some workers develaped chloracne.
Resuhis of carly animal studies scemed 1o suggest that PCBs might have some
toxic cllects on the liver. Beyond that observation no infonmation was avail-



92 KIMDROUGI

atile. Because PCBs were so inert chiemically, they were not considered to
cause a greal deal of taxicity. In 1968 a poisoning oulbreak vccured in Japan
(23) thal slfecied over 1,000 persuns. These individuals hod purchased rice
cil, in large drums, from 3 single source and had used this rice vil for couking.
Chloracne was one of the leading signs in those who became il | was soon
discovered that PCBs had been used as 8 heat-exchange {luid in the factory
where the sice oil originaled. PCBs had Icaked aut of the columns in which
they were coutained into the rice oil when the rice oil was heated. Since the
disease was causcd by ingesiing contaminated sice oil, il was called Yusho
{rice-vil discase). When the outbreak first occuried, its association with
eaposure o PCBs was nol clear. Al that time the capabilities for measuring
these tlypes of chiemicals in tissues and bady fuids wese limited, particutarly
in Japan. Therefore, eatly in the investigation 10lal chlorine, sather than
I'CBs, was measured. Retrospeclively determining the precise dose these
paticnis veceived is difficult. Whether the consumed oil was unifonaly con-
taminated is also uot clear. However, a selationship between the amount of
vice Oil ingested and some symploms could be established (24). Because of
this poisoning oulbreak and other enviionmental problems, animal studies
were started in Japan, in the Linited States, and in other countiies 1o elucidate
the toxic cflccts of PCDs. These data arc sununarized in several demiled
reviews (16, 25, 26).

Animal Studies

This article addiesses primarily the husnan healih effects of PCUs and PUDs.
Thescfore we highlight only sccent results from animal studics that might give
a better understanding of implemented public health policies and putential
twuman health efflects. One of the difficulties in vsing animal data to predict
huaan health effects for I'CBs and iclaled compounds is that animal species
vary greatly in their responses. Further, many of the animal studies use
relatively high doscs. Therefore, determining how such animal studies selate
to the human siluation is difficult, Some animal specics, such as the sublu-
man primates, the guines pig, and the mink, are much more seasitive 1o the

" tanic elfects of PCBs than the tat or the mousc; also the types of toxic effects
and morphological changes in the organs of dilferent species vary.

Most animal studics conducted duwiing the 1970s used ixtures of PCUs. In
general, FCBs were found to affect teproduction’and the immune response,
and to cause liver lumors in rodents (16). When different mixiures of PCDs
were studied. however, the results were inconsistcnt. For instance, the mix-
e Aroclor 1254 aifects reproduction in rats st much lower doses than does
Ataclor 1260 (27). :

Mose recently some of the isomers of tlie I'CB mixture were found lo be
much more toric than others {28-32). The more toxic isumers constilute only
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a very small postion of the mixtute, particularly those with less chlorine by
weight, such as Aroclor 1242 or Aroclor 1016, Recenily, Schacfler ¢t al (33)
found that a Germian PCB minture—Clophien A-)0, with an average composi-
tion of 1% manochiorobiphenyl, 20.3% dichlurobiphenyl, 57.4% wichlo-
robiphenyl, 12.3% telrachlorobighenyl, 1.8% pcatachlorobiphenyl, 1.0%

. henachlorobiphenyl, 0.6% hepiachioiobiphenyl, and 0.1% octachlor-

obiphenyl—produced a 3% licidence of hepatocellular carcinoma, whereas
Clophen A-60 produced 8 61% incidence of hepatocellular carcinoma in
Wistar ras. The incidence of the discase in the conlrols was 2%. The Clophicn

A-60 had an average composition of 0.2% monochlorobiphenyt, 1.1% di-
chlorobiphenyl, 2.2% trichtmobiphenyl, 3.1% 1etrachlorubiphenyl, 19.8%
pentachlorobiphenyl, 43.2%  hexachlorobiphenyl, 25.3%  heptachlos-
obiplienyl, 4.7% octachlorobiphenyl, and 0.3% nonachlorobiphenyl. Sim-
dlarly, Notback & Weliman (34) and Kimbsough cl al (35) were able 10
produce hepatocellvlar cascinomas in rals with Aroclug 1260, the mote highly
chloiinated Monsanto product.

Whea Aroclor 1254 was fed 1o rats, fewer liver lumors dcv:loped in
exposed rats (36); however, the iucidence of gastric inlestinal metaplasia snd
adenocarcinoma of the stomach increased (37, 38). Whether PCB {ractions
wilhout heaschlorubipheayls, heptachlorobiphenyls, and octschlorobiphenyls
produce hicpatocellular cascinomas in todents shauld be eaplored.

Pasticulasty in the United States, mixtures such as Ajoclor 1242, 1254, and
1016 were used more Than Atoclor 1260. Because of these differences in
potency, the PCDs in licavily contamidfated areas of our environment should
be characlerized according to their isomeric composition. For instance,

‘whether the PCBs in Lake Michigan are of the sste compasilion as those

found in New Dedford llaibor, Massachusens, is nol clear,

Aside from tumor fenination, PCBs cause a varicty of olhet biological
effects, such as the induction of enzymes (39). In some species they may
cause atrophy of the thymus, intrahepatic bile duct hyperplasis, hyperplasia of
the epithelial lining of the urinary bladder, atrophy of the scbaceous glands,
and hypcikersiosis of the ducts {40). Some isomens ate feiotoxic, and some
produce metaplasia of e sebaceous glands, nailbeds, ameloblasts, thymus
carpuscles, and gastric mucosa (28, 41). Subhwinan primates, mink, and
guines pigs mic paiticulasly sensitive to the loxic clfects of PCBs; olher
specics, such as the at, the mouse, and the dog, can tolerate much higher
doses. From cmpirical. observations, humans also sppear to be less sensilive
10 the” tonic cffects of PCBs, Thie ability 1o store these chemicals In adipose
tissue may be prolective. Generally, the subhuman primaies and mink have
less adipuse tissue than humans. Animals with geeater sbility to slore vitamin
A on 8 quantitative basis, such as the hamstcr and the ral, arc somewhat less
susceptible to the toxic effects of these types of compounds (42). The
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mechanism by which these types of chemicals affect hepatic retinoids §s not
clear. Appaently, the durativn of the reduction of hepatic ictinoids does nol
corelate with the induced aryl hydrocasbon hydroxylase (AHIL) activity (43).

Body Burdens

Many investigalors have reported PCB3 in human tissucs (44, 45). In the
United States, according to data from the Centess for Disease Contiol (CDC),
mean PCB serum levels are sbout 3-7 ng/nl (pbb), shhiough some patients
may have highes serum levels without any documented unusual exposure.
These data were also suinmarized by Kreiss (46). Levels in adipose tissue and
in human milk fa1 are 100-200 times a3 high, since 'CBs are highly lipid
soluble (20). Mes cf al (41) reported that PCD levels in adipase tissue of
sccident victims ranged from 0.9-9.4 mgrkg.

Sahl ct sl (48) surveyed PCB blood tevels in 738 pre-cinployed and 1,058
cunrently employed woikeis of a utility company. The median blood Jevel

" befure employment was 4 mg/l and the range, 1-37 mg/1. These levels wese

quite similar 10 those in the curremly employed group.

Patients who died of cancer in Deamark had saimewhal higher levels of
PCBs in their adipo¥e tissue (49). Since lenminal cancer paticnts have usually
Jost & gicat deal of weight, bioconcentration inay have occuned. Similaly, in

. paticnts with highly tmpaired liver funclion, tissue concentrations of xenobl-

ofics nmay be slightly highes Yhan those in healihy persons. Mowever, levels
semained higher il parameliers such as weight, Lieight, occupation, and sesi-
dence were considered (5U), whereas levels of 1CBs in bieass fat tissue fiom
patients with brenst cancer were similar 1o those of contsols (51).

Furthermore, Lawton el al {52) demonstrated that random errors snd
interlabosstory vasiations in procedure and methods of dala reporting cen
influcnce serum and adipose PCB levels. Unless an interlaboratory quality-
control system is set up, iessured levels belween laburalurics are not neces-
swily compurable. For instance, Lawton et sl (52) found ihat the results of
repeated analyses on senun samples of known conipusition showed the 95%
prediction intesval for an individual measurement 1o be about x 42%. This
intcrval depends on the mcthod. of extraction, the procedure used, and the
means of quaniitation.

Summary of Human Epidemiology Studies

Recently, investigators studied the predominantly black populsiion of Trians,
a sinall ruial town in the southem United Stales (33). This population was
excessively exposed to DDT sesidues by consuming contaminated fish. The
residents sfso had PCBH body burdens. Fish consumption corrclated positively
with PCH bl levels; no other source of PCB exposure could be established.
These rescaichers noted that PCD serum levels increased with sge- and that
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levels were lower in fenmales of each age group. Similar findings were m.
for DOT sesidues. The serum cholesterol level was positively sssocisled w
the log PCH fevel, independeni of age, sex, fish consumption, body-m
index, and alcohul consuniption. Raies of bordesline snd definile hypent
sion for study patticipants were 30% higher than Hwse expecied on the by
of pational ruies (34), Log PCB seruin values contributed significantly
explaining the vaddability of log systolic and disstolic blood piessure
multiple segression snalysis (55). Mecdian total cholesterol levels of

dividuals in the United States increase with age frum about 150 to 160 my
at oge 20 1o overs 200 mg/di at sge 50. PCOs in blvod wie influcnced by sen
lipid content, and populativns with inherently lower 101l serum cholesie
levels appcar 1o have a different PCB scrum 1o adipose tissuc satio. 1
age-associated incicase in blood PCB levels could be related 1o the o
half-fife of some PCP isomers that are preferentiatly retained in mamm
(29); as long as expasure conlinues, a irue steady stalc between inlake »
exciction is never reached. Other variables slfecting body burdens may
dilferences in metabofism with age. In the Triana studies, the blood levels
total DT sesiducs also incicased with age, and otlers have mmde simi
observations (36, 57). Lawton et af (38) siudied workers who had be
exposed 1o elecirical-grade Aroclor 1016, 1242, and/ar 1254; the stu
cavered the period frum beloie the wutkers were eapased Lo two years af
PCH exposure ceased. Serum levels for the lower chlorinated PCBs in 19
vanged fram $7-2270 ppb and in 1979, from 12-392 ppb; for the hig)
chlatinated PCBs serum levels ranged from 6142 ppb in 1977 and frc
4-108 ppb in 1979. These findings agsin illusirate the preferential excreti

" of lower chlosinaled PCB. Lawton ct al {58) also found that cholesterol leve

conelated with log serum PCBa. Similer sssocistions with tog serum PCl
were found for tog gamms glutamyl wanspeptidase (GGTP) and, in son
cases, for log slanine aminutransferase. When the PCD concentrations we
expressed as levels In seowm lipids, all the associations between serum lipi
ur enzyincs and log serum PCBs disappeared eacept for those between |
GGTP and Jug PCUs. Similuly, Chase et al (539) found no significs
conclation between eithes serum sriglycerides or aminotransicrascs and 1l
PCI levels in sdipuse tissve. Jow age and lenglh of exposure affect the:
paramicices is not sdequately explained in the anicle. Finally, Aksgi
Okumura (60) wese nol able to confism a positive association between PC
blued levels and elevated blood pressure in Yusho paticnts.

‘Lhus, as Brown (61) has suggested, the positive sssocistion between PC
setumn levels and elevated riglycerides and serum cholesferol can be ¢
plained by the increased solubility of #CB in serunt with higher lipid content

In several cross-sectional siudies of exposed workers, only mim

_ atmormalities nut necessarily related 10 PCB exposure have been detecte

s
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(62-66). In cross-sectional studies, however, thc ability 10 evaluate chronic
health ellects is limitcd. lo several swudics, a posisive associativn between
vesults of onc liver funclion test—the lest for y-glutamyluanspeptidase—and
PCB blood ievels bas been found. Kimbrough (67) has summarized calllcr
studics on the health clfccts of PCDs observed in wonkers.

In 1930 and 1940, chloracne, a disfigming skin discase, was lcpolml
among worke1s exposcd to PCBs. Oune of the clinical features of chlotacne is
ihe chloracne cyst, which is skin colored and measures fiom 1-30 mm in

dismeter, with a central opening. The othes dominan fesion is the comedo.’

‘The skin lesions may only involve the face, but many also exicnd (o other
parts of the bady. Microscopic examination of human skin biopsies from
chlvsacne cases shows matkedly dilated hair follicles filled with keratin. The
schaceaus glands involule paitially or complctely. The epithclial cells lining
the hair follictes and the adjacent susface cpithelivm proliferate, and acaniho-
sis is present. In old kesions, the epithelial lining of the gicatly dilated Imr
follicles becumes atrophic.

Sones & Alden (68) cxamined 17 of 23 workers engaged in the production
of PCBs. The workers had chloracne involving the face, genitalia, trunk, and

extremities. Belore the outtnesk of chloracne in the plant, the elecirical

property of the PCDs had fallen below specifications, and the color had
deepened. In the repont, symploms of iliness wese exiensively desciitied for
the first wortker who was diagnosed as having chloracne. This worker conms-
plained of lassitude, luss of appetite, and loss of libide. Over the years, othes
cases of chlovacne following exposure to PCBs have been seported. Most of
these Involved exposutc to vapuss that developed when PCDys were heated
(69).

Al times, the skin rashes that developed in workers were accompanicd by
prusitus. Some worhers slso comphained of buming of the cyes, nose, and
tiwoat; diy tlyoat; nausea; and dizziness. Mcigs ct al (70) reported chloracne
in workers who had been exposed to PCB vapors for 5-14 months. The
concentration of PCDs in the workers breathing zone was 0.1 mg/m’.

Evidence of slight liver Injury was also present. Ouw ct al (71) fouad air

levels in 8 capacitor plant that ranged from 0.32-1.44 mg/m’ Aroclor 1242
(PCB). llcre workers camplained ol burning eyes, face, and skin in genesal,
and persistent body odor. One worker suffered from chloracoe, five cum-

pleincd of eczemmtous sashes, and 8 few had abrormal fiver function tests.

These warkers had a mecan PCU blood level of aboul 400 ppb (geprkg). In mast
studies of workers with chloracne, evidence of liver injury was atso found; in
one study, workets who did not have chloracne weie found to have abnormal
liver funclion (69). .

PCUs also affect the liver by inducing mined-function oxidascs. Alvares el
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al (72) detcrmined ihat in five wokers occupaltionally expased 1o Aroclar
1016—a PCB mixiwre primarily compaosed of dichlorobiphenyls, teichlor-
abiphenyls, tetrachluroliphenyls, and pentachlorebiphenyls—plasma anti-
pyrine half-life was significautly lower than that in matched controls, suggest-
ing the induction of mired-function oxidascs in the liver. These wotkers had
ticen exposed to Acuclor 1066 for a1 least two years and had no obvious
sympoms of PCH poisoning.

Other health clfects are eye snd upper tespiralory irritation, Warshaw et al
(65) studicd a group of 326 workers in w capacilor plant with a mean
cnpluyment of wore than 15 years and mean employee sges of 41,1 years for
males and 47,3 years fos lesmales. Work-relaied eye or upper sespiratory
irritation was reported by 48% of the wotkers, and 10% had expericnced
tightuess in the chest. Spiromenric studies wese conducted on U9 workers:; 66
of them were dropped from the study becsuse they had been exposed to falc,
textile dust, or ssbestos. Thus, 243 incn were available for analysis. In msles,
there were about twice as many smokers and exsmokers as nansmokers. In
females, the proportiun of nonsmokers was highes. Thiny-four of the workers
{14%) hud a reduced vital capacity, and 27 of 1hese demonstrated » restrictive
patiern of impairment. Becsuse of sdditional varishles such as smoking and
ashestos exposure, these findings are difficuli to intcrpre.

Taylor et al (7)), in an attenpt (o detetmine whether the felus would be
alfected in capacitor workers, examined pregaancy outcome and-bitsh weight,
and found that the gestation pesiod was reduced by one week. The infants
weighed slightly less than the cantrols; this finding could be explained by the
reduced gestation period. Smoking and alcohol consumpiivn were not con-
tolled, however: furthermare, whether the socioeconomic siatus of this group
of women was similar to that of the control group is nol clear. Thus, until
other studies confirm (hese findings, they should be viewed with caution.

In several papess Jacobson and his associales repoited behaviorsl changes
and s seduced gestation period in association with higher fish intske or higher
+ imake of PCBs (9, 74-76). Funthicrmore, Jacubson ¢t ol (74) reposted that
intrautcrine PCB exposure may hsve a delayed elfect on central nervous
system functioning. Since genelic makeup, the mother's lifestyle, and acule
illness also alfcct these paramelers, these findings are dilficult to interprel.
Furthenmore, many other chemicals are also excreted in human milk (20).
Rupan & Gladen (77}, (or {nstance, found that nwtlicrs with high levels of
ODE [1,1'-12,2-dichlorocthenylidene)-bis-4-chlorobenzenc) in their milk
tended to wean their infants carlicr, as they did not Quive. Apparently, PCB
fevels in milk wese higher in older women, women who drank slcohwl
regubaly, and primiparas (78).

Whiciher higli levels of DDE affect lactation is ol clear. fn animals, DDT



e Armear —eAh A A A - A m i o WEa &

. 98 KIMhRouan

homalogs, but not specifically DDE, have been shown to have estiogenic
effects (79). Detore these tindings can be clariticd, additional studies imust be
done.

No conclusive evidence thus far reposied shows that eccupalional exposure
to I'CPBs causes an incicased incidence of cances. Daln ¢t al (80) repated
resulls of a pecliminary study of 3 group of 51 rescarch and development
cemployces and 41 refinesy plant emiployees at a8 New Jersey petrochemical
facility. Detween 1949 and 1957 thiese workers had been exprased to Asoclos
1254, Tluce mclanomas and two carcinoimas of the pancreas were found. This
incidence was significantly higher then expected. Exposure 10 other chemicals
alse occorred, however, amd the cohort was smald.

Brown & Joncs (B1) conducted a setrospective mortality study of 2,567
warkers in Iwo capacitor plants. The sclatively few deaibs (163) sevesely
limited the statistical power of the study, and the average fullow-up was only
15 yecars, whereas latency periods of 20-30 ycass ate not uncammon for
cancer. Over SO of the sample had exposuse to PCBs lor iwo years or less.
Deaths feom liver cancer, cinthosis of the liver, and rectal cancer were slighily
higher than eapectcds but not signiticantly for both sites combined. The
observed incrcase for cancer of the rectum was statistically sipnificant amang
fewales al one of the plants. In a follow up study (82) no additionat cancers of
the rectum were noted, and the Mandardized mortality satio (SMR) diopped
(ram JA6 10 21 L. Hloweves, two additivnal cancess of the liver and biliary fract
were abserved, biinging the total of these tumors 1o five as repoited on the
death certificales. However, a review aof the medical secords raises questions
about at least onc of these: lumuors,

Bertazzi et al (B)) reviewed the mortality of 290 malex and 1.020 females
who had worked (or six months or aire in capacitor production. Males had a
statistically significant increased nunber of deaths lian all ncoplasms. When
deaibs weee analyzed by argan system, deaths from acoplasins of the di-
gestive system, the peritancum, and the lymphatic and hematopoictic tissues
wete highcr. Amang femalces, all causes of deaths were signilicantly elevaled.
The actual numbers in this study, however: were small.

Yusho and Yucheng

‘Twa oulbresks of poisoning have been reported thet followed the ingestion of
sice oil contaminated with pulychlorinated dibenzofurans, biphenyls, amd
queterphenyls (I'CQs). The fisst outbreak occurred in Japan in the surmer of
1968 and whe second oullueak, in Talwan in 1979. lronically, the outbreak in
Taiwan repeated what had occurrcd 10 yesrs eatlier in Japan. Many studies of
these wo oulbreaks have been published in Japanese or Chinese. ln 1984
sume of the infurmalion in these sepoits was publishied in English in the
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American Journal of Industrial Medicine 5:1-15); the information is also
summarized in volumes 59 and 60 of Environmental Healih Perspectives.

In Japan and Taiwan the discase was lirst tecognized because chluracne
developed in the affccted paticuts (B4). In Japan, membess of il of the
alfected households had purchased sice oil from a specific company, and the
tuxic rice oil produced or shipped on Febiuvary 5 and 6 of 1968 contained lerge
amounts of Kanechlur 400, 8 brand of PCH with a chiotiae content of 48%,
At the time of the outbiesk, no snalytical methods specific for PCBs were
available in Japan; the concentration of Kancchlor 400 in the oil was therefore
estimated frum the organic chlorine content to be 2,000-3,000 ppin. Kancch-
tor 400 had been used for healing the rice oil in & mctal conlainer at over
200°C, at a reduced pressurc of 3—44 wmm g, t remove vdorous material
frlom i, Kancchbor (K) must have leaked from the lreating pipe into the
processed oil, hul the actusl mechanism of the contamination has sppascnly
not been determined. The seanslysis of the K-rice oil, oace the ineihods were
develuped, shawed that some of the oil samples contained 1,000 ppm (mg/kg)
PCB. This conceatsation was much lower than had originally been estimated.
Therelare, othier chlorine-containing campounds were assumied to be in the
ail, and additional samples were analyzed. The oit was found to contain an
average of 5-ppm polychlurinated dibenzofurans (85), Accoiding (o Buser et
al {806). the Yusler oil contained more than 40 polychlorinated dibenzofuran
isomers, inclnding the highly toxic 2,3,7,B-tetrachlorodibenzofusan (TCDE)
and 2.1,4.7 8-pentachlorodibenzofuran (BCDF). In addition, the oil con-
tained PCQs at a concentration of B66 ppm (87, 88).

According to estimales made by Kuratsune (89), ihe lotal amount of PCD,
PCDF, and PCQs consumed by the paticnis was, on ihe average, 633 mg of
PCI, 3.4 mg of PCDF, and 596 mg of PCQ. This calculates 1o roughly 157
pe/kp body weightid. PCI, 0.9 pgikg bidy weight/d. PCDF, and 148 pgrkg
body weight/d. PCQ. Al this dose the length of the latent period between
expostie anid anscl of clinical itiness was roughly 71 days, with a range rom
20 1w 190 deys. Some of the oil the patienls consumed may have contsined
higher or lower kevels because in such situstions cantaminalion is ususlly not
unifonn. Fursthennose, the patients consumed different sinvunts of con-
taminated sice oil. The severlty of sympioms was positivcly associsted with
the amount of contaminated rice oil consumed (24),

Laly in the ouibreak the pstients had chioracne, dark-brown pigmentation
of tlie usils, itching, pigmentation of the skin, swelling of the linbs, pig-
mented anucous membrancs, cye discharge, hyperemic conjunctivae, jaun-
dice, swelling of the upper cychids, a fecling of weakness, numbness of the -
limhis, and fever. Over |, (0K people were affected. Thiny-six babics showed
fetal PCB syndiome, which consists prinarily of a dark-brown pigmeantation
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of the skin (Cola babics). The culancous. pigmentation was caused by sn
increase in melanin pigicat in the epidesmis (50). The mucous memboanes
were also pigmenicd. In sl) cases, ihe pigmeniation dissppeased by the time
the babics weie between two and five months old. Jn affected infants, the face
was cdematous, and spoity calcifications were noticed in the parictal and
occipitl areas ol the skull. In s few of the infants, the teeth had cupied at
birth. Subsequently. the aduh patients with clinical discase complained of
having to eapeciorate & greal deal snd. on suscultation. wheezing was noted;
howcver, on examinalion, there was no evidence of bronchial asthina or
pulimonary emphysema. In many of these paticnts, the iespiratory symploms
have persisted, and the paticnts have chronicafly infecicd airways. n the early
1910s, some changes were noted in the patients’ seium immunoglobulin
levels, bul the levels retumgd 10 nosmal. Over lime the severity and the exteat
of the skin lesions improved considesably In the exposed population. Filicen
years after the accident, only 8 very few paticnls had exiensive chlotacne
.

™ About five years after the outbreak of Yushe, tissue and body fluids of

Yusho paticnls weic anatyzed for vasious congeners of PCB and PCDF, At
this lime, the I'CD levels in adipose lissue were 1.9 = 1.4 ppm (mg/kg). In
the tiver they were 0.08 + 0.06 ppm and in blood, 6.7 = 3.3 ppb (ug/kg):

" thus, they were nut very diffesent from levels in the general populstion in

Japan. Un the othies hand, e isomeric distiibution fos the PCBs in the Yusho
patients varied [rom thal in the control populstion in the sanic area (92).
About 40 PCDF congencrs were identified in the sice oil that the Yusho
paticnts ingested. Ouly some PCDF cangeners were retained ja the body for s
long time; they included 2,3,6,8-TCDF, 2,3,7,8-TCDF, 1,2,4,7.8-PCDF,
2.3.4.1,8-PCDF, and 1,2,3,4,7,8-hexaclilorinated dibenzofurans. Since
these congeners do nol have free sdjacent carbon aloms, they are not as easily
meiabolized and excreted. More of the 2,3,4,7,8-PCDF than the other iso-
micrs was retained in the patients® lissues. In the five paticnts studied, the
concentration of this isomer ranged from 6.9 ppb (zg/kg) in a specimen
chiained in 1969 10 0.1 ppb (pup/kg) in a8 specimen collected in 1977,
Mcasurable concentrations of TCDFs were only deiected in the carlier years.
Ahhough not the muost doxic isumer, the 2,3,4,7,8-PCDF caused mixed-
function oxidase inductioa at a dase of 1 pgikg in rats, aud ataphy of the
thymus, suggesting toxicity al s very low dosage level. ‘Thus, the clinical
manifestations obscrved in these paticots were primaiily caused by (he
PCOFy, specifically by the more toxic isemers.

In the Yucheng episode, it was never determined with certainty how the
tice oil was contaminated (93). In 1979 a school for biind persons infusmed a
focal Liealth buteau in Taichung County that a strange discase characterized by
an acnclike skin etuptivn had been occuiting frequently among students 2ud
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stall since the end of March. At the saine time, 85 of 150 workers in a1
plastic shioe factory hod the same symploms. Later that year, this ou
was also scported 10 a lucal heshih buteau. Victims in both auibyeal
consumcd the same brand of cooking sice vil, which hsd been manufa
by the same company snd which had been purchased in the smpe stos
this reasen the rice oil was the prime suspect in the outbreak. In sdd
rcpunts of vulbrcaks in other companics and in the general populatic
viclims had consumed the same type of C-rice oil.

Finally, becausc the discase resembled the Yusho diseasc in Japan, sa
of C:rice 0il and patients’ blood weee analyzed in Japan and were (u
contain cither 2 Kanechlur-400 or 3 Kancchilor- 500 mixture at cancenir
as high as 65 and 108 ppm (mg/kg). respectively. Qver 2,000 patienis
linally identificd s having been poisoned by contaminated rice ui
samples collecied from otlicr vutbicaks contained PCBs at concentratit
JI-300 ppm (mgrkg). Retrospeciive studies determined that the peri
PCUl intake ranged fsam 3 to 9 months. The average total inlake ful
person varicd from 0.77 to 1.8 mg of PCB, Wilhin the first year (
outbicak, the blood tevels of ICH in 13 patienls ranged from 3 ppb to
ppb. Must of the paticnts had bleod levels between |11 and 150 ppb ()
‘The sympioms observed in these paticnis were quite simitar to those al
described for the paticnts in the 1968 Yusho outbieak in Japan.

The tice vil was not ouly contatminated with PCUs but also wish PCDE
pulychlominated quaterplicnyls. [ contained the same major compone
PCDFs obsesved in the rice oil in Japan—namely, 2.3.4.6,7-PCIN
2.1,4,2,8-PCDOF. Relatively high concentrations of 2,3,4,5.3°,4"-hex:
sobiphenyl weie found in the blood snd adipose tissue of the Yu
paticmts. ‘This panticular PCD isomner is biologically quite active, an
concentration of 2,3,4,3'4"-pentachlorobiphenyl was also elevated in
patients. Funhermose, as in the Yusho patients, the concentration of 2,
FCDF was comparatively low (92). Chen el al (94) analyzed addi
samples uf the oil, blood, and adipose tissue of the Yucheng patients. ©
investigators identified several TCDF and PCDF isomers. Appar
2.3,7.8-TCDF was only 8 minor compenent in the oil; the major comp
was 2.3,.4.8-TCDFE. Qne of the major fusans in the toaic oil was 2,3,4
PCDF,

‘The concentrations of the PCDFs in different oil samples ranged from
W 1.68 ppin. Polychlminatcd quatciphenyls were preseat in concentr:
ranging from 25 to 53 ppm (mp/hg). Overall, the concemrations of 1%
ol PCQs were lower in these oil samples than in the oil samples tha
caused the Yusho autbreak. Whethice these il samples were representat
not rcally known. The 3,4.3°4* -tettachlarobiphenyt was also identified i
oil that caused Yucheng disease in Taiwan. This isomer is considered -
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the most tozic PCH isomer present in commercial PCIY preparations (95); it
was present at a concentiation of abeut 1%. Mosi other commerclal I'CD
prepasations, such as the Asoclors, in the Uniled States have nut been shown
to contain this paticular isomer.

In sddition to the epidemiological studies, some discase-specilic in-
vestigations wese also coanducted. The blood picssure of ihe Yucheng and
Yusho patients was not affected (60). Although some of thc patients in thie
Yusha cohort have died of cancer (90). the number hias been small; because
ihic latency period sy be bong, the population should be followed fur a longer
period lo determine whether the cancer incidence will increase.

Although PCDs and related compounds are known to aflect reproduction in
animais, snd shhough ihey alfected some fetuses and nconates in the Yusho
amd Yucheng episodes, the Information on reproduction and fetal toxicity in
general is very limited. In one such siudy, Hara (96) examined women
warking in a capacitor plant who also nursed thelr infants and who themsclves
had mild chiviacne and erythema of the skin. The hunen inilk of some of

+thiese women conlained, on a whole milk basis, I'CI levcls thal ranged (o
below 30 ppb (jg/kg) to aboul 400 ppb (peg/kg). Fosty children of these
maothers were followed for & five-year period. Sume chililien were found to
have “decayed” nails, gingival pigmentation, nmottled enamcl, and dental
casies. No u(alionships between these changes or symptoms o PCD blood
levels, however, were ohserved. The general population in the United States
and other countrics also has budy busdens of PCBs, I'CL)Ts, and polychtorin-
ated dibenzodioxins (97, 98). llowever, these background concentrations—
particularly for the biologically active isomers—aie far lower than they were
in the Yusho and Yucheng patients, even. several years afier exposure.

Chang et al (99) examined the dclayed immune response in 30 Yucheng
patieots and compared their sesponses with thuse of 50 controls. The mean
sge of patients in both groups was about 14 years. The authors injected o
solution of swieplokinase snd siieptodomase subcutancously into the (lexor
side of thie forearm. The response was tead at 24 houts (he) anid again at 48 hr
alter injcction, Eighty percent of she controls had an induration of 5 mm or
mose in diameter 24 or 48 hy after they were injected; only 43% of the
exposed group sesponded similarly. All of the poisoned patients had dermal
kesions, s the percentage of patienis with a positive response decreased with
increasing severity of the skin Jesions (chlosacne). Futthernoie, the degsee of
the dermal lesions appesred te be associated with the whole blood PCB
concentrations. Patients with minor skin lesions that were classified as grade
1 appeated (o have a normal skin sesponse. The same authors found (hat
PCDs caused a decicased concenteation of IgA and Igh, but not of 1gG, in
sciune.

Furthermare, the percentages of tetal T cells, active T cells, and T mu cells
decteased, whercas the percentage of B cells and T ganmma cells were not

2 KIMUBROUGH
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aflccied (100). These two reports arc Lhe first in which the effect on 1h
inuune response was aclually casrelated with budy busdens of PCHs and i
which only severely poisuncd patients showed this effect. This finding i
consistent with the findings fiom animwal studics in which relatively high dosc
of PCHs affected the immune sesponse and also caused some other advers:
elfects.

In the Japanese and the Tamuncsc Yusho and Yucheng poisoning oul
bieaks, sensury ncuropathy was reputied ln 8 number of patients for whon
nerve conduction velocilies were mcasured (108, 102). The blood levels o
the various chemicals (PCBs, PCOFa, PCQs) were negatively comelated witl
the loweied nerve conduction velocity, suggesting that sthese types of chemni
cals sffect nerve conduction velocity. (ft is pot quite clear why most in
vesligators measure nerve conduction velocity to detect sensory neurupathy
Other tests that would mecasure the detection of vibration, touch, and teinpcra
ture would be more useful from a clinical perspective.)

Seppalainen et al {10)) examined 16 men working in a cardboard plant wiy
wete expased to fwmes that resulied fsum the explosion of 15 capacitor
containing Clophen A-30. The fisst PCB air concentrations, measured 5.5 h
afier the explusion, were 8,000 tu 16,000 ugim® sir. PCDFs weic alst
formed. The svot samples contained tctrachloredibenzofuran up (o 90 pgrg
of which 6.5 pg/g was 2,3,7.8-tcttachliorodibenzofuran. In addition, mono
chlasopyrenes and dichloropyrenes wete fouad. Most of the men had 1
ransicnt sensoty neuropathy in their lower extremnities.

Chang ct al (104) repoited increased wiinary &-aminolevulinic scid urapor
physin excretion in 69 Yucheng paticnis over that of 20 controls. No informa.
tion on the patients’ clinical conditions or on how these findings related 1
degree uf expasure was given. No such observations have been repustcd lion
Japan.

POLYBROMINATED BIPHENYLS

Since the toxicity of PBBs both in laboratory snimals and livestock was
rccently reviewed (105), we do not seview it here in detail. In laboratury
animals, POls geuerally cause effects similac (o those that the PCDs causc.
They produce morphiotugical changes in the liver, sifect seproduction, and
promote biochemical changes, such as hepatic porphyria dnd induction of
mixcd-function oxidases. Teratogenic clfects have also been noted, In addi-
tiun, atwophy of the thymus has been scpoited, and hepatocellular carcinomas
have been produced in both rats and mice. The overall findings reporicd in
animal studics are similar to those that have leen repocted for PClls.
Alliough the I'CD contamination of the envisonment is 8 more general
problem, the PHB comamination pimasily. alfects cenain areas within the
state of Michigan. Mosl persons living within the Jower peninsula of Michi-
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gan have had slight exposure, since the contamination resulted from dairy
products and since noral marketing channels for these praducts involved the
mixing of milk from many producess in sclatively few processing (acilities. In
addition, most cull datry catile are used for hamburgers amd processed nieat
products that would slso receive wide distriliution. ‘1hus, the marketing
rystem diluted the degree of eaposure for the Individual; however, i increased
the number of thuse eaposed. In 1978, the distribution of PUBs was com-
prchensively studied in o probabllity ssmple of 1,738 pessous. POD leveds in
scrum were delennined, and 844 adipose tssue samples were also analyzed
for PBls. PBDs were detecied in 97.3% of the adipase tissue samples, in
O68'%: of the adult serum samgples, aud in 72.7% of the scoum samples from
childien. The mean FilD concentiation in adipase tissue was 400 ppls { peg/kg);
in seruns it was 1.3 ppd (upikg) for sdults and 1.8 ppb (ugkg) for childien.
The highest sdipose tissue concentsation was 37 ppim (mg/kg) (18). In adili-
- tivual studics, when colierts of PDU-exposed tesidents of Michigan wese
compacd with tesidents of the stale of Wisconsin, a higher prevalence of o
variety of symploms and complainls was noted in the Michigan residemts
(106). Similatly, in gnmparative neurubehavioral studics, thie Michigan pop-
ulation was found to be alfected more than that in Wisconsin (107),

Since the tindings were ool corselated with body burdens of PRI in any of
hese studies, detesmining whether other faclors smay be responsible Tor these
differences is difficult. ln 1976, the Michigan Departent of Public Jcalih
established » cohiont of fanmers who had been expused lo varying con-
ceolrations of PBUs in their products and their envisoniment. A total of V877
persons were enalled. They included farm residents, directiecipients of farn
products, chemical workers and their [smilies, and a lew persons who had
been oiginally studicd in a swaller previnus study.

The serum PBU levels in this entire group ranged froin nn detectabile tevels
to 1,900 ppb (ug/l), with a mean of 21.2 pph (pag/l) and a median of 3 ppb
{psg/l). Because of the wide range of eaposuse and hecause tesults could be
analyzed by regression analyses with exposure as a variable, a comparison
group fog scute health effects was not included. This cohort was found to have
varjous symptiins and conditions; however, these symptams did not corselate
with DU kxly buidens. Symplom prevalence rates weae slightly higher in
pessons with o detecialife PBiIs in serun than in those with measusable
quantilies. In all groups, including chemical workers and quarantined fann
sesidenls, the highest prevalence sates wete in persons wilh the lowest serum
PD devels (22).

Simitardly, in this study and in 3 pievious immunologic study (JOB) no
dose-rclaicd depression of lymphocyte funclion in persans eaposed to MRis
could be demonsirated. Al) these findings suggest thal there may be no causal
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1chatitmship Letween the abnormal lymphocyte funclions abserved in some
persons or the prevaleace of other symplams and exposwe to Ps. This
cohon of Michigan residents is still being followed by the Michigen Depart-
ment of Health in callaboration with the Centers for Discase Conttol. Scveral
studies of subgroups of this population and surveys for chronic healil effects
have been conducied since the cohwrt was lirst assembled (109, 19). When
scrum and adipose lissue concenliations were compared, a significant conela-
tion was found. The sceumn : adipose tissue concenlsation ratios ranged from |
1o 140 30 | 10 268 for pregnant wannen and male chemical workers, respec-
lively. Malces Trom [anns had a signilicantly dilfereni ratio of | to 325 to 329.
Potential transplacental passage of PDDs was demonsirated, since they could
alsu be found in thie fetus sond newhom. Cord blood comtained one-tenth of the
cancentration found in the matemal serum, which indicaled parial placental
passuge. Mumen mitk contained PBBs at 107-119 times the quantity found in
matcinal serwm. PBDs wete also detected in bile and feces, which indicaics
that these materials con be transferred into the intestinal tract. All of thesc
concenlrations were measured long afier the population had first been exposcd
1o FBBs (19). Concentrativns of PDs obscived in bile and feces were ubout
ane hall to seven-tenths of the serum levels and are probably about 0.5% of
the adipuse tissuc levels. These findings indicate that PIMIs ate very slowly
excrcted, which is consistent with the findings of Tuey & Matihews in rats
(110). The estimated haf-life fur B8 is 6.5 years. .

Moie recently, iwn groups of Michigan sesidents—those with high PUD
scrum levels and those wilth PDB scrum levels around | ppb-—were matched
lor age, sex, and simoking. For both groups, varivus clinica? taboratory tests
were conducted, blood pressure was mcasured, and height and weight were
determined. In this study, B3 panticipants had FBB- serum levels of 50 ppb
Cug/l) or inone. In the middle group, 83 had PBD fevels of 5-49 ppb and 96
had PO levels of 0-44 ppb {pgH) in scoum. Urinary porphytins were also
mcasured in all of the participants. Thus far, the final resulis of this siudy
have nit been rcporied. For most of the paramicters studied—which included
serum glucose, Iriglycerides, high-density lipoproteins, various liver func-
tions, crcatinine, uric acid, thysoid function, polcins, calcium and phospho-
tus in serum, and also messurement of various porphyrine—ao differences of
clinical significance were found smong dilfesent groups (M. Barone, personsl
coninunication). {(Note: Even though significantly more women in the high
POD grcup used hirth-control pills than wormen in the low PBB group, 1w
Jew were using them to affect urine porphyiin levels.) In none of a varicty of
aother studies conducted on this population as well as other groups in Michigan
did any findings imficate that exposusc to PBD had impaired the health of the
exposed group. All of these siudies have been reviewed by Frics (103).
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Athough this population was exposed during a 9-monh period in 1973 and
1974, whether it will have chronic health elfects is unknown. This paticular
cohont needs to be tollowed for 30 o 40 years before the question of chronic
beslih effects can be intellipently addressed. Two problemns with assessing
chronic health effecis are that the cohort, in spite of its size, is still selatively
smali and thal the smount of cxposure it has seceived varicd widcly. Although
somie membess of the group exposed 1o PBBs have relatively high body
burdens, these burdens see still spprecisbly lower than those of rats in which
liver cancer developed.

In the study by Kimbwough et a) (V11), liver cancer develnped in the rats
that received a duse of 1,000 mp/kg bidy weight. This dose for humans
would roughly translate into a duse of U grawms per person. These amouts
are much greater than the estimaied mean toal exposure per person. The
highest exposwie was shout §1.7 grams, and the mcan was 170 mg per
person. In rats given 200 mpg/kg, a dose that for humans would be between 12

wand 14 grams, only neoplastic nodutes developed in their livers; there was no
evidence of hepatocellufar carcinmnas. OF comse, whether humans would be
more or less suscdplible 1o the toxic effects of PBUs ond whether their
tesponse would be similar lo that of rals is nat known,

In conclusitn, various tosic effects of PRBs and PCDs have been described
in labocatory snimals. ln humans, acote puisoning outbreaks have only
occured following exposure 0 a combination of PCls and PCDFs. When
humans were exposcd ouly 10 PCBs or PBBs, the only ohserved acute effects
have generally been minor. So far, no significant chironic healih elfects have
“been causally associated with exposure i PCBs or PUDs,

Use of wade names is Igr identification only and does not canstitute
eadmscment by the Public Mealth Service or the US Depanimient of Nealih
and lluman Services.
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orinated Biphenyls:

How Do They Affect Human Health?

Uatil 1971, polychlorinated biphenyls (PCBs) were
used commercially in the U.S. in capacitors and trang-
formers, carbonless copying paper, paints, and hydraulic
fluid. While many countries have since restricted PCB
use, the compounds are stil! found in old transformers,
capacitors. and other products.

PCBs are a group of 209 stable, fat-soluble chemicals.
Not casily broken down, they have accumulated in.fish
from poiluted waterways, in wildlife, and in human
organs, fauty tissue, blood, and milk. In the late 1960s
and early '70s, PCBs were also detected in meat. cggs,
mitk, and cereal. Today, however, because of regulatory
restrictions and other measures, polluted fish are the
primary food source of PCBs for humans.

Because they are fat soluble, PCBs tend to concen-
trate in facty rtissue, and toa great extent, PCB levels in
different organs depend on the organs’ fat content. Thus,
in humans, fatty tissues contin the highest PCB concen-
trations. In fish. the highest levels are found in hody fat
and the hepato-pancreas, not the edible portion.

Aroclor is the commercial name for the American
product of PCB mixtures. Different mixtures are further
identified by codes. such as 1242, 1016, 1254, that
designate the percent of chlorination of the mixture.
Because the time necessary for different components of
PCB mixtures (0 break down in the enviconment varices,
PCB mixtures found in soils, sediments, 2nd biota have a

different composition from commercial products. Most
are similar, but not identical to Aroclor 1254

Studies in laboratory animals

To learn how PCBs fnight affect health, investigators
have studied PCB exposure experimentally in animals
and in humans occupationally or accidentally exposed to
the compounds.

Except for feeding studies in mink, which used PCB-
polluted fish, most animal studies have tested commer-
cial products. Results show that the toxicity of commer-
cial mixtures varies. Mixtures like Aroclor 1260. with 2
high degree of chlorination, produce liver cancer in rao.
Mixtures with much less chlorination, on the other hand.
yicld a much lower cancer incidence, with 2 wmor
incidence similar to that in unexposed rats. Most tests
have not demonstrated any mutagenic properties for
PCBs.

Other adverse effects observed in different animal
species vary. While all mixtures and congeners® tested
induce mixed-function oxidases in the liver. the type of
enzvmes induced varies, PCB isomers that appear more
toxic and thac are rewtined longer in the body seem to
induce aryl hydrocarbon hydroxylase. Liver enlargement
seems to accompany enzyme induction. In some species
fed high doses of PCBs, investigators have observed liver
cell necrosis and fae accumulation in liver cells.
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Rhesus monkeys exposed to technical
PCBs have developed hyperplasia, or over-
growth, of the epithelium of the gastric
mucosa. In mats, investigators have observed
cell tmansformation, noting that hepatic cells
transformed into pancreatic cells. This effect
on cell differentiation. apparently modified by
the epithelial growth factor, is more pro-
nounced in rats exposed to Aroclor 1254.
Because the mixrures tested may have been
conraminated with chlorinated dibenzofurans,
such contamination may have concributed to
the toxic effects and be partly responsible for
the variation in effects seen between mixtures
and between animal species.

In experimental animals, some mixtures
affect reproduction moce than others, bur alt
effects have been ferotoxic. In minks and
monkeys. investigators have noted sponta-
neous abortions; in rodents, they have seen
resorptions. Exposure to lower doses may
reduce the weight of the offspring. No one
has reported malformations after exposure to
PCBs. Finally, some species, such as monkey
and mink, are much more susceptible to the
toxic effects of these chemicals than rats or
rnj‘:c.l.l..!

Effects on humian health
Thus far, no conclusive adverse effects
have been demonstrated in people who carry

T A
s

Chiorinated
dibenzofurans
fMay be respoansi-
bic for the health
¢ffeces attributed
to PCBs,

Two

body burdens of PCBs from environmental
exposure (0 trace amounts of PCBs. Such
exposure is much less than that received by
workers who made transformers or capacitors
from the 1940s through the 1970s. -

Even workers with exposures two orders
of magnitude greater than environmental
exposures seem to show no convincing
chronic health effects. In a2 number of capaci-
tor plants, workers developed chloracne, a
pervistent skin disease that primarily affects
hair follicles. Whether the chloracne resulted
from PCB exposure or from exposure 10
chlorinated dibenzofurans, 1 known cause of
chloracne and a possible contaminant of the
PCBs, is unclear. There is reason to believe
that chloracne and other health effects popu-
larly associated with PCBs are really caused by
chlorinated dibenzofurans.

In 1968 in Japan and in 1978-79 in
Taiwan, two poisoning outbreaks took place
in people who accidenrally ate rice oil con-
taminated with a mixture of PCBs and poly-
chlorinated dibenzofurans. The poisoning,
called Yusho disease in Japan and Yu-cheng
disease in Taiwan, led to chloracne and dark
discolored skin among most of those exposed.
Children were born with erupted teeth, and
dentition of the permanent teeth was affected.
Further, these people-had many other acute
health effects, such as abnormal liver and
nerve function tests, abnormal menses, and
persistent bronchitis, Babies were born wich
dark skin discoloration and low birth weight
for term infants. In both episodes, later inves-
tigation established chlorinated dibenzofurans
as the cause of poisoning.

One reason for this conclusion is that U.S.
workers exposed to much higher PCB doses
than patients with Yusho anrd Yu-cheng dis-
¢ase do not show the same health effects.
Some workers complained of burning eyes.
nose, and throat. Some studies reported
abnormal liver funcrioa tests. One study. in a
capacitor plant, noted abnormal lung function
tests among the workers. However, these
waorkers had also had other exposures that
could have resulted in abnormal lung function
teses.*

Attempts to conclusively demonsteate
health etfects in populations thac eat tish from
polluted waterways have generally failed.
Qccasional reports have noted behavioral
changes and shorter pregnancies wich higher
tish consumption oc higher intake of PCBs.**
However, because these studies couldn’t rule



sut other causes, the significance of their

fndings is unclear.

Several occuparional studies have pre-
«nted nO conclusive sgicntiﬁc evidence that
pCBs have caused cancer in humans.* While

one study found a positive association

perween PCB blood levels and high blood
p;cssurc." the association appears spurious,
The levels of PCBs in serum are primarily a
function of the amount of fat present in

erum. Serum PCB levels are, for instance,
positively correlated with blood cholesterol
levels.*™ The associations disappear when PCB
levels are expressed as a function of fat in
serum rather than as whole serum. In popula-
tions on Western diets, both serum fac levels

.

humans.

the number ur focation of substisuents.

and whole serumn PCB levels increase with
age. They are usually higher in males than in
females, which corresponds with population
survey findings that females usually have
lower choiesterol levels than males in the
same age group. Finally, the prevalence of
elevated blood pressure also increuses with
age. In essence, all the associations go in
tandem and appear to be spurious.

Thus, despite positive laboratory animal
data and excepr for chloracne, exposure to
PCBs has led to no convincing, clinically
demonstrable, chronic health effects in

References: 1. Kim-
hriugh ot al., Eavicon
Health Penp. 29:775-
184, IY7N: 2. Kim-
brtiagh of al,, Envicon
Hezlth Penp. 59: 99
100G, 1945 3. Kim-
drhulh el al., Ann. Rev
Pharmacol. Toxiol.
T, 1987 4.
Jacubsuin et al., Div
Psvchol. 20:524-532,
1984; 5. Fein et ul., ),
Pediatr. 102:375-320.
1984; G. Kreiss et at., ).
Am. Med. Assoc.
245:25113-2%09, tysl;
. Lawton et al,, Envi
ton. Health Penvp.
60:/GS-184. 1945.

*Membens of the same chemical family; each member differs in

- Commentary

by Michael A.
Kamrin, Ph.D.,
Professor, Center
for Environmen-
tal Toxicology,
Michigan State
University

As numerous analyses of air,
water, sediments, wildlife, and other
environmental samples have shown,
PCBs zre extremely persistent com-
pounds found in all parts of the
environment.

In ambient air and water, PCB
levels are quite low. Even if one
assumes a lifetime exposure to the
highest measured levels ail day every
day, air and water offer a low risk of
human exposure, Fish, however,
appear 10 be a more significant source
of PCBs. Why? First, PCBs bioaccu-
mulare and biomagnify in the aquatic
food chain. Further, as many people
become more health conscious, they
tend to eac more tish. For people whao
Subsist almost enticely on fish they

Hamessing Natural Processes
To Degrade PCBs. |

catch themselves, high environmental
levels plus high consumption can lead
to significant exposure.

Because fish are such an imporc-
tant source of PCBs, government
agencies have taken steps to minimize
this exposure. On the federal level,
the Food and Drug Administration has
set maximum tolerance levels for
PCBs in fish sold in interstate com-
merce. To address intrastate consump-
tion, some states publish fish
advisories that recommend limited or
no consumprion of fish from bodies
of water significantly contaminated
with PCBs and other chemicals of
concern. A number of states bordes-
ing Lake Michigan have collaborated
on a common advisory for Lake Mich-
igan fish. .

\
PCB reservoirs

Limiting exposure by regulation
or recommendation does not address
the fundamental ceservoirs of expo-
sure—where PCBs are stored in the
enviroament. Available data clearly
indicate that the main sources of

PCBs in fish are the sediments in
contaminated rivers, lakes, streams.
and estuaries. About one-third of all
PCBs in the global environment are
contained in fresh and saltwater
sediments.

Most remaining environmental
PCBs seem 10 be stored in open
waters around the world. largely as 1
tesult of atmospheric transport and
deposition. Despite worldwide disper-
sal, however, studies of oceanic life
suggest that PCBs are not evenly dis-
tributed: the highest levels are in the
northern hemisphere. especially ar tac-
itudes that encompass the industrial
nations. ’

In addition to the large quantity
of PCBs in the cnvironment, an
approximately equal amiount is still in
use, mainly in diclectric fluids in
sealed clectrical equipment. The most
important step for limiting future
exposure enrails exercising greatr care
in disposing of all PCB-containing
materials still in service. {n most

.cases, users of electrical equipment
are taking care; continued vigilance

THREE
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snould spare the environment further
jsult from this source of PCBs.

{reating PCBs in the environment

PCBs already released, however,
sre more difficult to control. For
example, PCBs are dispersed in con-
amer and commercial products in
many sanitary landfills and private
dumps. Because of careless disposal,
pCBs from some sites have vaporized
and contaminated the atmosphere.
Locating and properly sealing disposal
sites can help reduce the environmen-
wl burden.

Still, because sediments appear to
be the most importaat reservoirs of
human PCB exposure, this is clearly
not enough. Because they are persist-
ent, PCBs become less available
mainly through burial, becoming cov-

“ered by organic debris over time. The

process is slow. While it takes place,
disturbances of botrom sediments can

resuspend PCB-laden particles to con- -

raminate the food chain for years to
come. Therefore, some environmental
researchers advocate actively attempt-
ing to reduce cnvironmental PCB lev-
tls, instead of wairting for nature to
take its course.

One approach has been to dredge
PCB-contaminated sediments for bur-
ial in secure landfills. This approach
has not proven successful. Incinera-
tion, used to some degree (o treat
contaminated soils, is both time-con-
suming and costly, and would be
tven more expensive as a treatment
for sediments.

Capitalizing on natural processes
Morce recently, a new effort has

begun, based on the finding that PCBs

™ .
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in sediments are degraded naturally,
probably theough the action of micro-
organisms. The degradation seems t0

- work by dechlorinating PCBs to form

less chlorinated, and generally less
toxic, congeners. Because natural
dechlorination seems to be quite
slow, researchers at Michigan State
University have been looking into
ways of improving on nature by
enhancing degradation rates. A logical
first step will be to determine if the
degradation is caused by microorga-
nisms and, if so, to isolate the organ-
isms responsible. '
If such organisms ¢an be cultured
and studied in the laboratory, it might
be possible to increase the environ-
mental degradation rate in a number
of ways. One would be to enrich the
soil or sediment with nutrients in
such a way that the desired bacteria
can increase greatly in abundance. In
a related approach, investigators
might seed anarea with a large quan-
tity of the organisms or, to maximize
the effect, use a combination of
enrichment and seeding. A thicd pos-
sibility is to genetically engineer non-

PCB degrading organisms to contain
the genes responsible for the degrada-
tion capacity. Introduced into the
environment under the right condi-
tions, these organisms could multiply
on their own and dechlorinate PCBs
tapidly.

If successful, these methods

. would provide a means of inr situ

destruction that could avoid the nega-
tive aspects of other disposal meth-
ods, such as 2ir pollution from-
incineration or possible spillage dur-
ing transport (o a secure site. Regard-

less of the efficiency of new

techniques, the volume of PCBs
already in the environment is so large
and so dispersed that.they will be
with us for a long time to come. The
hope is that cheir levels can be signifi-
cantly reduced in critical locations to
minimize the chance of human or
animal PCB exposure, Though we
can't put the genie back in the bottle,
it’s important that we tame it s much
as possible.

Suggested Reading: Tunabe, .. "PCR Prohlenis m
the Future: Foresigst from Current Knoudedye, ™
Eavieunmental Pollution 50. §-28. JONH: D'lirt, F

M. aned M.A, Kamirin, ects.. PCBs: Human and Enve
runmental Hazards, Ann Arbar Science, 1983, .

Minamata Disease

As the Update report from New fer-
sey points out, a lack of integrated
response from government agencies, lim-
fted implementation of regulations, and
poor communication can creute envi-
ronmental problems and hamstring their
management. The history below reviews
a case in which such conditions had
disastrous effects.

In April 1956, the Chisso Corpora-
tion's facrory hospital in Minamata, Jupan,
began to admit a number of patients with
delirium, disturbed speech, and abaormal

3

gait. In May, the hospital’s director
reported the outbreak of unknown dis-
ease of the cencral nervous system (CNS)
to the Minamara Dept. of Public Healch.
By December 1974, 798 patients with
**Minamata Discase™ had been officially
recognized; 107 had died; 2800 others
had applicd tor recognition. Forty cases
resulted from exposuse in utero.
Symptoms included sensocy loss:
ataxia; impaired speech, hearing. and gaic
difficulty in chewing and swallowing:
involuntary movements: and bilateral
Continued on page 8
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Abbreviations which may be unfamiliar to some readers include:

ppm parts per million

ppb parts per billion

kg kilogram; 1000 grams

gm gram (s) .

mg ‘milligram(s); one thousandth of a gram

;.|g/rr\3 micrograms (millionths of a gram) per cubic meter

pg/L micrograms per liter (approx. = ppb)

LD50 an acute toxicity measurement meaning dose lethal
for 50% of the test animals

EPA Environmental Protection Agency

FDA Food and Drug Administration

GGTP Liver serum enzyme gamma glutamy! transpeptidase

HEW Health, Education and Welfare Department (now

called Health and Human Resources Department)

NIOSH National Institute for Occupational Safety

Health

and

OSHA Occupatiogal Safety and Health Administration
p,p'-DDE Metabolite 'of DDT present as background in blood

analyses

SGOT l.iver serum enzyme gilutamic oxaloacetic transa-
minase

TLV Threshold Limit Value: an exposure concentration

representing conditions under which it is be-
lieved that neariy all workers may be repeatedly
exposed day after day without adverse effect.

-1-
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Although the production of polychlorinated biphenyls (PCB's) in the
U.S5. has been banned, cefinition of the human health risks they may pose
continues to be an important issue. The PCB's were widely used for
nearly 50 years, chiefly as dielectric fluids and plasticizers, and large
amounts are still present in electrical equipment that will require servicing
and disposal. PCB's are also present in numerous environments that may,
or may not, merit containment or restorative actions. Small, but meas-
ureable levels are found in some edible fish. Thus, the potential for
human exposure to PCB's remains.

At present, Company managers, employees, physicians and public
officials concerned with appropriate handling of these exposure situations
face a contradictory array of information on the possible hezlth hazards.
On the one hand, the U. S. press and environmental literature (e.g., ref.
1) increasingly portray PCB's as very toxic materials, and situations
resulting in human exposure at any level as hazardous and alarming. The
Toxic Substances Control Act of 1976 (TSCA) and attendant regulations
generally ban PCB manufacture, processing and distribution; severely limit
use; and impose strict requirements for PCB labeling, disposal and storage
for disposal. - .

On the other hand, many European countries have made a quite
different risk/benefit assessment of PCB's since they continue to permit
PCB manufacture and use in closed electrical equipment. More importantly,
40 years of U.S. occupational exposure in capaciter manufacturing has
proven relatively uneventfui, as judged by documented adverse health
effects.

Many medical studies or observations of human populations that were
heavily exposed to PCB's have been reported (2,3,4,5,6,7,8,9,10,11,12,13,
14,15,16,17,18,19,20,33,47,49,50,51,52,55,56,59,60,61,62). Some of these
investigations are very recent and have only become available since the
public image of PCB's was formed. Not all are yet reported in the pub-
lished literature. The authors have undertaken this paper to provide
perspective for General Electric managers and physicians, and toc help
identify situations of human exposure to PCB's that might present cause
for concern., It draws on extensive GE experience in plants manufacturing
PCB-filled capacitors, as well as on review of the scientific literature.
The paper reflects today's knowiedge and may be extended if significant
new information becomes available. The concluding section describes
on-going research that may provide additiona! information relevant to some
present uncertainties. \

This paper presents many guantitative observations because these are
critically important to any health effects perspective. The fact that PCB's
are persistent and readily detectable at low concentrations does not neces-
sarily mean that they are toxicologically significant.

*As used throughoul this paper “electrical-grade PCB's” describes various
PCB's used in GE capacnors and transformers.
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The PCB biceffects literature is voluminous, comprising several hua-
dred original articles., The present paper will not attempt to survey all
aspects of this information, but will focus on those portions the authors
judge most relevant to human health effects evaluation. In addition to
literature citations the bibliography lists health-related conference reports
(21,22,23,24,25) and several review books and documents (26,27,28,29,30).

|
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Section i

PCB Composition
and Terminology

In chemical terminology "phenyl" denotes a ring structure of six
carbon atoms attached to something else; "bipheny!" results when two such
rings are attached to each other; and a "polychlorinated bipheny!" (PCB)
is any molecule having muiltipie chiorine atoms attached to the carbon atoms
of a biphenyl nucleus. Biphenyl and a representative trichlorobiphenyl
(PCB) are illustrated below:

——

" %sf: Ry w
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Biphenyl 2,4,4'-Trichlorobiphenyl .(a PCB)

There are 209 theoretically possible chlorinated biphenyl molecules,
differing in the numbers (homologs) and positions (isomers) of the attached
chlorines; of these 209 species, about half have been identified as being
present among the complex mixtures that constitute commercial PCB pro-
ducts. These products range from light oily fluids (di-, tri~, and tetra-
chlorobiphenyls) to heavy, honey-like oils (penta-chlorcbiphenyls) to
greases and waxes (more highly chlorinated).

The manufacturers of PCB's sold them under trade names; e.g.,
“Aroclor" (Monsanto, USA), "Phenoclor" and "Pyralene" (Prodelec S.A.,
France), "Clophen" (Farbenfabriken Bayer AG, Germany), or "Kanechlor"
(Kanegafuchi Chemical Industrial Co. Ltd., Japan). They also assigned
product numbers that usually reflected either the-average degree of chlor-
ination or, what is equivaient, the weight-percent chlorine in the mixture.
Thus, the American Aroclor 1242, its French equivalent, Phenoclor DP3,
and its Japanese equivalent, Kanechlor 300, all contained 42% chiorine, or
3 chlorine' atoms per biphenyl! on the average. Likewise, Aroclor 1254 and
its German equivalent, Clophen AS50, contained 54% chlorine, or 5 chlorine
atoms per biphenyl on the average. Aroclor 1016 designated a Monsanto
PCB product similar to Aroclor 1242 with enhanced biodegradability, which
was accomplished by remeval of higher chiorinated homologs.

. . \

Electrical equipment manufacturers further purified these commercial
PCB products to insure electrical performance; blended them with stabi-
lizers and diluents; and then put the resultant PCB mixtures into capaci-
tors and transformers under their own trade names and product numbers.
GE's trade name for its PCB mixtures was "Pyranol." "Askarel" is a gen-
eric, industry-wide term for a PCB or other fire-resistant dielectric fluid.

—
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in short, the materials now collectively referred to as "PCB's" are
different complex mixtures of chlorinated biphenyls used under a wvariety
of product names. These mixtures aiways contained several dozen individ-
ual PCB isomers and homologs clustered around some average degree of
chlorination, frequently some trichlorobenzenes as diluents; often about

.0.5% of an aliphatic epoxide as a stabilizer; and parts-per-million levels of

trace impurities such as the polych!omnated derivatives of methylb:phenyls,
terphenyis, naphthalene or dibenzofuran.

1
'

Returning to chemical terminology, "furan" denotes a ring structure
of four carbon atoms and one oxygen atom; and “dibenzofuran" a tricyclic
arrangement of iwo benzene rings and one furan ring fused together.
This structure can result if an oxygen atom is added to a biphenyl system.
If multiple chlorine atoms are attached to this nucleus, then a "polychlor-
inated dibenzofuran”, or PCDF, results as illustrated below. There are
135 theoretically possible chlorinated dibenzofurans.

Cl

o] Ci

1 ,3,7-Trichlorodibenz_cfuran (a PCDF)

Trace levels of PCDF's have been detected in i{aboratory samples of
U. S. PCB's, including specimens of both individually synthesized isomers
and commercial mixtures (32,37). - There are two plausible explanations for
the presence of PCDF's in commercial PCB's: First, contamination may
have occurred during manufacture, possibly as a result of oxygen in the
benzene used to make the original biphenyl. Such contamination may have

existed in French and Japanese PCB's, but apparently was not significant-

ly present in American-made PCB's after one episode in 1933. Second,
PCDF's may have been formed during usage as a result of high tempera-
ture oxidation. Oxidation experiments (31) report maximum conversion of
Aroclor 1254 to total PCDF's as 2-3% at 550-600°C. Conditions suitable for
significant conversion of PCB's to PCDF's did not exist in the norma!
manufacture of, and are not expected in the normal use of, capamtors and
transformers, but may occur in high-temperature heat exchangers.
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A related group of molecular species mentioned in this paper are the
polychlorinated quaterphenyls (PCQ's), which contain four phenyl units
and a variatle number of chlorine atoms as illustrated below:

Ciy Ciy

Ciy cly

Polychlorinated quaterphenyl (PCQ)
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The Swann Chemical Co. began commercial U.S. production of PCB's
in 1929. In 1935 Monsanto Industrial Chemicals Co. (Monsanto) purchased
Swann and continued the manufacture of PCB's, initially at Anniston, Ala.
and later at Sauget, Iil.

PCB's are excelient non-flammable, high-boiling, thermally and chemi-
cally stable dielectrics and solvents, and these properties led to.a wide
range of industrial applications. In addition to serving as dielectric fluids
in capacitors and transformers, PCRB's were used as plasticizers, hydraulic
and heat exchange fluids, and were incorporated into such products as
dust~-settling agents, die-casting lubricants, inks, dyes, paints, pesticides
and adhesives. PCB's were widely used in carbonless reproductnon paper
and entered paperboard production.

PCB's from such sources have entered into the. environment. Slow
biocdegradability and bicaccumulation account for the presence of PCB's in
sediments under rivers and lakes and in fish. Trace quantities have been
found in some other food as well. As a result, PCB's are found in trace
‘quantities in the blood and fatty tissue of the human populations of all
industrial nations. :

Concern over such accumulations in the environment led Monsanto in
1970 to begin voluntarily restricting PCB sales to manufacturers of sealed
electrical equipment (33). In 1976 Congress enacted TSCA, which man-
dated a phaseout of PCB production and use. Aithough similar PCB phase-
outs were instituted in Japan, Canada and Sweden, many other industrial
nations (e.g., U.K., Germany, France, Spain and others) continue to
permit PCB production and the manufacture of PCB-filled capacitors and
transformers.

Estimates (34) for the cumulative total of U.S. industrial uses of
PCB's from 1930 to 1975 and their service status in 1976 are noted in
_Table 1 beiow: ’

Table |
Millions of Pounds
Industrial PCB's Currently
Use PCB Purchases in Service
Capacitors 630 450
Transformers 335 300
Plasticizers 115 ) ?
Hydraulics and Lubricants 80
Carboniess copy paper 45
Misc. industrial 28 : *
Heat transfer _20 T
Total 1253 8
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Estimates (34) of the status of these
below:

Table 1)
Disposition

Environmentally biodegraded

incinerated

Landfills and dumps

In soil, water, air and sediment

Currently in electrical service

In use other than electrical service
Total

———— et
—————y

PCB's are shown in Table Ii

Millions of Pounds

30
25
290
150
750
8

3

125

——————
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A. QObservations on Test Animals

1. General Biceffects PCB's resemble other fat-secluble chlorinated
organic chemicals in biological uptake and interna! transport. An animal
can readily absorb PCB's through the lungs upon inhalation or through the
intestines following ingestion, or less readily through the skin after phys-
ical contact. Fish can absorb PCB's through the food chain or through
their gills, and the bioconcentration factors* can range between 103 and
105 Once inside the body PCB's gradually distribute themselves equally
among all fatty deposits present. Elimination processes are generally slow,
especially for the more highly chlorinated homologs.

When increasing doses of PCB's are administered to animals the first
observable effect is the induction, primarily in the liver, of the cellular
enzymes variously known as "drug metabolizing" or “detoxification® en-
2ymes, or as "mixed function" (i.e., chemically non-specific) oxidases.
These enzymes catalyze chemical processes by which the animal's body
seeks 10 convert lipid-soluble foreign "chemicals into water-soluble sub-
stances excretable in the urine. Such effects are also produced by many
other substances, and are generally regarded as physiological rather than
patholegical processes.

At high enough doses in animals, PCB's can induce many types of
toxic effects and eventually death. The reported toxic effects with chronic
exposure include chick edema disease and teratogenesis in chickens; liver
hypertrophy, fibrosis, neoplasia and cancer in rodents; gastric and der-
matolcgical lesions in monkeys; and reproductive dysfunction in several
species. An extensive literature on this subject is referenced in the
bibliography (21-30).

There can be differences in toxicity between different PCB products,
with the higher homologs generally being reported more toxic in chronic
tests and the lower homologs more toxic in acute tests. There can also be
large toxicity differences observed between different specimens of the same
type of PCB, apparently caused by impurity~level variations.

2. Impurity Effects In 1970 a Dutch scientist, J.G. Vos, ob-
served striking differences in chick embryotoxicity among three commercial
PCB's that all contained 60% chiorine: Aroclor 1260 (which had virtually no
effect), Clophen A60, and Phenoclor DP6. He then demonstrated that the
variable toxic agent in the system was an impurity, polychiorinated diben-
2ofuran (PCDF) (35). He also showed that this impurity was responsible’
for chloracne in PCB dermal tests with rabbits (36).

it is not possible to determine if the toxic response wvariabilities ob-
served in other PCB animal tests should be ascribed to variations in PCDF
levels because, unfortunately, few of the investigators reported impurity
levels in the PCB specimens they tested. Chemical analyses have sub-

‘A bioconceniration lactor is detined as the ratio of the PC8 concentration
in 8 fish to that in its ambien! water

«Qa
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sequently reported that Eurcpean and Japanese PCB's. contained 5-20 ppm
PCDF as manufactured, while the U.S.-made Arociors had 0-2 ppm (37).

3. Structure-Activity Relationships Many recent animal studies
have aimed at relating the molecular structures of individual PCB, PCDF or
similar molecules to their biological activities. These studies have shown
that chloracnegenic activity is .specifically associated with molecules shaped
like flat rectangles with chlorines at the corners (32). All such chioracne-
genic species are also capable of inducing one specific type of mixed
function oxidase, designated cytochrome P448 because of its spectral ab-
sorption band position.

Most iower homoiog PCB molecules do not induce P448; however, some
higher chlorinated PCB homologs, which constitute a few percent of the
higher Aroclors and which are virtually absent from the lower Aroclors, do
exhibit moderate P448-inducing activity. By comparison, 2,3,7,8 -tetra-
chiorodibenzofuran is 700 times as potent a P448 inducer in rats as the
active PCB isomers and is many orders of magnitude more biologically
potent than most other PCB and PCDF molecules (26 chap. 6).

4. Toxicity and Carcinogenicity Test Results Toxicity testing of
PCB's in experimental animats has produced a large body of experimental
observations. Repeated short-term feeding tests have shown the acute
toxicities of PCB's in animals to be low, with LDSO vaiues reported from
1,300 to 11,300 mg per kg of body weight (29).

Concerns over chronic human health effects of chlorinated aromatic
hydrocarbons (including PCB's) led to a series of 3-4 month inhalation
tests in animals at the Harvard School of Public Health in the 1930's (38)
and confirmatory tests at the University of Cincinnati's Kettering Labora-
tory in the 1950's (39). From the observations in both test series the
investigators recommended threshold limit values (TLV's) of 1000 pg/m? for
PCB's with 42% chlorine or less, and 500 pg/m3 for the more highly chior-
inated PCB mixtures. These TLV's, used by industry during the remain-
ing period of PCB use, were accepted as standards by the American Con-
ference of Governmental Industrial Hygienists (ACGIH) in 1956, and by
OSHA in. 1971, and were adopted by many other countries as well.

wWhen PCB's are chronically administered to rats in increasing doses,
there is apparently a dose-related progression from "no-effect”, to mild,
reversible effects (40) to serious irreversible liver disease. The observed
progression of effects on rodent.livers includes cellular enzyme induction,
microsomal proliferation, cellular hypertrophy, focal necrosis, fibrosis and
eventually the development of increasingly abnorma! types of tissue (417,42,
43). In some of these tests in rodents, PCB's have been judged to show
carcinogenic activity, while in other tests the same materials (Aroclor 1254
and 1260) were judged not to have shown carcinogenic activity (33, 42,43,
44). . )

-10-
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Reports of positive carcinogenic findings in long-term tests of sub-
stances in rodents at high dosage levels, while prompting caution with
respect to human exposure, are not an uncommen observation. General
Electric has noted that in HEW's "Survey of Compounds Which Have Been
Tested for Carcinogenic Activity", PHS Document 148, Vols, 4,5,6, & 7,
70% to B0% of all substances tested from 1960 to 1973 were reportad to
produce excess tumors in animals (45,46).

B. Human Health Effects Observations

1. Early Occupational Chloracne Reports During the first 35
years that PCB's were in industrial use, three American medical reports
described unambiguous episocdes of PCB-linked occupational illness.* Two
invoived PCB vapors from high-temperature equipment, and the other was
ascribed to an unidentified impurity.

The first episode occurred in 1933 at the Swann Chemical Co. when
23 of 24 men working on the manufacture of PCB's almost simultaneously
developed skin eruptions diagnosed as "chloracne." The eruptions were
similar to adolescent acne, i.e., a progression of blackheads and pustules
that persisted several months before disappearing. Some of the men also
complained of lassitude but showed no clinical signs of ill health other than
the skin condition. In their report on this PCB episode, the investigators
concluded that the toxic agent was probably an unidentified impurity that
appeared in the PCB when a new source of crude benzene was used for
making the biphenyl (47). When purchase from this benzene source was
discontinued and the process equipment better enclosed, the problem
disappeared.

Chloracne was known by this time to be induced by chlorinated coal
tar products and by chlarinated naphthalenes (Halowaxes)., Later, occupa-
tional chioracne was frequently observed among electrical workers who
handled "cable wax" containing the latter materials. Chloracne was found
to clear up some time after the contact was removed and improved hygiene
instituted. Concerns about long-term effects of chloracne have been ad-
dressed by a recent study, in which a group of 121 male chemical workers
who had experienced a chloracne attack in 1949 (unrelated to PCB's)
showed no excess in total mortality nor in cancer mortality after 29 years
(48). A background incidence of chloracne in children in Northern !taly
has been reported as 0.1-0.5% (26, p.331). ;

The second episode involving PEB's occurred in 1950 and 1951, when
7 of 14 people exposed to vapors (reported at 100 pg/m3) from a leaky
PCB-containing heat exchanger developed chloracne (49). A third epi-
sode was noted in the early 1960's when 13 of 16 people exposed to vapors
from an oven in which PCB-plasticized enamels were being baked were
similarly affected (50).

(5ome other early papers confusingly associated PCB's with the heaith
effects of certain other chlorinated hydrocarbons.

E——
[ —— ——
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2. Yusho Episode ‘Despite the fong and relatively uneventful
PCB occupational exposure experience the Japanese "Yusho! (ecil-disease)
incident in 1968 created a wave of concern. In that episode some 1300
people in southwestern Japan developed a very severe and persistent form
of chioracne after eating rice oil found to have been contaminated by fluid
leakage from a heat exchanger originally filled with Kanechior 400, a
Japanese PCB (51).%

In addition to the acne-like eruptions and feelings of lassitude pre-
viously observed in chloracne outbreaks, the Yusho victims commonly ex-
hibited swelling of the upper eyelids, increased eye discharge, hyper-
pigmentation of the nails and skin, sweating of the palms and a variety of
other individual effects. Signs of the disease were also transmitted in
some cases to newborn children. The brown dermal pigmentation of these
children is reported to have diminished with time. (26 chap. 981). In the
same period a chick edema epidemic that killed 400,000 chickens was traced
to consumption of feed containing the same rice cil. The first contaminant
to be identified in the rice oil was Kanechlor, and a widespread demand
for controls or elimination of all PCB's resulted.

After the Vos identification of PCDF impurities as the active toxic
agent in two PCB animal test sytems, Japanese scientists reanalyzed some
of the rice oil specimens that had caused Yusho illness (52). From 1975 to
1978 it became known that these rice oil samples contained about 1000 ppm
PCB's, 5 ppm PCDF's and 1000 ppm of another chlorinated material, later
identified as polychlorinated quaterphenyl (52,53,54). The PCDF's and
PCQ's presumably were formed from PCB's by thermal oxidation and con-
densation in the heat exchanger at high temperature. The apparent PCDF
content of the leaking heat exchanger fiuid, calculated from the above
analysis of rice oil contaminants, is 2500 ppm (0.25%), a very high level
compared to PCDF levels in U.S. electrical-grade PCB's as manufactured
(0-2 ppm).

As the Yusho victims were estimated to have ingested an average of
2.0 gm of the heat exchanger fiuid (51), this amount would have included
about 1.0 gm each of PCB and PCQ, along with approximately 5 mg of
PCDF. As will be noted later, 1.0 gm of PCB is less than the average
body burden of heavily exposed capacitor workers; however, the Yusho
victims apparently eliminated their PCB burdens more rapidly than capaci-
tor workers, exhibiting nearly normal background levels of PCB's after 5
years. Nonetheless, many Yusho patients remained sick, and such autopsy
liver samples as became available showed concentration of penta- and
hexa-chlorinated PCDF's in that organ (52). :

A second episode, inavolving essentially identical circumstances and con-
sequences, has jus! been reported from Taiwan (59).
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These later Japanese investigations linked the disease to the PCDF

‘econtent of the rice oil. This conclusion is consistent with PCDF activity in

animal tests and with the observation that body burdens of electrical-grade
PCB's (from inhalation and skin contact) larger than the PCB doses in-
gested by Yusho victims have not induced Yusho illness in capacitor
workers. ‘

The Japanese Yusho investigators also reported that the minimum dose
for induction of the disease was about 0.5 gm of the thermally decomposed
heat exchange fluid (the PCB-PCQ-PCDF mixture) (51). Using a range of
reported PCDF analyses (52), the PCDF toxicity threshold dose might
therefore be estimated at 1.0 - 1.5 mg.* A similar threshold dose (1.26
mg) has been estimated from data on the amount of PCDF consumed by pa-

tients before the onset of the symptoms in the recent episode in Taiwan
(60).

3. Effects of Eating Fish Containing PCB's The Michigan De-
partment of Public Health, under the sponsorship of FDA, conducted a
study of 182 adults, 105 of whom consumed over 26 pounds of Great Lakes
fish per year. A significant correlation between blood PCB levels and
quantity of fish eaten was observed. The mean blood PCB value for the
exposed group was 73 ppb, while that of the comparison group was 20
ppb. Individual biood PCB levels ranged from 7 ppb for a2 person who ate
no fish to 366 ppb for one who ate 132 pounds per year (11,12).

Evaluation of health histories and current medical problems of the
study subjects failed to identify a significant difference between the ex-
posed and comparison groups. Symptoms characteristic of reported PCB
toxicity (Yusho symptoms) were not found nor did those with the highest
PCB levels have a consistent pattern of complaints or conditions. Although
the data demonstrate an association between fish consumption and PCB
levels in humans, no toxic manifestations from this exposure have been
identified to date (12). The question of PCB accumulation over time and
the effects of long-term exposure are being evaluated in a continuation of
this study.

A recent study (61) of 458 persons who had significant exposure to
DDT from eating fish also reported PCB blood levels (arithmetic mean, 22
ug/L; range 3.2- to 158 pg/L). The authors report that the following
significant correlates of log diastolic blood pressure might account for
24.1% of its wvariation in this cohort: body mass index, 6.8%; sex, 8.3%;
log PCB level, 6.3%; age, 1.5%; Hollingshead index, 1.1%. :

. .

4. Clinical Studies of Capacitor Workers The most extensive long-
term exposure of humans to PCB's has probably occurred in capacitor
plants around the worid. (There were 17 capacitor plants using PCB's in

‘A racen! reanalysis ol YUSHO patient data puts this figure at 0.6 mg.(26 p. 291)

-13-
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the U.S.) "Many employees in” these plants had daily PCB skin contact for
several years and inhaled PCB's at levels in the 100 to 1000 pg/m®range.
General Electric's major capacitor fluid usage was originally Aroclor 1254,
then changed to Aroclor 1242 around 1954, and subsequently to Aroclor
1016 (and some 1221) in 1971. This usage pattern was probably typical of
the industry.

PCB blood tests of 174 heavily exposed GE capacitor workers have
indicated a geometric mean* around 300 ppb and an arithmetic mean of
about 500 ppb. Ten percent of the individuals' analyses were above 1000
ppb. A blood PCB wvalue of 300 ppb roughly corresponds to a 100 ppm
level in fatty tissue of the same individual, or a body content of about 1.5
gm (16). By comparison, mean serum PCB background levels for various
groups of industrially unexposed persons in the U.S. range from 2-24 ppb
(26 p.269).

tn capacitor plants the most frequent PCB-related health effect ob-
"served was transient skin rashes affecting a small percentage of exposed
employees. For example, analysis of GE medical records of the Ft.-Edward
and Hudson Falls, N.¥Y. plants for the 1560-1975 period showed a cumula-
tive total of 49 contact and allergic-dermatitis cases attributed to PCB's
" among an exposed employee group totalling about 1300 individuals (5).
This condition responded to simple topical treatment and employee reassign-
ment to other work areas. The medical records of this worker population
have shown no cbvious incidence of systemic disease attributable to PCB's.
Additional studies (described below) are continuing.

Observations of high PCB blood levels, some dermal conditions and
isolated cases of chloracne have been reported in the industrial hygiene
literature of Japan, Finland, Australia and Italy (2,3,4,6,7,8). The re-
ported biochemical examinations (2,3,4,6,7) identified scattered individual
abnormalities in serum enzymes; however, ©on a group basis the various
liver function tests were considered normal. The [talian chloracne cases of
ref. 7 were observed in men who had worked where the level of Aroclor
1254 was measured at 5200-6800 pg/m3 (10-14 times the U.S. TLV). Ref.
4 states that the Finnish capacitor workers are in good health and that, in
spite of approximately 50 times larger PCB concentration in their blood
compared with a control group, the researchers were unable to detect any
biological- effect caused by PCB in them.

In a 1977 U.S. study 32 capacitor workers were examined in a pro-
gram sponsored by the South Carolina State Department of Health fand
Environmental Control (DHEC). Newspaper reports (January 1978) quote
Dr. D.H. Robinson of the DHEC.as saying that the study "clearly shows
that at present there is no evidence of physical harm resulting from work-
ing with PCB8's." Dr. Ira Rosenblum of Albany Medical College, who
directed the study, is also quoted as stating, "It is exceedingly difficult

*The geometric mean of n numbers equals the nth root of their product.

For a log normally aistributed population the geometric mean equals
the median.

-14-
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to establish a2 cause-effect relationship between exposure to PCB's in the
workers' environment and any sign or symptom of acute disease of occupa-
tional origin (9)."

A study of occupationally exposed Bloomington, Ind. capacitor work-
ers and other residents, reported. in 1978, did not note liver injury, but
found that levels of GGTP liver enzyme and plasma triglycerides were
positively correlated with those of serum PCB's (10). No correlations were
cbserved between serum PCB levels and five other liver function indica-
tors. A letter to the study participants from the U.S. Center for Disease
Control noted that human cancer risk would remain unknown until the
extensive mortality study (reported below, ref. 15) then being conducted
by NIOSH had been completed.

A broader clinical study of 224 Bioomington, Ind. capacitor workers
was later conducted by NIQSH. The investigators reported in a prelimin-
ary draft (1881) that the plant employees' serum L-PCB levels* were 8 to
50 times, and their serum H-PCB levels* 2 to 4 times, the community
background level (17). A parallel study was also conducted of 92 em-
ployees in two electric utilities, 39 of whom were active in the maintenance,
repair and overhaul of transformers (18). A draft report covering both
studies (63) stated that no clinical abnormalities directly attributabie to
PCB exposure were observed on physical examination. Serum SGOT,
GGTP, triglycerides and HDL-cholesterol were within normal ranges. The
first three of these parameters were correlated positively, and the last,
negatively, with serum PCB levels.

One report at variance with this pattern of clinical studies describes
a recently published study of 80 Italian capacitor workers who were chron-
ically exposed to French and lItalian PCB's containing 42% chlorine. PCB
concentrations in air were reported from 48-275 pg/m3, and skin absorp-
tion was noted. Fifteen of the 80 exhibited skin abnormalities, including 4
diagnosed as chioracne. Sixteen other workers were judged to show more
or less pronounced hepatic invoivement, as deduced from symptoms, clini-
cal examination of the liver, and serum enzymes (19,20).

In 1976 Dr. Irving Selikoff of Mt. Sinai Schoo! of Medicine began a
study of the health status of capacitor workers in the GE plants at Hudson
Falls/Ft. Edward, N.Y. Three hundred twenty-six wvolunteers, some of
whom had a long history of occupational exposure to PCB's, were given
extensive medical examinations. In\ one paper the investigators reported
average PCB blood levels of 124 ppb (lower homologs) plus 48 ppb (higher
homologs) and noted a correlation between individual values and the esti-
mated job exposure. A number of dermatological findings were reporied,
some of which showed an association with blood PCB levels of the higher

*L-PCB (lower homologs) and H-PCB (migher homologs) are defined as

species having respectively shorter and longer gas chromatographic reten-
tron tumes than p,p’ -DDE.
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homoiogs. The authors noted a paucify of other abnormal findings on

" physical examination, inciuding a very low prevalence of abnormal liver

findings (13). 'In .another 1979 paper the Mt. Sinai group reported that
143 of the workers examined had abnormal vital (lung) capacity, compared
with 5.6% cited for Morris' non-smoking normal population (14, 62). We
believe the significance of this observation is uncertain.

Medical surveillance by General Electric of a group of 174 heavily ex-
posed capacitor workers has consisted of muitiple examinations over the
last four years. The GE service of this group averages over 15 years,
and ranges from 1 to 35 years, About 20% of this study population is
overweight, shows elevated serum triglycerides and periodic, mild eleva-
tions of fasting blood sugar. However, the medical examinations have not

© revealed serious health problems related to PCB exposure. The pulmonary.

function tests of the non-smokers in this heavily exposed population were
in the normal range.

As previously noted, the serum PCRB levels in this group are high
(1979 arithmetic mean of 500 ppb with 10% of the individual analyses above
1000 ppb) and persistent. The only clinical parameter thus far found to
be statistically correlated with the serum PCB level is that of serum trigiy-
cerides. The interpretation of this correlation is confounded by the fact
that PCB's distribute equally among all lipid pools in the body, including
those in the biocod; and hence for any given PCB body burden the serum
PCE level must vary directly as the level of serum lipids.

A rough correlation whncrr is emerging from this study of GE capacitor
workers is that people who arle exposed to airborne PCB's for long periods
may show an increase of about 0.5 ppb in their blcod for each 1 pg/m?
present. Thus long-term enan‘onmental exposure to air containing 2 pg/m?
PCB might be expected to add about 1 ppb to an average person's 2-24
ppb PCB background level, a small amount-compared with the normal
background, and insignificant compared to levels reported in heavily ex-

posed capacitor workers (30-3000 ppb ref. 17).

5. NIOSH Mortality Study. Three preliminary reports have sug-

. gested a possible epidemiological association between PCB exposure and

human cancer (33,55,56). All of these have been regarded as inconciusive
because they iqvolved small groups of people, few deaths, uncertain levels
of exposure to PCB's and to other chemicals, short latency intervals, and

" lack of consistency in cancer site. The International Agency for Research

on Cancer evaluated the evidence available through 1579 for PCB's causing
cancer in humans as "inadequate", meaning "insufficient to allow any °
conclusion regarding carcinogenicity for humans" (30). The FDA's assess-
ment in 1979, based on review of both animal tests and the human reports,
was that the question of carcinogenicity of PCB's was unresolved, though
a matter worthy of further inquiry (57). Shortly thereafter, more defini-
tive evidence became available from a long-term NIOSH study of two PCB-
exposed capacitor worker populations.

-16~-
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A report of this NIOSH mortality study (15), by far the most com-
prehensive ever conducted concerning human PCB exposure, provides the
best current data on mortality experience. This retrospective cohort,
standardized mortality study includes 2567 PCB-exposed houriy capacitor
workers in two plants, one of which was the GE Hudson Falls/Ft. Edward,
N.Y. complex. The cohort was defined as all workers who accumuiated at
least three months employment: in areas of the plant where there was
potential for exposure to PCB's. Exposure in one plant began as early as
1938, in the other by 1946. A total of 39,018 person-years had been accu-
mulated by the January 1, 1976 study cutoff. Personal air samples in the
plants in April, 1977 ranged from 24 to 1260 pg/m® and area air samples
from 3 to 810 pg/m3 PCB's.

The NIOSH study reported that the incidence of all cancer mortality
for these plant populations was slightly lower than that of the general
U.S. population, or 39 deaths due to malignant neoplasms vs. 43.79 ex-
pected based on national norms adjusted for age and sex. For other
causes of death the findings were as follows: from cardiovascular disease,
60 vs. 62.93 expected; from nervous system disease, 11 vs. 12.55 expected;
from accidents, 13 vs. 18.29 expected; and from al!l other causes, 40 vs.
44.79 expected. Deaths from all causes were 163 wvs. 182.35 expected.

No statistically significant excesses of specific cancer types were
observed, though the authors called attention to four rectal and three
liver cancer cases (85 of 7 in one plant). We believe this observation
should be followed up by extension of the study time span, because these
reported rectal and liver cancer cases are too few to be statistically mean-
ingful. Liver cirrhosis deaths were higher than normal in one plant (with
the possibility of some alcohol association noted) and lower in the other,
with the total cohort experience about equal to national horms. None of
the causes of death analyzed demonstrated a clear association with latency.
There was no clear relationship between increasing iengths of empioyment
in PCB-exposed jobs and the risk of mortality due to cancer or cirrhosis
of the liver.

While the mortality experience reported in this paper is reassuring, it
should be recognized that even this large study does not yet encompass
enough person-years of experience to exclude the possibility that there
might have been increased risk of some uncommon type of disease. Fur-
ther, the plant populations described were not segregated between those in
lightly vs. those in more heavily exposed jobs, which might have provided
more data concerning dose-related differences.

\
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C. Health Effects Summary

To summarize, there is now available a scientific literature of several
hundred papers describing many facets of the biological behavior of PCB's
in animals: routes and rates of uptake and elimination; bicaccumulation and
persistence; enzyme induction; other pharmacological effects; and the
effects of molecular structures of individual PCB molecules or impurites on
biological activity. This [iterature includes early toxicological studies that
led to recommendations to limit continuous occupational PC8 exposure to
500 or 1000pg/m* (depending on the degree of chlorination).

Nearly 50 years of experience has shown that electrical-grade PCB's,
at industrial occupational exposure levels, are not acutely toxic to humans.
A continuing concern about these materials has been potential chronic
effects, since exposure to PCB's leads to accumulation in the body and
retention for long time periods. The largest available source of data on
such effects is presented by capacitor worker populiations.

Thousands of such individuals received light to heavy exposures to
PCB's of Aroclor types 1254, 1242, and 1016 over many years, and eievated
levels of PCB's in their blood and fatty tissues continue to be observed.
A number of clinical studies of such exposed worker groups have now been
completed (2,3,4,5,6,7,8,9,10,13,14,16,17,19,20,63). Dermal reactions

‘were noted In some cases. These included some rare observations of

chloracne, especially in plants outside the U.S. Some studies report
correlation of serum enzymes and triglycerides with serum PCB leveis. In
sum, the preponderance of these studies neither identify significant clinical
disease associated with electrical-grade PCB exposure, nor provide persua-
sive evidence of health impairment. In addition, the NIOSH study of the
long-term mortality experience of a large group of hourly capacitor workers
at two plants showed no excess in total mortality, nor in mortality due to
cancer, to cardiovascular disease or to nervous system disease.

A human hazard that was not recognized early was the possibility that
PCB's used in high temperature environments, such as heat exchangers or
baking operations at 270°C and higher, could be partially oxidized to
PCDF's with a consequent increase in toxicity. This factor makes the

- YUSHO "episode not directly relevant to the usual U.S. occupational or
" environmental exposure. Even in such special cases the health risk ap-

pears to be finite. The Japanese and Taiwanese Yusho investigations both
provide evidence that the PCDF threshold dose for inducing Yusho illness
is 0.6-1.5 mg. This may provide a benchmark for evaluating PCDF risk
and for considering whether protective measures are needed when a PCDF
level is identified in an environment (as, for example, in air with PCB's
which.have been overheated, or as trace quantities in the edible portion of
fish). The available analyses indicate that U.S. electrical-grade PCB's
contained 0-2 ppm PCDF's as manufactured. Such levels may be consider-
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ed _toxicoloegically insignificant since intake of about a kilografn of such
PCB wouid be needed to acquire a threshold dose of PCDF. However,
additional measurements are neecded to check the °CDF levels in used
PCB's.

In view of the tack of evidence for health damage in people with
heavy PCB exposure in the past (daily skin contact and inhalation of air
containing 100-1000 pg/m3 ), there does not presently seem to be a sub-
stantial basis for concern about the effects of exposure to environments
containing electrical~-grade PCB's at the greatly reduced levels typically
encountered today. Accordingly, while a confirmed blood or fat tissue
PCB analysis* significantly higher than the local average may indicate
exposure, there is little reason to believe that significant adverse health
effects will occur. In the light of our present knowledge there is no fur-
ther examination procedure or therapy which is likely to be meaningful.

While the lack of evidence for serious effects of electricai-grade PCB8
exposure on capacitor workers is encouraging, the studies available today
do not completely rule out the possibility of subtle or infrequent effects in
some individuals who were heavily exposed in the past, and more obser-
vation time is needed to reduce uncertainty about the very long-term ex-
perience of these people. Concerns about the reproductive experience of
heavily exposed individuals also need to be addressed. The concluding
section of this paper describes some on-going research programs that may
resoclve some of these uncertainties.

*Any unconfirmed single PCB analysis should be regarded cautiously: a
recen! round-robin study by the N.Y. Stare Department of Health showed at
least one case where 2 out of 10 commercial analyses of the same sample
repofted PCB values that were 20-loid dilferent from the mectan.
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The concern about environmental accumulation of PCB's and about
possible human health effects led in 1976 to the enactment of Section 6(e)
of TSCA. Section 6(e) directs EPA to prescribe PCB marking and disposal
requirements; generally bans continued PCB use except in a "totaily en-
closed manner;" and generally bans PCB manufacture, processing and
distribution. The PCB Disposal and Marking Rule and the PCB Ban Rule
promuligated by EPA to implement Section 6(e) contain the following major
features (58): .

- Most items that contain 50 ppm (0.005%) or greater PCB must be
labeied.

- All liquids that contain 500 ppm (0.05%) or greater PCB and
PCB-containing capacitors with 3 Ibs. or more dielectric fluid
must be disposed of in an EPA-approved high temperature incin-
erator.

- All liguids that contain between 50 ppm and S00 ppm PCB must
be disposed of in an EPA-approved high temperature incineratoer,
in a high efficiency boiter or in an EPA-approved chemical waste
landfill.

- PCB-containing capacitors with less than 3 Ibs. of dielectric fluid
- may be disposed of as municipal solid waste uniess owned by a
capacitor manufacturer or manufacturer of items that contain
such capacitors {(e.g., microwave ovens, electronic equipment
and fluorescent light ballasts and fixtures). These manufac-
turers must dispose of their PCB-containing capacitors in an
EPA-approved high-temperature incinerator.

- Waste oil that contains any detectable concentration of PCRB's
cannot be used as a sealant, coating or dust control agent.

- Most items and liquids that contai-n 50 ppm or greater PCB and
that have been designated for disposal must be stored in com-
pliance with specific requirements.

- PCB's contained in intact, non-ieaking capacitors, transformers
and electromagnets are being used in a "“totally enclosed man-
ner;"* therefore, such capacutors, transformers and electromag-
nets may remain in service.

N The manufacture, processing, distribution and use of PCB's in
‘ concentrations below 50 ppm may continue without restriction*,

*A recent cour! decision requires EF A to re-examine this delermination.

U S PCB Hegulatlons’
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tw/ - Eleven uses of PCB's in other than a “totally enclosed manner®
(including servicing transformers and electromagnets and PCB
use In existing stocks of carbonless copy paper, in pigments and
in heat transfer and hydraulic systems) may continue subject to
certain conditions and time limits. '

The FDA has established tolerances for unavoidable residues of PCB's
in several classes of food. Present tolerances are given below (57):

Milk and dairy products 1.5 ppm (fat basis)
Poultry 3 ppm

Eggs 0.3 ppm

Fish and shellfish (edible portion) 5 ppm *

*In 1979 the FDA reducec the lolerance for lish ang sheflfish to 2 ppm. but
stayed the eflective date of the 2 ppm lolerance pending resolution
of objections. -
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Notwithstanding the experience of 50 years usage and the extensive
research which has been completed, some questions and uncertainties re-
‘main. Generat Electric and others are continuing research on some of
these issues.

The ‘actual PCDF content of PCB's in existing capacitors and trans-
formers as well as in various environmental sampies needs to be deter-
mined. Based on the reported PCDF content of Arcclors (0-2 ppm), one
may postulate that PCDF's will be detected in such minute quantities that
they should not be of concern. This postulate needs to be validated by
analysis and evaluation, and GE Is conducting an analytical research pro-
gram to make such data available.

A number of medical research programs that will further clarify the
possible PCB heaith effects are c¢ontinuing. With the cooperation of Gen-
eral Electric, New York State's Department of Health (Dr. Philip R. Taylor)
is analyzing further the epidemioicgy of the GE capacitor worker popula-
tion, and is extending the research to include reproductive experience.
General Electric is continuing medical research with a group of heavily
exposed capacitor workers; and some additional observations may become
available from the Mt. Sinai Schoo! of Medicine's studies of other workers
at the same location. The Michigan State Department of Health (Dr. H.E.B.
Humphrey) is extending and broadening its study of individuals who have
ingested PCB's by eating fish.

Another question concerns industrial exposures of transformer work-
ers. Transformer plants typically used Aroclor 1254 and 1260, usually,
mixed with chlorobenzenes, for a portion of their production, whereas
Aroclor 1260 was not used in capacitors. Few epidemiological studies of
transformer workers exposed to PCB's are available. The capacitor worker
experience may be relevant, however, as Aroclors 1254 and 1260 contain
substantially overlapping though not identical populations of PCB molecules.
In addition, capacitor worker blood analyses show retention of the mole-
cules contained in Arocior 1260.

Lastly, some research programs are being directed at economically
effective PCB containment and destruction processes in order to respond
more effectively to Federal and State requirements. General Electric is

active in some of these programs.
\
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Human Exposure to Polychlorinated Biphenyls at Toxic Waste Sites:

Investigations in the United States
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Public Health Service
U.S. Department of Health

and Human Services
Atlanta, Georgia

EDITH WELTY, M.D.

U.S. Public Health Service
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3200 Canyon Lake Drive

Rapid City, South Dakota

ABSTRACT. Beginning in 1982, environmental and population data were evaluated from
wasie sites contaminated with polychlorinated biphenyls (PCBs). Pilot exposure assess-
ment studics were conducted at 12 sites where risks of human exposure were thought to be
greatest. Serum PCB levels in persons at highest risk of nonoccupationally related ex-
posures (because of their self-reparted frequencies and types of activities in contaminated
areas) at 10 sftes were within background ranges, even though environmental contamina-
tion levels as high as 2.5 parts per billion (ppb} in monitoring well water samples and
330,000 ppb in soil samples were measured. At the 2 remaining sites, elevaled serum levels
were found in these high-risk persons, which require further evaluation bv community sur-
vevs. These results illustrate that, despile elevated environmental contaminant levels, un.
less uptake of chemicals above background exposure levels can be demonstrated, adverse
heaith effects cannot be attributed to waste site chemicals. However, health risks due to
background evposure levels, as well as in populations with elesated PCB body burdens
need further study."

POLYCHLORINATED BIPHENYLS (PCBst are lipid-
soluble, aromatic compounds comprising 209 possible
forms. Each chlarinated structure has several isomers

species of animals have widely varying susceptibility to
these compounds.®® A major concern is whether en-
vironmental contaminations induce adverse human

and congeners depending on the number of chlorine
atoms in the ortho, meta, or para positions on the two
benzene rings. Pollution with PCBs is worldwide; PCBs
have been jound in soil, water sediments. and fresh-
water and marine fish, as well as in human adipose
tissue and serum.'

Laboratory studies have shown an association of ©,

PCBs with cancer,’” adverse reproductive outcomes,®”
and other organ-specific damage®® in experimental
animals. However, the toxicity varies considerably
both among congeners within each isomer group and
; mong the different groups; furthermore, different

vCt:mrrig,hl retaned by U.S. Qovernment,
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health efiects. Although some studies of high-dose oc-
cupational exposures have been periormed, the health
efiects in exposed humans. especially at low levels over
long time periods, are not as well understood as efiects
in experimental animals, .

Ironically, PCBs may be ideally suited for the study of
exposure at toxic waste sites. Analytical measurement
of serum PCB levels is a sensitive, stable technique'®
that is performed routinely in selected clinical labora-
tories through the United States. Serum PCB level is a
reliable _indicator of bodv_burden, because fat_and
serum PCB Tevels equilibrate and _remain at_a relatively
constant ratio_for_many years.'":!? Background levels of
whole blood and serum PCBs are reasonably well de-
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'l'in.vd b data avalable 100 Charactenized hunvan pogiu-
lations. * 7 Suitable questionnatres can identify sources
of exposure and posisihle coniounding factors. Finally,
PCBs are among the most common environmental con-
taminants at toxic waste sites in the United States:
when this study was started. PCBs had been identitied
at 31% of the sites on the United States Environmental
Pratection Agency’'s (EPA) National Priority List of
wasie sites scheduled for remedial actions.

The purpose of this repon is to summarize the results
of a series of investigations that was intended 1o assess
the extent and magnitude of human exposure lo waste
sites contaminated with PCBs throughout the United
States. ‘

Materials and methods

To evaluate the potential human health impact posed
by PCBcontaminated waste sites, we used a standardized
protocol designed for studying exposures and heaith ei-
fects in communities near these sites. The strategy™
consists of four sequential phases: (1) site evaluation.
(2} pilot exposure studies, (3) community surveys, and
(4) cohon studies. Results reported hetein focus on
phase | and Il activities under this protacol.

Beginning in 1982, we reviewed site descriptions and
environmental sampling data from waste sites which
contained PCBs. EPA regional offices had identified 126
such sites, located in 31 of the 50 states, the District of
Columbia. and the 4 United Stales territories. In addi-
tion, subsequent to this systematic review of the avail-
able environmental sampling data, other PCB-contam-
inated sites were identified by stale environmental
~ agencies or local health depanments.

* To be selected lor detailed study of human exposure
{i.e., phase ] exposure assessment studies), waste sites
had to meet the following criteria:

1. Identified populations at risk of exposure must in-
clude
a. 2 100 persons living in areas immediately ad-
jacent to the waste site or
b. 2 50 people known to
i. have regular contact with contaminated
ofi-site soils, or
ii. be using contaminated well water for
drinking, food preparation. and bathing,
or
iii. regularly eat contaminated native fish. or
iv. regularly be using contaminated suriace
waters (or cecreation,

AND

2. Environmental sampling data for the site had 10
document on-site PCB contaminations in

a. soil at levels 2 1,000 parts per million {ppm),

or
b. surface/ground water at levels > 1 pant per
billion {(ppb), or
c. the food chain at levels > 5 ppm

- with

unrestricted public access to the site.

November/December 1988 [Vol. 43(Ne. 6))
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3. Denveanmental sampling data had to document
PCB contamination of accessible ofi-site environ-
mental pathways in
a. soil at levels > 1,000 ppm, or
b. surfacefground water at levels > 1 ppb, or
¢. " the ioad chain at levels > 5 ppm.

For each of the waste sites which met these criteria, a
pilot exposure study was conducted using standard
methods for collection oi demographic and exposure
data and ior collection and laboratory analysis of bio-
logical specimens. Studies were conducted by local
and state health depantments. in consultation with the
Centers for Disease Control (CDC) and the Agency ior
Toxic Substances and Disease Registry {ATSDR).

Al each selected site. population groups at-risk of ex-
posure in surrounding communities were identilied us-
ing iniormation obtained from health depanments and
environmental agencies. Potentially exposed persons
were initially contacted by telephone, through citizens’
groups, or the news media; using questionnaires, inior-
mation was ohtained from these persons regarding po-
tential exposure through various environmental path-
ways. On the basis of their responses. individuals who
had the highest risk of exposure {i.e.. thase with the
greatest reponted frequency and dutation af activities
which might lead to contact with the contaminated
areas) were chosen to participate in the pilot studies.
After obtaining informed consent from panicipants.
blood was collected ior serum PCB assay. Serum PCB
levels were quantitated by standard methods'® against
Aroclor 1260 or 1254 standards. A more complete site-
exposure history, demographic information, medical
history. relevant occupational history. and a history of
non-site-related contact with materials that contain
PCBs were also collected. Medical hisiories included
questions about illnesses described in previous human
and anima! studies as possibly PCB-related, tobacco
and alcohol use. and current use of medications.

Results

Twelve sites met the selection criteria ior evidence of
high risk of human exposure 1o PCB-contaminated
areas, as specified above. The environmental sampling
and .population distribution data indicated that the
likelihood of exposure through inhalaton (e.g..
breathing volatilization and combustion products from
the sites), ingestion (e.g.. consumption oI comtam-
inated native fish or animal and vegetable products
raised in contaminated areas), and/or dermal absorp-
tion e.g., direct contact with PCB-containing trans-
former fluids and contaminated soil) was high at ail
these sites (Table 1).

Detailed exposure assessments oi potentially affected
persans were conducted at these 12 sites; the number
of persons who were studied at each of the selected
sites ranged between 9 and 114, with a median of 39.
As noted in Table 2, no evidence for an increased prev-
alence of nonoccupationally exposed persons with
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Table 1. =Summan oi Emviranmental Sampling Reyults: PCB-Contaminaled Wasie Sites al Which Exposure Assessmenty Woere

Performed
Enuronmental data 1peak PCB cancentrations
On-wie e Onate
Ground Sunace " food Ground Sunace Food
Location Soil water waler chain Sall . water waler chain
Icounty and statel (ppm tppbs tppbl (ppmi {pom) lpprmy (ppbe {prrmi
Sebastian, AR Contamunated oils spraved directly in residennal 133.000 ONA®T NA NA
area,
Wavne, CA 3.436 NA 1.5 NA 149 <0D.} 8.5 NA
trainwater
runof
Monirge. IN (3 sites) 330.000 3.5 18 NA 3.500 ND?t 12.2 200
{fwater thshi
S0
{sediment)
Nawpon, MA 99.000 NA 400 NA NA NA 6.100 730
(storm sewer) twatern fiishy
22,000 66.500
(sediment} . {sediment) '
Norfolk. MA 120.000 NA NA NA 3 NA 550.000 NA
{sediment)
. Ashtabula, OH NA NA 8.390.000 NA 0.1 NA 7.0 1.9
(sludgel iplants)
Allegheny, PA 32.000 NA NA NA 1,106 NA 300,000 NA
{sediment}
Chester. PA 36.000 NA NA NA 6,400 ND 86,000 6.6 -
{soul! {sediment)
420,000
{work areas . .
Pickens. SC NA . NA 77.200 NA 130 NA 0.9 03
' {sludge) {vegetables)
PCBs discharged directly into area surface waters, 22,080 15
{secliment) fitshy
Manon, W\' 22,226 NA MNA NA 205 NA 17 1.7
- {chicken!

*NA = results not available or samples not collected.
tND - resull below detection levels.

serum PCB levels significantly elevated above back-
ground was lound in 10 of the 12 sites. In contrast,-evi-
dence from two sites {located in Newport County.
Massachusetts and Monroe_County. Indiana suggested
that environmental Contaminations had resulted in hu-
man exposures above expected background leveis,

On the basis of a preliminary survey in Newpon
County, Massachusetts, the principal routes of ex-
posure to PCBs had been identified as being direct oc-
cupational exposures and the consumption of con-
taminated fish. Thus, workers at the two local electrical
capacitor plants and persons who reportedly ate the
most locally caught fish comprised the high-risk group
in a pilot exposure assessment conducted at this site.'”
The geomeltric mean serum PCB level for these 51 per-
sons was 18.1 ppb: of these persons, 35% had serum
concentrations 2 20 ppb., and 6% had levels = 100
ppb. Among the 42 persons without any occupational
exposures, the geometric mean PCB concentration was
12.9 ppb, with 21% having levels 2 20 ppb. All of
‘;hese mean levels and proporions of serum PCB con-
sentrations > 20 ppb are statistically significant above
expected background levels. '

422

After conducting an initial screening survey in Mon.
roe County. Indiana, we chose a group of 61 persons
who were considered 1o be at highest risk of exposure
because they reported participating most irequently in
characteristic activities involving one or more con-
taminated environmental pathway (e.g., swimming in
contaminated surmace waters or eating contaminated
fish)."” The geometric mean serum PCB level ior this
high-risk group was 10.9 ppb with 19.7% of the par-
ticipants having serum PCB levels'= 20 ppb: compared
with background levels in representative populations,
this was greater than expected {p < .01). When we ex-
cluded 10 workers with known occupational exposures
to PCBs irom the analysis of this high-risk cohon, the
geometric mean serum PCB level dropped slightly to
9.0 ppb. Among these 51 persons, 9.8% had serum lev-
els 2 20 ppb: this, however, was not statistically signifi-
cantly greater than expected (o = .12). In addition, 9 of
55 (16.4%) persons selected randomly from the ap-
proximately 1,000 persons living within %2 mile of the
three contaminated areas had elevated serum PCB lev-
els, which is statistically different (o < .01) from the
proportion expected. ;
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Discussion

[ RS

Results of population-hased studies' have demon-
straled thal most people wilhout occupational expo-
sures have serum PCB levels in the low parts per billion
range, with a median hetween 3-7 ppb. Approximately
93% of the values are below 20 ppb. and increase with
age.'""* ' For comparison, in a group of 781
Michigan residents with no known exposures. e.g.. the
mean serum PCB level was 6.0 ppb, 30% had PCB lev-
els = 10 ppb. 7% had levels > 20 ppb, and 2% had
levels 2 30 ppb."

In 10 of the 12 site-specific investigalions conducted
under this protocol. no excess proportion of potentially
exposed persons was found 10 have serum PCB levels

2 20 ppb attributable to nonoccupational exposures:

from the sites in spite of high PCB levels in soil or
leachate on the sites. As a result, we concluded that
there was no need for further studies. The "*negative”
studies reassured community residents at risk of ex-
posure that they had not absorbed more chemical con-
taminants than a local or national reference popuia-
tion; however, this reassurance must be qualified by
our lack of knowledge of patential long-term health
risks that may result from “‘normal’” tissue levels of
PCBs.

In the two settings where we found an elevated pro-
portion of unusually exposed persons, further evalua-
tion is required. In Monrce County, Indiana. the find-
ings might be attributable to the historical prevalence
of occupationally reiated exposures. Nevertheless, the

findings of the prdot study recommend inestivanon of
the magnitude and extent of exposure and heaith ef-
tects in the residential community through a popula-
tion-based survey: this study is currently in progress. In
Newponrt Couply, Massachusetts, where wastes con-
taining PCBs introduced into surface waters con-
laminated the maritime food chain, another important
commumity survey is nearing completion. Exposures
via this route, rather than by direct contact with con-
taminaled soil or waler, have been shown to result in
especially high serum PCB levels and related health es-
fects.”"** The results of the community survey will
allow imerpretation of the local contamination situa-
tion within the context of previous studies of persons
exposed to PCBs through the food chain,

Because we did not directly assess human exposure
at sites not selected in phase I, we could not evaluate
Lthe Sensitivity, specificity, and predictive value of the
strategy 1o triage sites for further study. Also, given the
celatively small sample sizes in these pilot studies, siz-
nificant human exposure or increased incidence of
health effects attributable to waste site chemicals may
not be detecied at sites chosen for study. Furtherrmore,
although not studied under this protocol. workers on
waste sites and emergency crews which must enter
waste disposal sites during fires and explosions may
represent a subpopulation at particularly high risk of
toxic exposures. Assessment of these groups should be
pursued with studies specifically designed to evaluate
the unique types. nature, and magnitude of their expo-
sures. For these and other reasons, it would be impru-

-

Table 2. —Summan of Biological Sampling Results: #CB-Contaminated Waste Sites ar Which Exposure
Assessments Were Performed ‘
PCB measutements in human sera -
{Quantitated as Aroclor 12601
Locauon (county Number of Range Ceometric
and stater subjects (ppb mean % & 20 ppb MNotes
Sepastian AR 20 - 5.8 100
Wavne, Ga 6 3-143 209 8Y Teral hugh-rish grouo
4 3-n 3.1 100 ~omvorkers only
Monroe, IN 61 3-73 10.9 80 Total high-risk group
{3 stes 51 3-51 9.0 99 Nomwarkers only
55 247 9.0 84 Subjects selected candomly !
irom al-risk populaton ' [
Newpart, MA 51 2-343 8.1 65 Total high-risk group :
. 42 2-68 129 79 Namvockers onin i
Nonoll, MA 90 1-30 4.2 9 Tota! high-risk group
89 1-13 1.1 1N Nonworkers oaly
Ashtabula. OH 59 143 4.4 97 Total high-risk group
57 t-13 4.1 100 Nonworkers only
Allegheny, PA 9 ND*-3 27 100 Includes five children
Chester. PA 23 1-79 5.9 £l Tatat high-risk group
22 1-31 &3 95 Nonworkers only
66 1-24 4N 97 Subjects selected randomly
from at-risk population
Pickens, SC 27 NO-30 26 96 Quantitated as Aroclor 1254
Manaon, WV 24 1-2) 5.0 9%
Note: Non.deieclable serum concentrations were assumed o be one-half the detection limit for calculation of
geomelsic means.
*'NO = result below detection levels.
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dent 10 inter g broadhy from these eapenences and
cunclude that toniv waste disposal sites are not gener-
alty hazardous.

Nevertheless, results oblained at  sites
through this triage process may help to direct iollow-up
epidemiologic studies and in the development of inter-
ventions and remedial actions at all waste sites,
whether or not they are studied. This is an especially
important benefit in local and state health department
jurisdictions, where priorities for the use of limited pro-
fessional and financial resources must be carefully
balanced.

in all settings, unless uptake of chemicals occurs, ad-
verse health effects cannot be attributed 1o waste site
chemicals. In general. the experiences related herein
reiniorce the proposition that public health oficials tas
well as concerned citizens) need to consider other fac-
tors in addition {0 environmental contamination levels
when evaluating human health risks due to chemical
waste dump sites. These factors include:

1. the physical and toxic characteristics of waste site
chemicals;

2. the volatility and spread of waste site chemicals
via different environmental pathways:

3. access to and frequency, duration, and type of use
of conlaminated areas:

4. absorption potentials of these chemicals in biolog-
ical systems; and

5. the presence of human populations at risk of ex-
posure, especially sensitive subpopulations (such as

' children and pregnant or lactating women.

The authors achnowledge the assstance of all the professional staff
memoers in the state and local health depaniments that panictpated in
this studv. We also thank the regional EPA ofiices. the Pyblic Health
Advisors detailed 10 the regional EPA ofiices by ATSDR. and members
af the staf of the Division of Environmental Health Laboratory Sci-
ences. Center for Environmental Health and Injury Conirol (CEHIC).
CDC. We are pariculariv indebted to David Forney. ATSOR: Dr.
Heney Falk and Dr Paul Wiesner. CDC. and Dr. Renate Kimbrough.
EPA. jor assistance in the design and conduq of 1his study and in the
preparation of this manuscript.

Use aof trade names 1« tor identification oniy and does not conshiute
endarsement by the Public Health Service or the U.S. Depanrment ot
Health and Human Services.

This tepon was supponed it pan by iunds from the Comprehensive
Environmen:al Response Compensatign. and Liability Act trust rund
thraugh an Interagency Agreement with the Agency tor Touc Sub-
stances and Dsease Rewistrv. Pyublic Health Senvice.

Submited 1or publicanon March 15, 1987; revived: accepted June
7. 1988.

Requests tor repnnts should be sent 1o: Dr. Stehr-Creen, Centers for
Disease Control. 1600 Clinon Roxd, Atlama, GA 30333.

References

I, Wasserman, M.; Wasserman, D.: Cucos. S.; and Miller, H. |
1979. World PCBs map: Storage and effects in man and his bio-
logical environment in the 1970s. Ann NY Acad S 320:65-124,

2, MNanonal Cancer lastitute (NCH. 1977, Bicassay of Asocfor 1254
for possible carcinogenicity, Washington, DC: U.S. Oepanment
of Health and Weifare, Springfield, VA: National Technical Inior.

: manan Service. CAS No, 27323-18.8, PB-279 624/ICA, NCI-CC

\&1' JR-38. DHEW., Publ. NCI, N1H-78.838.

424

selected

@

\

U ambrogeiy B (3 san ROA Umber R b Nianuiteerg | D
SMontain BT oand Buess VALV T9TS (nduchion o e lumiosns n
Shetman e s by peivchlunoated tiphenyt Aroclor 1260

Satl Cancer fnst 33 1453234,

S Morgan ROW S Waed, | M and Harmaan, P, E. 1981, Arxlor
1254 induced ntesuinal metaplasia and adenocarcinoma in the
glandular stamach ot F344 rars, Cancer Rey $1:5052-39.

. Weliman R, H. and Norhack. D. H. 1981, Sequenial light and
clection microscopic analvwis ol hepatocellular carcinuma in.
duced by Arociar 1260 The Tovicolognt 1:65.

6. Kinhrough. R. D.: Buckley, |.. Fishhen, L., et al.
tomcalogy. Environ Health Perypect 23:173-85.

. Linder, R. E.: Cawoes, T. B.; and Kimbrough, R. O. 1974, The es.
fect of poivchlannated biphenvis on rat reproduction. Food
Cosmer Toxeced 12:63-77,

8. Kimbrough. R, D.. £d. 1980. Halogenated Biphenvis, Terphenvis.
Naphthalenes. Dibenzodiouns and Related Products. Topics in
Environmental Health. IV.- Amsterdam: Elsevier/Norh Holland.

9. Kimbrough. R. D. 1983. Laboratory and human studies on poly-

chionnaied biphenvls (PCBst and related compounds. £nviron

Health Perspect 59:95-106.

Needham. L. L.: Burse. V. W.: and Price. H. A. 1981. Determina-

tion of polvchiorninated and polvbrominated biphenyls in serum

by temperatute-programmed gas chtomatography I Assoc O

ficral Anal Chem 64:1131-37.

11. Welfi. M. 5.;: Thornton. |.: Fischbein. A.: Lulzs. R.: and Selikod, 1. ).

1982. Disposition of polvchlarinaied biphenyl congeners in oc-

e

u

1978, Ammal

~3

10.

cupationallv  evposed persons. Toaicol Appl Pharmacol
62:294- 306,

12, Wolff, M. S.: Fischben, A.: Thoraton. J.; Rice. C.: Lilis, R.: and
Selikofi, 1. ). 198). Body burden of palychiorinated biphenyis

among persons empiaved in capacitor manufactunng. Arch Oc-
cup Environ Heaith 49:199-208.

13. Finklea. ).. Priester. L. £.; Creascn, J. P.. Mauser, T.; Hinners, T.
and Hammer, D. I. 1972, Palychlonnated bipheny! residues in
human piasma expose a major urban pollution problem. Am')
Public Health 6:645-31.

14. Kreiss. K.; Robents. C.. and Humphrey. H. E. B. 1982. Senal PBB
levels, PCB Jevels, and climical chemisines in Michigan’s PBB co-
hog. Arch Environ Health 17:131-47,

15. Wolll. M. 5., Anderson. H. A.; and Selikoff, 1. 1, 1982. Human
tissue burdens of haiogenated aromatic chemicals n Michigan.
TAMA 237:2112-116.

16. Siehr-Green, P. A. and Lybarger. ). A, Evalvation of exposure 1o
toxic waste sies: A suggested investigative approach. Submuted
to Public Health Rep (1987,

17. Telles. N. C. 1982, The New Bediord Studv—Prelrminan find-
ings. Bosion. Massachusens: Massachusetts Depanment of Public
Health, Environmental Health Assessment.

18. Stenr-Green, P. A : \seltv, E. R.: Steele. G.: Ross. D.; and Ligdle.
1. 1986. A pidot study ot serum polvchlorinated bipheny! levely in
persons a1 high risk of exposure 10 residential and occupatonai
ervirgnments Arch Eaviron Heaith 41:230-44

. Baker. £. L., Jr.: Landngan. P. |.: Clueck. C. |., et al. 1980. Meta-
baiic consequences of exposure (0 polfychlonnated biphenviy
(PCB1 in sewdge sludge, Am { Epidermneal 112:353-63.

20. Xrewss, K.: Zach, M. M. Kimbrough, R. D.: Needham, L. L.
Smrek. A. L.; and |ones. B. T. 1981, Association of hicod pressure

. and PCB levels, fAMA 245:2305-00

Mictigan Depanment ot Pyblic Health, 1980. Evaluanon ot

Changes of the Level of Pohchionnated Bighenyis tPCB1 in Hu-

man Tissue. Final Repant on FDA Contract 223-73-2209. Lanwing.

Michigan.

Vernon, A, A, Liddle, J. A.: Falk, H.: Conrad ]. L.; Bayse. D. D.:

and Heath, C. W. 1981, High levels of polychicrinated biphenyls

in serum specimens. Kansas. EPI-80-23-2. Atlanta, GA: Cemters
jor Disease Cantrol, U.S. Department of Health and Weliare.

s -~ Public Health Service. -

I 23 Masuda. Y.: Kagawa, R.: Shimamura, X.;: Takada, M.; and Xurat-

T sune. M. 1974, Polychlorinated biphenyls in the blood of Yusho

p:mems and ordinary persons, Fukuoka Igaku 2asshr 65:15-27.

&

! ’4 Kreiss, K.: Zack, M. M.; Kimbrough, R. O.. Needham, L L.

e Smeek, AL

and jones, 8. T. 1981, Cross-sectional study of a
community with exceptional exposure to DDT. JAMA 245:
1926-30. .,

Archives of Environmental Heaith

-




“a,
.

g

’ - .
. .
T
- . e ,
- S
. R ; T N N
' -
,
= I - .
. o ‘ e n s
. . . . -
- . - N -
. -~ - .
.
Ty - . - .
B .
1 [ . . .
- . .y
’ LY < For = - .- ~ - -~ . . sy, t
. r . . -
- - - - r . -
. - - !
' - . - -t . " L]
cun -, - P - -,
. ‘ ) - N -~ . o .
- \_ f s - o o~ - - . v . .
- ‘ - - v ' .
~ N i . 4
- .
o .
-
N
- - .
.~ > - . .
RN
i . - . . '
— - . -
PREFN - . . .
Aoma - -t - .
s T . - - i
.
. N
- - \ . ' .
- b -
- - , K
- - ‘
. - " .
H - - .




.
4

¥

L

Corporage_Research and Development

Schenectady. New York

FOLLOW-UP STUDY
OF CAPACITOR WORKERS EXPOSED TO
POLYCHLORINATED BIPHENYLS (PCBs)

by

R.W. Lawton, MD"; M.R. Ross, RN, COHN+;
and J. Feingold, MD%
Chemical Laboratories

Report No. 86CRD028 April 1986

*Formerly with CRD, Chemical Laboratories

+Capacitor Products Department, Hudson Falls,
New York

Formerly with Capacitor Products Department

Technical Information Series

Class 3 Company Proprietary |

GENERAL &3 ELECTRIC

+-PLAINTIFF’S
", EXHIBIT ~




CLASSES OF GENERAL ELECTRIC
TECHNICAL REPORTS

CLASS 1 — GENERAL INFORMATION

Available to anyone on request. Patent, legal, and commercial
review required before issue.

CLASS 2 — GENERAL COMPANY INFORMATION

Available to any General Electric Company employee on request.
Available to any General Electric Subsidiary or Licensee, sub-
ject to existing agreements. Disclosure outside General Electric
Company requires approval of originating component.

CLASS 3 — LIMITED AVAILABILITY INFORMATION

Original distribution to those individuals with specific need for
information. Subsequent Company availability requires
originating component approval. Disclosure outside General Elec-
tric Company requires approval of originating component.

CLASS 4 — HIGHLY RESTRICTED DISTRIBUTION

Original distribution to those individuals personally responsi-
ble for the Company’s interests in the subject. Copies serially
numbered, assigned, and recorded by name. Material content,
and knowledge of existence, restricted to copy holder.

Requests for Class 2, 3, or 4 reports from non-resident aliens or disclosure of
Class 2, 3, or 4 reports to foreign locations, except Canada, requires review by

the Export Control Coordinator of the originating component.
AY



l N . W
. .
- s

enemaL@remac B TECHNICAL INFORMATION
.ICZI:;:?:;?;tEl:lcet::aS:?ln;‘::dnzevelopment . SERIES

gchenectady, New York 12345

ATHOR SUNECT . ~O,

Lawton, RW* health effects of PCBs 36CRD028

Ross, MRt DATE

Feingold, Jt April 1986
i Follow-Up Study of Capacitor Workers Exposed to cretas 3

Polychiorinated Biphenyls (PCBs) reyTT

27
courmainr  Chemical Laboratories RESAARCH AND DU LLOPMENT
- SCHENECTADY. N0,

MMARY

A population of capacitor workers exposed to PCBs, studied previously in
1976 and [979, was reexamined in 1983. Mean workplace area air levels of
PCBs had declined to 16 wg/m’ by 1983. Although PCB body burdens of: the
T higher PCB congeners (Aroclor 1260) have remained relatively constant, lower
%““\\ .| PCB congener body burden dropped. probably as a comseguence of metabolic
;'\ /" cicarance. Serum PCB concentrations, calculated on the basis of total scrum

. neutral lipids, were not statistically associated (<5%) with 23 biochemical or 12
hematological variables measured except for the percentage of basophils. The
significant intervening variables — which included average age of the population
(49.5 years). sex, obesity. and alcohol consumption — accounted for many of
the laboratory findings outside the normal ranges. No statistically significant as-
saciations were found of serum PCB levels with blood pressure.

*Formerly with CRD. Chemical Laboratories
tCapacitor Producs Deparament, Hudsoa Falls, New York
tFormerty with Capacitor Producrs Department

1KY wNaDn

polychlorinated biphenyls (PCBs), capacitor workers,
occupational exposure, heaith effects

. INFORMATION PREPARED FOR

Additional Hard or Microfiche Copies Available from
Technical Information Center
Bldg. 5 Rocm 321, Schenectady, NY 12345



-
i
-

FOLLOW-UP STUDY OF CAPACITOR WORKERS
EXPOSED TC POLYCHLORINATED BIPHENYLS (PCBa)

R.W. Lawton, MD; M.R. Rose, RN, COHN; and J. Feingold, MD

INTRODUCTION

Polychlorinated biphernyls (PCBs) were the only chemicals singled
out by name for special attention in a ban on the substance by the Toxic
Substances Control Act (TSCA) of 1978. This action arose from a serias
of eveunts baginning with the cbaservation of environmental persistence by
Jansen 1) in 1968, followed by an outbreak of apparent PCH poiscning in
Japan in 1968 (2). This episode (Yusho disease) is now known to have
raesulted from rica oil contaminated by thermally degraded PCBs from a
leaking heat exchanger. The coxidative degradation of the PCBs resulted
in the productien of polychlorinated dibenzofurans (PCDFs) (3). A simi-
lar PCDF poisoning episode subsequently occurred in Taiwan (4). Some
sporadic reports of chloracne thought to be related to PCBas appear in
retrospect to ba causmed aither by PCB which had been contaminated in
production (S) or by thermally degraded PCBs (6,7). The final event
loading to the PCB ban was the demonstration by Kimbrough st al.
(8,9,10,11) of adenofibrosis, hepatoma formation, and hepatic. carcinoma
"in rats with massive doses of the largely non-metabolizable Aroclors
(1254 and 1280). These findings have reacently been confirmed in PCDF~-
free PCHBe by Schaeffer et al. (12) who observad that hepatic carcinogen-
icity was only asscociatad with the highly chlerinated iscmers and was

accompanied by a suppression of the spontanecus incidence of tumors in
other organs and tissues,

Historically, PCBa have been considered a relatively safe sub-
stance. Following the commercial introduction of PCBs in the 1930s,
their production in the U.S. through 1975 totaled about 1.4 billion
pounds (13). Air standards controlling PCB use in the workplace were
based for many years on the animal studiea of Drinker et al. (14) that
in 1937 indicated relatively low toxicity. Drinker was the first to

clearly separate the effocts of PCBs from those of the chlorona-
phthalenes (15).

Aftaor environmental persistance of PCBe was demonstrated by Jensen
(1), Moneanto (the principal U.S. manufacturer of PCBa., produced under
the trade name Arocloxr) responded by making available in 1970 a redis-’
tillation product, Aroclor 1018. This product was for use in closed

systens (capacitors and transformers), replacing Aroclors 1264 and 1242
which had been in usa,.

The Aroclor 1016 product consisted of isomers all with less than
five chlorine atoms per molaecule, aliminating the apparently persistent
higher congeners. Enhanced biodegradation of Aroclor 10168 was shown by
diminished accumulation and by rapid and more complete dapletion in rat
faading experiments (18). The clearance mechanism was found to involve
mixed function oxidase induction (17). In the environment, aerobic bac-
teria have been shown to degrade many of the lower PCB congeners by
dioxygenase induction (18), and anaerobic bactaria appear capable of
dechlorinating many of the higher chlorinated congeners (19).



The effect of tha Yusho disease incident on PCB regulation may
have been quite different if the role of PCDFp had been discovered ear-
lier. The identification of PCDFe as the toxic agent in Yusho disease
was not made until 8 years after the event. It is now knowna that U.S.
commercial PCEBs contained approximately 1 to 2 ppm of PCDFs (Aro-
clor 1016 contained negligible amounts of PCDFs). In Yusho, the concen-
tration of '‘PCDFs in the PCBs present in rice oil was subgequently found
to be 0.9%, and in blood samples of Talwanese patienta, PCDF concentra-
rions varied from 24 to 100 ppt. 1In experiments on monkeys, PCDFs pre-
ferentially accumulated in the liver and wers 2500 times more powerful
as a chloracnegen than PCBs (23). An entire issue of the American Jour-
pal of Industrial Medicine (Vol. 5, No. 1/2, 1984) reviews the current
status of the Japanese and Taiwanese avents, and clearly indict PCDFs
rather than PCBEs aes the causative agent.

Another factor that ultimately affected PCB regulation is the fact
that many of the sross—-sectional human studiez of occupational or en- -
vironmental expcoasures to PCBe have been largely descriptive in nature
(24-28). Where statistical analysis has been performed (29-33), the
correlations reported in earlier astudies of aserum levels of trigly-
cerides, cholestercl, and some liver enzymes with the groes serum PCB
level (serum weight basis) appear now to be related to the partitioning
behavior of PCBs in the serum lipids (33, 34). 1Ia particular, the stud-
ies of Chase et al. (32) showed that the correlations of the gross serum
PCB levels with the serum triglycerides, cholestercl, and glutamic ox-
alacetic transaminase disappeared when the adipoase tissue PCB level was
used as the independent variable.

We have rasported results in capacitor workers in which the serum .

PCB concentration was calculated in terms of the total serum neutral
lipid (33) and have found that the asesociations with serum triglycerides
and cholesterol were fully accounted for by such partitioning. Residual
associations with serum y-glutamyl transpeptidase and bllirubins were
found during high active exposure to Aroclor 1016 in 1976, which we in-
terpreted as evidence for glucuronyl transferase induction, elevated '
glucuronidation, and accelsrated hepatic clearance. Such statistical
rolations had largely disappeared in the results of the 1379 study.

The present study is an analysis of clinical cross-sectional data
‘obtained in 1983 on the same capacitor worker population 6.5 years after
the cessation of PCB use. This study provides additional significant
longitudinal information relating to the longer term sffects of their
occupational expoesure.

MATERIALS AND METHQDS
Study Population

The study population was selected in early 1976 to include all
those workers with occupational exposure ta PCBa, about 10% of the work
force of two capacitor manufacturing plants in upper New York State.
Criteria for selection and exposure claasification at this time resulted
in three groupe:

e Jobs requiring prolonged direct dermal contact in areas with high
alr levels, such as handling and sealing wet capacitors and capa-
clitor salvage and repair (high exposura)



e Maintenance men, foremen, and engineers whoee duties generally in-
volved brief high exposure and contact (medium exposure)

e Workeras whose jobs did not require direct contact but who were lo-

cated at the periphery of zones with high air lavels (low expo-
sure)

Initially, 194 workers participated on a voluntary basis. The po-
pulation was restudied in 1979, and the 1976 and 1979 data - together

with a further description of exposure conditions - are presented else-
where (33).

For the present study (late 1983) the population was contacted by
letter and telephone and again invited to participate. Because of re-
tirement, separation, refusal, or déath only 154 workers were subse-
quently examined. Some workers refused portions of the examination so
that complete data were obtained on only 146 workers (115 males, 31 fe-
males). Compared to those with complete data in 1976 (176 workers) par-
ticipation was B3%.

Clinical Meagurements

The clinical examination consisted of an updated medical history,
physical examination by the plant physician, ECG, chest x-ray,
spirometry, 23 biochemical measurements, CBC and differential, and a
routine urinalysis. Body weight wae measured in light indoor clothing,
and height measured without shoes. A single systolic and diastolic
blocd pressure was measured in the seated poeition to the nearest 5 mm
Hg. Participants were instructed to be fasting for the preceding 12-

hour period with watar ad libitum. Only ona non-ralting worker wag iden-
tified.

The updated medical history was directed primarily to the descrip-
tion of smoking habits, alcohol consumption, and the use of medications.
Smoking histories had not changed since the previous examination. Smok-

are and ex-amokers made up 71.9% of the study group. Forty-two percent

of the population consumed alcohol on a reguliar baeis, primarily in the
form of beer. We found it convenient to describe consumption in terms
of a "six-pack per week"” escale (Figure 1). Two workers admitted con-
sunption in excess of four six—-packs per week.

Fifty-six workers reported the use of medications consisting of 42
genaric drugs (Table 1). Thirtsen workers used analgesica, antihistam-
inés, and antacide. Seventeen reported a physician’s diagnosis of hy-
pertension, and 26 used antihypertepsives and other cardiovascular drugs
(diuretics, beta-blockers). Aleso reported were antiarthritics and gout
medications (10), antibacterial medications (2), and sterocida (3). Five
workers took diazepam, and cone phenytoin.

From a review of the literature, from structural analogy, and from

- half-life considerations, we classified 20 drugs with respect to their

mixed function oxidase activity. There were 22 drugs for which little
information could be found. [These 22 druge (Table 1) were clasaeified

"as having no effaects.] Some other known effacta are also relevant to

this study: Propranolol inhibits its own metabolism but not in the pres-
ance of some othar drugs (34). Insulin lack depresses drug metabolic
activity, but thyroid hormone may increase or decrease drug metabolism
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ciencies im ribeflaviz (36), vitamin C (37), and vitamin E (38) decrease
drug oxidation.

In order to determine the PCB body burden, we calculated the total
body fat from the weight-height regression equations of Hume and Weyers
(39). These esquations, based on total body water determinations, depend

"upon the assumption of adequate body hydration. We used the urinary

spacific gravity as the measure of hydration in these studies and found
it to be equivalent to the calculated serum osmolality derived from con-
ventional assumptions (40). Two other methods were considered for
determining total body fat: the model of Moore et al. and the Benn pro-
cedure (42). The Moore total fat model (41) (regression equations in
weaight and age) may be a more desirable clinical model but presents
problems in zage colinearity in regressicn. The Hume and Weyers model
used in our study is more alliaed to the body mass index. Satisfactory
body masse indices were calculated for the population using the Benn pro-
cedure only when unusual height-for-weight values were removed.

Sexum PCR Megasurements

Packad column gas chromatography was conducted on a serum sanmple
from each worker by Hazleton Laboratories America Inc., Madison, Wiecon-
vin, by methods previocusly described (43). Serum PCB levels were es-
timatad weing the standard Aroclors (1242, 1254, and 1260) and the sum
of selected peak heights method of quantitation to provide consistent
methodology over the pericd from 1976 through 1983. This mathod of
quantitation evaluates the serum level in terms of the most perasistent
peaks and overcstimates the actual PCBs present. Although methode of
adjustment of the data have been proposed (43}, for the purpese of mul-
tiple regrassion these additional calculations altered the intercepts
but not the coafficiente in the regresaion equations, and have therefore
been omitted. Rapetitive measurements on a serum pool and serial dilu-
tion experiments have indicated a 95% prediction interval for the gross
pserum PCB level of approximately =50% for these PCB measurements.

After packed column chromatography was completed, the extracted
sanples were returned to our laboratery for caplllary gas chromatogra-
phy. After additional cleanup by an H;S50, wash, the analysias was per-
formed using procedures described eloewhere (19). These procedures have
reasulted in the identification of 130 isomer peaks in standard chromato-
grane. Pesaks were numbered according to the system of Ballschmiter and
Zell (44) and their identitiecs assigned from a number of sources (45,

46), including recent GC-MS data (R. Wagner, J. Carnahan: perspnal com-
muynication).

.
J
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PCBs are lycphilic and are dissolved and dismtributed in derum pri-
marily in the lipoproteina (47, 48). It haa bean estimated that the
lipid phaase for PCB partitioning in serum can be approximated by the to-
tal serum neutral lipids (49). At equilibrium the PCB concentration in
this serum lipid phase was found to be substantially equivalent to its
concentration in adipose tigsue lipide. Serum cholesterol lipids
(compriasing free plus asterified cholestarol) were estimated from normal
values (S0) as 1.5 times the clinical total cholesterol, and the total
serum neutral lipids given as the oum of the serum cholesterol lipids
and the clinical serum triglycerides. The PCB body burden was calculat-
ed as the product of the PCB concentration in total serum neutral lipids
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and the total body fat.

In multiple regression astudies, we evaluated two measures of expo-
gure derived from the PCB measurementa: the gross serum PCB level re-
ported by the laboratory as ppb on a serum weight basis, and the serum
lipid PCB value in ppm, the pharmacologically active concentration (51).
An additional meagure of esxposure was derived from the exposure
categorise assigned ian 1976 (Table 2).

Statistical Analyeis

Statistical analyses were performed on a Honeywell 600/8000 com-
puter, using STATPAC (52), a versatile general statistical package,
which provided distribution plotting, multiple and stepwise linear re-
gressions, and analysis of variance. The 23 blochemical and 12 hemato-
leogical measurements were used as dependent variables in multiple
backward-stepwise regressions in the presence of selected confounders,
and each was examined “for statistical associations with each of the
three measures of PCB exposure. The criterion for statistical signifi-
cance was F¢ .:) 0.95 = 3.9, so that the 9S5% confidence intarval for a
significance coefficient did not include zero. The results are given as
partial correlations that were significant at approximately 0.16S5. We
selectoed the backward stap procedure as the best method for managing the
multiple colinearities in the data.

The dependent variables were examined for their distributions us-
ing cumulative percentage plotting and were log-transformed as required.
Final distribution selecticns were made on the baasis of residual plots
at the end of the stepwise regressions. Qutliers were not removed. All
PCB measures were log-transformed and produced a linear distribution on
cummulative percentage coordinates. (Other log transformations included
serum triglycerides, the liver enzymes (GPT, GOT, and GGTP), total bi-
lirubin, serum globulin, blood gluccse, BUN, BUN/creatinine ratio, the

white blocod count, eosinphils, and the MCHC (see Table § for abbrevia-
tiens) .

In the statistical analysis we considered a variety of independent
variables as confoundars (Table 2). These were screened by regreasion
using gross serum PCB levels as the dependent variable. For this
analyeis we used the 1978 relative oxposure estimate based on analysis
of the individual job activities, as well as plant locations at that
time. Service time was used irn lieu of age; the latter was used for the
analysis of clinical variables (age and service time covaried:

R =0.74). Serum albumin was evaluated as an independent variable only

in the PCB-dependent regressions. |

Two classifications of job status were used in order to test the
effects of the duration of separation or retirement: one involved only
workera retired prior to 1979; the other involved all workers retired
prior to this study. Because all salaried workers were male, and the
femalee worked primarily at only one plant, both the salaried/hourly and
Plant location clameifications covaried with sex (R = 0.25 and 0.35,
Tespectively). Certain workers with intercurrent illneasses that we ax-
pected to influence the results - e.g., diabetics, ex-alcoholica, post-
surgery patients, etc. - were identified and coded.



RESULTIS
ECB Exposyre

Over the course of our observations, mean PCB air levels in capa-
citor manufacturing areas fell from nearly 700 pg/m? duriag active PCB
use in 1976 to around 16 ug/m® shortly before the present study (Fig-
ure 1). This declining exposure was assoclated with extensive clearance
of the lower PCB homoclogs as measured by the gross serum levels (packed
column GC) of Aroclor 1242. Figure 2 indicates a decline in the mean
body burden of lower chlorinated congeners from §.6 to 0.52 g over the
8-year period, with a somewhat slower rate of dacline in the females
(triangles). In contrast, body burdens of the higher chlorinated
congeners (quantitated as Aroclor 1280) have been relatively constant
(approximately 0.13 g). Aroclor 1254 burdens have declined slowly as a

consequence of the compoaeition of this Aroclor, which overlapa both Aro-
clor 1242 and 1260.

Capillary §hu chromatography was performed cn a sample of 10 male
workers with relatively normal serum lipid levels (mean serum trigly-
corides = 52.9 mg/dL; mean merum cholasterol = 174.1 mg/dL). Identifi-
cation and average composition of the most persistent lgomers of the
residual serum PCBs are given in Table 3. Thewe estinmates of per-
sistence ars equivalent to those reported by Wolff et al. (59). The
mean values are also compared to the relative fraction of these isomers
in the Aroclor 1242 and 1260 standarda. IUPAC No. 180, a prominent hep-
tachlorobiphenyl in Aroclor 1260, has also been ingluded. We found that
the thrae major residual peaks of Aroclor 1242 and the six of Aroclor
1260 accounted for 62.5% and 80.4% of the compositions in serum compared
to 10.4% and 55.3% in the standards. These persistent peaks in the
capillary chromatograms represent the measured peaks in packed column
analysis using the sum of the peak heights method of gquantitation. An
approximate adjustment for the packed column data of 1983 (Figure 2,
Table 4) using these relative compositions indicates multipliers of
0.165 and Q0.888 for Aroclor 1242 and 1260, respectively, to derive actu-
al serum levels and body burdens.

The most persistent chemical structure appears to involve the
2,4,5 configuration. Isomeras reported as toxic in animals (3,4,5,3',4’
3,4,5,3,4',5') were not found. Small peaks associated with 3,4,4’' and
32,4,3,4' (also toxic in animals) were-identified in these human samples.
These peaks accounted for only 0.5% of the serum composition but con-
tained other coeluting isomers.

In Table 4, we contrast the gross serum PCB levels (packed column
method) found in various groyps of workers compared to the study popula-
tion. Clerical workers employed an average of 24 years at the site
showed elevated levels of the lower homologs as the result of the gen-
eral elevation of air levels within and outaside the plants. New employ-~
ees (average gervice time of 2 years) showed elevations thought to be a
consaquenca of residual plant air levels since the PCB ban. Laboratory
warkers at another facility actively engaged in PCB research showed
elevations of both lower and higher homologs. For the populatién of
this study (1983), lower and higher gross homolog levela were 18 and 3.4
times the nonplant controls, the former having declinad 92% since 1976.
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Serum PCB levels were conditiocned by a variety of facters. We
performed multiple linear backward step ragressions in which the gross
gerum PCB level was taken as the dependent variable with the 21 indepen-
dent variables shown in Table 2. Table 5 shows the significant indepen-
daent variables as partial correlations for the three axaminations (1976,
1979, and 1983) using Aroclor 1242 for a population (136) having com-
plaete data (1976 N = 135). The asterisks indicate significant vari-
ables for the higher homologs (Aroclor 1260).

Exposure, as moasured by the exposure catagory, was the primary
determinant of Aroclor 1242 level. Service time was the major correlate
for Aroclor 1260 (partial R = 0.53). Whether the worker was fasting or
non-fasting (19768) was significant only for the lower homologs. Serum
lipid levels were significant in all cases as a consequence of the phy-
sical distribution of PCBe in the lipoproteins. In 1983, an inverse as-
sociation with serum albumin was found in all caaes. There was a posi-
tive associaticn with body fat for both lower and higher homologs in
1979, but only for the lower homologs in 1983. Because all the salaried
workers were male, sex and the hourly/salaried variables ware redundant.
Serum PCB levels were inversely associated with smoking in the case of
the lower .homologs. We found nc dependence of sorum PCB levels on the
hepatic enzyme levels, alcohol coasumption, or medication use.

Biochemical and Hematological Findings

Means, standard deviations, and ranges of the biochemical and

‘hematological measurements made on the study population in 1983 werse

compiled. Of more interest were the number of values that either ex-
ceaded or were less than the age- and sex-adjusted standards of the la-
boratory, which are shown in Table 6. We note elevated serum trigly-
coride, cholesteral, GPT and GGTP levels. Elavated levels of other an-
zymes (serum GOT, alkaline phoaphase, and LDH) were not ooserved. There.
were elevations in blood glucose (five workers were known diabetica) and
uric acid. Although albumin and globulin levels were normal, the
albumin-~globulin ratio was elevated in 21 cases. The BUN/creatinine ra-
tio was elaevated in 11 cases. Elevations in serum potaseium and

chloride levels were found in males.

In hematology we found reduced red cell counte among males with
elavatad MCV and MCH values. White cell counts were low in 16 cases,
with a relative neutropenia and elevatad lymphocytes, monocytes, and eo-
sinophila. Urinary specific gravity averaged 1.022 = 0.006. Calculat-
ad body fat for males and females averaged 21.4 = 7.0 and 22.1 =
9.5 kg, respectively; as a percentage of body weight the equivalent
values were 25.3% = 4.7% and 32.3% = 8.5%.

Regression and Reauylta
Assgociationa with PCRa

The biochemical and hematological variables were examined ae
dependent variables in multiple linear backward etep regression. Each
variable was examined for its association with the serum PCB level as an
independent variable in individual analyses for the gross serum level
and the serum lipid level in the presence of selacted confounders. The
results are given in Table 7 as partial correlationa for those cases



whers a statistically significant association between a PCB measure and
the clinical variable was observed. The data of Table 7 are for Aroclor
1242 (lower homologs) and Aroclor 1260 (higher homologs). No additional
associations were found with Aroclor 1254 and no asamociations found us-
ing the 1576 aexposure category when either were used as the lindependent
expoaure variable.

For both the lower and the higher homolog gross serum level, sig-
nificant associations existed with both the triglycerides and
cholestercl. Conversion to the serum lipid values indicated noc residual
associations not accountad for by the PCB distributions in the total
neutral lipids. In the 10S regressions using the PCB concentration in
serum total neutral lipids, eonly a single significant association was
found: that betwsen the lower homolog valuas and the percentage of baso-
phils. However, this association depended upon the classificatlion of
the jobd status (working/eeparated). Removal of job status as an in-
dependent variable, or the inclusion of recent retirees, removed the
serum lipid PCB~association indicating colinearity of the PCB level and
job atatus.

The absence of significant associations with serum bilirubin lev-
‘eals and GGTP and the serum lipid PCB level observed in 1976 and 1879 (2)
were apparently not due to the addition of alcohol consumption and medi-
cation use as independent variables ian this study. Removal of these
latter variables from the prasent regression did not influence the
Tesuls.

We also investigated the statistical associations of PCB levels
with the systolic and diastolic blood pressure used as dependent vari-
ables (Table 8). No measure of PCBe was significantly associated with
either pressure. Both systolic and diastolic pressures were positively
associated with obesity and the use of antihypertensive medications.
Systolic pressures were higher in those reporting use of tranquilizers
(MED), and diastolic predsures were higher in those reporting a
physician's diagnosis of hypertension.

Associatione with Confounders

The interrelations of the independent variables with the clinical
measurements were dominated by the age and sex differences and by al-
cohol consumption and obesity. We noted that 12 clinical variables had
no significant independent variable other than age or sex, including
serum cholesterol, SGOT, SGPT, and LDH, and that 13 variables were 2
significant function of age. At the time of the present study the aver-
age population age was 49.5 years. Obeaity (body fat) was significantly
associated with elevated serum triglycerides, GCTP, blood glucose, and
uric acid. Cholestercl levels were elevated primarily as a function of
age. Diabetics and ex-alcoholics tendad to have higher triglycerides,
uric acids and serum phosphate levels. Alcohol consumption influenced
the levels of GGTP and total bilirubin and was associated with a macro-
cytoaias (elevated MCV) and a decreased red count. We observed positive
associations of MFO inducers with the BUN and the BUN/creatinine ratio
and an inverse association with serum potassium which appeared most
likely to be related to the use of non-steroidal antiinflammatory drugs
(60) and diuretics coaplicated by the use of potassium supplements in
some individuals. We calculated the serum csmolarity for the members of
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the population and found the mean to be 297.1 = 4.7 mOsm/kg water )
(range: 282-310), which was elevated over the expected range of 290-~265.
Serum csmolarity was found to substitute for urinary specific gravity as
an independent variable in multiple regressicn.

RISCUSSION

A group of capacitor workere directly exposed to PCBs has been
followed with clinical examinations and serum PCB lavels over a period
of nearly 8 years. At the time of the present study, 6.5 years had

‘'elapsad since the cessation of PCB use. Participation in the present

study was voluntary, and oaly 83% of the 1979 population was recovered
ao that individuals with adverse effects could have been ramoved by the
salf-salection process. However, the log-normal distributions of the
population serum  PCB levels and the normal distribution of the residuals
following multiple stapwise regression which we observed suggest that
the statistical requirsmente for a dosa-response relation, if present,
had been met. Since the PCB ban, the PCB air levels in the workplace
have continucusly declined, resulting in an average residual area air
level just prior to the present study of only 16 pg/m® (Figure 2). We
found this decline in exposure to be accompanied by a dramatic reduction
in calculated PCB body burdens among these workers as measured.by packed
column chromatoegraphy in terms of Aroclor 1242 (Figure 3). The higher
chlorinated species (calculated as Aroclor 1250) showed relatively con-
stant values. Aroclor 1254 fell in between as 3 consequence of ita over-
lapping iscmer composition with both Aroclor 1242 and 1260. Aroclor
1260 was never used in capacitor manufacturing; the levela for that sub-
stance represent either prior exposures to Aroclor 1254 (used between
1946 and 1854), the gradual accumulation of traces of the higher chlori-
nated isomers found in Aroclor 1242, the primary constituents of the
dielectric fluid used between 1554 and 1970, or exposure to PCBs in the
environment, which tend to be the highly chlorinated species.

PCB body burdens were calculated from the serum PCB levels that
were ostimated by the sum of the selected peak heights method of quanti-
tation. With the same methodology, a comparison of groes serum PCB lev-
els with other small worker populations (Table 4) indicated Aot only the
magnitude of the exposure in tha study population, but the generally
elevated levels of the lower homologs in long-service employees and
their accumulationr in new employees as the rasult of exposure to the
Plant residuale. Such lovels in the general plant population precluded

the use of an in-plant control group for the conduct of this study. The

quantitation methodology, howevaer, overstated the actual PCB concentra-
tion present. The sealected peaks Z0or measurement represented the most
persiatent ones. Thim problem was previocusly astudied in a sample of
workers with high PCB levela, and these persiatent peaks were found to
provide approximately 2S% and 70% of the Aroclor 1242 and 1260 compogi-
tiona, respectively (43). No data, however, are available for the
conversion factors at low serum levels.

Capillary gas chromatography results on the @era of a representa-
tive sample of workers in the: study population should be considerad pre-
liminary and were complicated by sample contamination. However, they
indicated the nature and magnitude of the PCB clearance proceass and ap-
Proximated the present residual serum PCB composition. The residual
isomer composition (Table 3) provided the PCB concentration to which any



present biochemical or hematological findings should be ascribed. Iso-
mera for which toxic properties have been indicated in experimental an-
imals were not identified.

Ae we have noted elsewhere (49) and have shown in Table S, the
groes serum PCB concentration is strongly dependent on the serum lipid
concentration, which follows from the equilibrium distribution of PCBs
throughout, the bedy fat. Conversion to the serum lipid PCB concentra-
tion (total serum neutral lipid basis) fully accounts for the observed
associations between the gross serum PCB levels and the serum trigly-
cerides and cholesterol levels measured clinically (Table 7). By analo-
gy with other fat-soluble agents, the pharmacological activity of PCBs
is most effectively represented by its concentration in lipids (49,51).
Theoe assertions are at variance with the conclusions of others who have
tended to ascribe any observed hyperlipidemia in exposed populations to
the biological effects of PCBs rather than the partitioning behavior of
PCBas in serum lipids.

Multiple step-wise regresasions with both serum triglycerides and
cholesterol as independent variables always resulted in the selection of
serur triglycerides as the pigniflicant association with the grosa serum
PCB levol, although serum cholesterol, when used alone, had an equally
strong assoclatioz with gross serum PCBe. This problem in colinearity,
which has been noted by Kreiss et al. (30), is resclved by the use of
the total serum neutral lipids as the dependent variable (Table 5). The
preferentlal selaction of the serum triglycerides may be based on solu-
bility considerations. The inverse association with serum albumin
presumably reflects the protein binding observed with other organo-
chlorides (53), which has now appeared as a significant partitioning
variable .following clearance of the metabolizable isomera. We note alsc
the positive association of gross serum PCB levels with amount of body
fat,, suggesating that in the more obese workers, PCBa were less readily
mobilized and equilibrium not assured. However, our observations on
changes in serum lipide in the abaence of substantial weight loss (49),
the proportionality of the lipid content of organs and tisasues and their
PCB concentrations (47), and studies during cachexia and starvation
(54,55) all support the qualitative if not quantitative thesis of PCB
partitioning in serum and tissue lipids.

Gross serum PCB laevals were also found to be etrongly and inverse-
ly dependent on smoking (Table S5). This association was only found for
the lower PCB congeners (Aroclor 1242) and is thought to be directly re-
latad to the induction of mixed function oxidases by both nicotine and
the various constituents of cigarette smoke. Studies by MclLemore et al.
(56, 57) om alveclar macrophages, peripheral lymphocytes, and pulmonary
biopsy tissue have documented. in detail MFO induction by cigarette
smoke. Although alcohol consumption and medication use appeared as sig-
nificant independent variables in relation to some clinical parameters,
neither ware significantly associated with serum PCB levels.

Using tha serum lipid PCB concentration as the independent expo-
sure variable, we found virtually no statistically aignificant assccia-
tion of any Aroclor with the measured biliocghemical and hematoleogical
variables (with the single exception of the percentage of basophils and
Aroclor 1242), despite the clinical values reportad outside the normal
laboratory ranges (Table 6). In addition, no significant aasociations
were found with the 1976 exposure category. an estimate of prior expo-
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sure #n these workers. One effect of the conversmion cf the gross serunm
concentration to the serum lipid coacentration was to eliminate associa-
tions based solaly on covariance with the serum lipid concentration
{33). Such covariance may Rave accounted for the gross serum PCE asso-
ciations with some liver enzymes obmerved by others. These 1983 results
contrast with the findinge in 1875 during active exposure where the cen-
tral observations (a positive association of serum lipid PCBs with eerunm
GGTP and an inverse association with the serum bilirubin) appeared to
raflect microsomal sanzyme induction, enhanced glucurcnide-conjugating
capacity, and acceleratad hepatic elimination. Such effects were much
diminished in 1979 and were absent in the current data, suggeating that
the clearance of the most easily metabelizad lower PCB congeners was
substantially complete.

We ware unable to confirm the association between PCE levels and
either the systolic or diastolic blood pressure found by Kreiss et al.
(30). Although blood pressure measurements consistad of one casual ob-
servation, we found strong associatlions for both with obesity and the
use of hypertensive medications. Systolic blood pressure was related to
the use of MFO inducers, presumably tranquilizeras such as diazepan.
Diastolic blood pressurss were associated with a reported physician’s
diagnosis of hypertension and were lower in smckers and ex-smokers.

The occurrence of changes in the WBC and differential merits at-
tontion (Table 8). In Yusho a slight leukocytosis (2) or alevated WBC
(4) was found. Iz occupational PCB exposures, normal hemoglobins and
hematocrita (27,31) and normal RBC (27) were reported. WBC differen-
tials were either not measured (26) or not reported (24,27,29,31,32).
Maroni et al. (28) reported normal WBCs and differentiale. Because no
statistically significant associations with serum lipid PCB levels were
found, these changes could represent effects of other exposures in the
workplace, perhaps trichlorobenzene (TCB, primarily the 1:2:4 isomer),
which was used as a constituent of the subastitute dielectric between

1977 and 1983. In 15 exposed workars at these plants, serum TCB levels

ranged from 0.55 to 6.75 ppb, whereas in 16 of 18 nonexposed workers,
the levels were =0.4 ppb, the detection limit. However, no changes in
hemoglobins or hemocrits were observed in rats fed 10 to 40 mg/kg/day
TCB for S0 days (58) where it was shown to be a potent MFO inducer. The
¢linical findings of nasutropenia with elevated lymphocytes and monocytes
together with a reduced white count and the parcentage of basophils
remaine unexplained.

Given the intense exposure and the maseive clearance of PCBs in
this population in the paat, the relative absence of statistical associ-
ations of clinical variables with serum PCB levalas at presant i=s
noteaworthy. These capacitor plants\ consumed about 15% of the U.S. PCB
production (13), and the study population probably represents one of the
moat highly exposed populations that will ever be encountered. The
clinical findings of hyperlipidemia with liver enzyme and uric acid
elevaticons appear %o relate primarily to age, obeeity, smoking, and al-
cohol consumption. Additional studies of the hematological findings ap-

Pear warranted following the phase-out of trichlorobenzene that was com-
Pletad ia 1983.

]
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Table 1

CLASSIFICATION OF MEDICATION USE (GENERIC NAMES)

Reported by Study Population According
to Mixed Function Oxidase (MFO) ZInduction or Depression;
MFO Activity Estimated from Literature, Structural Analogy,
and Half-Times: No Information Available on 22 Drugs

bael OTN B RO 3

AN

Weak Depressant

No Information

Butalbital® Acetaminophen
Cimetidine* Allopurinol
Indomethacin® Cyclandelate
Quinipe* Ethoheptazine
Spironolactone Hydrochlorothiazide
Hydroflumethiazide

No Effect Insulin

- Metoclazine
Acetylsalicic Acid Methylchlothiazide
Ibuprofent Methyldopa
Phenacetin® Nitroglycerin

Penicillin
Weak Inducer Pentaerythritol
Tetranitrate

Brompheniramine® Phenylpropanclamine
Caffeine Piroxican
Chlorpheniramine® Prozosin ECl
Chlorpropamide® Propranclol
Cyclobenzaprine HCl®* Reserpine
Cortisone Sulfadiazine
Diphenhydramine Thyroid
Hydroxyzine® Vitamins
Meprobamate Warfarin

Strong Inducer

Diazepam
Phenytoin

sStructural analogy
1PDR

20



Taple 2

CANDIDATE CONFOUNDING VARIABLES AND COMPUTER CODING
Variables Screeped for Assocliations with Serum PCB Levels (Table §)

L

Abbreviation Measure
PCB Exposure )
Gross serum PCB GSPCB Reported value (ppb)
Serum lipid PCB SLPCB Caldulated value {(ppm)
PCB body burden BRPCB Calculated value (g)
Exposure category EXE Code: 0 = low exp.:
' l = med, exp.: 2 =
high exp.
Serum Lipids
Triglycerides TRI Clinical value
Cholesterol - Chel Clinical value
Total neutral lipids TNL Calculated value
(TRI + 1.5 Chol)
Serum Albumin Alb Clipical value
Body Fat Fat Calculated value
(Hume and Weyers)
Body Hydration SPG Orinary sp. gravity
Clinical value
Time
Service time ST Yoearsa
Age Age Years
Sex Sex Code: 1 = males; .
2 = females
Salaried/Hourly S/H Code: 0 = Salaried;
1 = Hourly
Job Status Js Code: 0 = Working:
1 = Separated
Plant Location PL Code: 0 = Ft. Edward:
i 1 = Hudson Falls
Disease Status DS Code: 0 = No disease;
1 = Intercurrent disease
Smoking Code 8¢ Code: 0 = Noasmokeps:
1 = Smokers and ex-
snokers
Alcohol Consumption Al Code: 0 = None: 1-7 =
occasional to heavy
Medications Med Code:

=1 = Weak depressant
0 = No effect

1 = Weak inducer

2 = Strong inducer



Table 3

PERSISTENT PCB CONGENERS IN CAPACITOR WORKERS EVALUATED AS PERCENTAGE

COMPOSITION IN SERUM VS AROCLOR 1242 AND 1260 STANDARDS

Serum Percentage Composition: Are the Mean of 10 Workers:
Parentheses Indicate Cosluting Isomers

Percentage Composition

22

No. IUPAC No. Structure “Std.  Population
Aroclor 1242
3 28 (31) 2,4,4' (2,5,4') 8.1 21.5
4 70 (76) 2,4,5.4' (3,4,5,2°) 1.6 33.0
5 99 2,4,5,2',4° 6.7 8.0
Aroclor 1260
56 118, 149 (106) 2,4,5,3',4': 2,3,6,2',4',5' 11.5 14,7
(2,3,4,5.,3")
6 153 (105, 132) 2,4,5,2',4', 5 (2,3.,4,3',4'; 16.1 39.9
2.3:‘.2.,3'.6')
6 138 (160, 163, 2,3,4,2°,4",5" (2,3,5,6,3',4'; 12.0 14.6
1‘4) : 2,3,4.5.6;3’: znsasaa.n"os.) :
7 111 (156’ 2.3'4.5.6'2"3"4' (2‘3'405’3’;4.) 2.5 4.2
7 180 2,3,4,5,2',4',5"' 12.4 6.4
8 194 2,3,4,5,2',3',4',5"’ 0.8 0.6
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GEOMETRIC MEAN GROSS SERUM PCB LEVELS IN VARIOUS STUDY POPULATIONS

Table 4

Uncorrected Values as Reported by Laboratory
(Sum of Selected Peak Heights Method)

No Exposure

(Noaplant Control)

Laboeratory Personnel
(Nonplant)

Employed since PCB Ban
Employed, Not Exposed
Exposed

Aroeclor 1260

Year Aroclor 1242 Service
Measured N {ppb) (ppb) (years)
1976 18 6.7 9.2 0
1984 10 11.2 12.9 0
1581 16 28.3 7.8 2
1981 18 50.4 7.5 24
1976 176 1469.,0 - 14
1979 171 273.0 35,1 17
1983 146 120.6 3.5 22



Table 5

STATISTICALLY SIGNIFICANT ASSOCIATIONS OF GROSS SERUM
AROCLOR 1242 WITH CANDIDATE CONFOUNDERS (TABLE 2)
FOR COMPARABLE POPULATION IN 1976, 1979, AND 1983

‘Values Are Partial Correlations at End
of Backward-Step Multiple Linear Regressions
Hz for Final Regression Equation Given Below

N
PCB Mean (ppb)
Total Neutral Lipid

Exposure

Total Neutral Lipid
Fasting/Nonfasting
Fat
Hourly/Salaried
Sex

Service Time
Smoking

Al bumin

RZ

*Significant associations with gross serum

1976 1979
135 136
1518 289
528 517
0.73» 0.52¢
0.27* 0.30*
0,21 -
- 0.21*
- 0.18
- 0.18
- 0.21*
- -0.24
58.8 52.5

24

1983 :

136
124
505

0.48%
0.25%
0.19
0.25%
0.23*
-0.18
-0.20*

47.1

Aroclor 1260

ROy
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Table

&

BIOCHEMICAL AND HEMATOLOGICAL VALUES REPORTED
AS QUTSIDE AGE- AND SEX-ADJUSTED LABORATORY STANDARDS=

Clinicel High Low
Varisbles ' Males Feonles Totul Malen Femnlas Tatal

Triglyceridaa 38 ] 44 -} o o
Tatal chalessteral 10 2 12 2 -} 2
grT 17 1 18 -] [} a
scoT 1 -] 1 Q -] -]
GCT i1 5 18 1 Q 1
Alk. PFhosplhatass i b3 2 3 Q 2
LDH a ] 4 -] Q o
Slood glucoes 10 8 15 Q ] o
Uric wscid 10 2 12 2 -} 2
Total bdilirubin -} Q -] o ] -]
Direct Dbilirubia Q Q Q o o Q
Total protsesin Q Q ] b3 1 2
Albumin -] o -] -] -] [+ ]
Globulia Q -] -] Q -] Q
A/G ratio - 18 3 21 o o =}
Bux 4 =] 4 2 2 4
Creatinine 1 ] 1 Q 1 1
8/C racta 8 § 11 1 -] 1
1.1 Y -] 2 2 1 Q 1
X 14 4 18 1 1 2
€l t1 -] 1t 2 Q 2
Ca Q -] Q Q o -]
P 2 3 4 3 -] 3
| 1. -] -] Q -] a 11
Hemoglobin 3 1 3 3 o 3
Heasatocritc 4 2 ] ] e -]
} {4 4 3 7 -] -] -]
| {~5:] 1c 3 13 1 -] 1
(. [ Q 9 -] 1 2 3
| }. - 4 2 4 11 5 18
Diffesreatial

PYNs 3 2 5 18 L] 21

Lysphocytas 13 8 23 5 2 7

Monocytas 14 1 18 -} -] -}

Zosinophile 11 3 14 -} -] . °

Oseophils -] Q Q [+} -] Q
Urinalyeis

Albumin 1 Q 3 Q Q -}

Acetans . Q Q Q Q o] Q

*fmitd Klins Laboratories, Inc., Kiog of Prussia, PA.

Rate: All bwlood chemtstries determined on esrun; hematalogy.
mEessuremssts on EOTA veaoua DBDlaood.

Abreviatioas:

89QT - serua glutamic-ozalacatic
trassaminese

T ~ eerum glutamic-pyruvic
traassaaiasse

QTP = asrum gamas glutasmyl
tranepsptidase

Lom = serum lactic dehydragensss

A/G retio - albhumia/globulia ratio

auN ~ bloocd ures nitrogen

B/C razio - blead urea nitrogsn/
¢reatinine ratio

Ha - derum sodium
cl = esrum chloride
Ca - serum calcium

25

K
»
nc
{4 ]
HCT
ucv

WCH

¥CHRC

T]0e
PMN

SSrum patassium

ssrua phosphate

red cell count

hemoglobin

hematocrit

mean gorpuscular
volums

mean corpuscular
bemoglabin

mean corpuscular

hemoglobin concencration

red cell

red cull

red cell

white bdlocad cell count

polymorphanuclsar white cell

count



Table 7

STATISTICALLY SIGNIFICANT PARTIAL CORRELATIONS OF BIOCHEMICAL AND
HEMATOLOGICAL MEASURES (DEPENDENT VARIABLES) WITH VARIOUS MEASURES OF EXPOSUR
DERIVED FROM SERUM PCB LEVELS, IN PRESENCE OF CONFQUNDERS
The Relation of the Percentage of Basophils and
the Serum Lipid PCBs (Aroclor 1242) Was Removed When
the Working/Separated Category Was Deleted as an Independent
Variable (Shown by Parentheses); Partial R (0.95) = 0.165

?

Indepsndeat Varisbles ‘

Depsndeat Gca 18
Yariable L] PCH rc3 Age Jex S/ PL I8 DE  Fat SC Alc Med 3PC
Aroclor 13432
Lag Triglycerides 1486 0.121 - - 4 - 0.18 - 0.33 0.27 - - -
Cholestarol 148 Q.20 - 0.28 - - - - - - - - - -
Basophils (%) 148 - (-0.18) - - - ‘= (~0.18) -~ - - - - -
Araclor 1380 -
Log Triglycerides 148 Q.20 - - - - - - 0 33 0 29 - - -
Cholestaral 148 ©0.127 - Q.34 - - - - - - - - - -
Log BUN 148 0.31 - 0.30 -0.20 -~ - - - - =Q.17 =~ - oNn
Lag B/C aatie 148 G.28 - 0.3 c.38 - - - - - - - Q@ 30 0 28
Abbreviactions:
/-\\. 3/4 - ealaried or hourly worker §C ~ kars or a Kers
‘\ , . PL - plant locstion ss af 1978 Alc - alcobol coasumption code
o J&@ = working or separatad Med - use of mizsd function oxzidase
- D8 =~ absence ar presencs of drugs
intsrcurreat Jdiseass IFG - wmpecific gravity af uriae

26



Table 8
SIGNIFICANT PARTIAL CORRELATIONS QF SYSTOLIC
iRE AND DIASTOLIC BLOOD PRESSURE AMONG 19 INDEPENDENT VARIABLES
Fat Age HMad Mad Sex ° HHY SC
Systolic blood 0.28 0.22 0.20 0.17 - - -
pressure
Diastolic blood 0.31 - 0.17 - <0.19 0.19 -0.17
prossure .
Abbreviations:
HMed - diuretics, beta~-blockers HHY - reported hiastory
Med -~ MFO inducers of hypertension
(diazepan) SC -~ emoking code
1
/\'

[ almat
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