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EXECUTIVE SUMMARY

The PCB animsl ctoxicity litersturs documents that scuts expesures to PCAs pro~
duce rtelatively unremarkable scute texic respousas. Otilizstiomn of stan~
dardiged critezis results in PCRe ascute toxicity belag claesified o8 oniy
slightly toxie co aou-texic (Table 3). This rasnking is bsaed io pare on the
fscc chat doses required to produce short cerm Marmful eoffects in some cesc
species are sa high that 5 dose predicted to produce similar affects in s man
vould exteed 1 guart. lm_nvst. as i» ofcen the case vith many other baleges-
ated organic chemicals, additional concern is juszifiadle becauss of ubiqui=
toua disecribution (Table 4) and potential co coauss loug=tern offects wich
fractions of the individusl doses nscessary co preduce acute sxpesure. The
dlsproportionate comcers with long=tara low-level exposures is primarily dua

to biclogical and ecolagical parsistenmce and accumulatisn ia the body fst.

The primary bdumas heslth and eavironmental concerns relate o lopg-term, low
leval axposures. The total spectrum of anissl and human toxic respenses sust be
considered and related to anticipstsd human sxposurs befors the axvent of ha-
azds ssaosiatsd vith any gives exposure to PCBa can ba sstimsted or documentad.
All svailable dats ea tha toxicity of PCDs to animals have bean reviswed and
comparted with carefully documentsd cases eof humas exposurs. A pattern of come
patadle, cewparacive toxicity wsarges. Mutual expression of most human and
anima! responses enhances the relsvancs of comparative toxicoiogical canciusions
ond genersiizations which are necassary befere axtripolating from past sxperi~

ence to porsible hazards or marging of safety sssecisted with future exposure to
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PCB8s. The folloving parsgraphs briefly summarize the dats feviewed and tacse
components of the dsta saphasized {n the eventual eetimation ef the hazard osed

by axposure to PCls.

The effects of PCls can includs ecneform lesions, bair loss, & lowersd imsune
Tesponse, liver damage and death (Table 7). The saverity of the osbserved re-
sponset s not unususl or inconsistent with texic dosas of most chemicals snd

unremsrkable when compared to many ussful chemecais or drugs.

PCBs yield negstive mutagenic results in ths imes Test (@essure of sutaganic por
tential at the gene level) and the dominant lethal test (teet for heritable dam-
sge leading to embryotoxicity and birzch dafscts), and ere not clastogeaje
(gzoss, sorphologicsl damage to chromosomes) to hlood or sperm cells of zats or
cultured husan blood cells. PCBs must be sssumed to be nofmutagenic.

PCls have produced sabrystogicity and spountenecus abortions oaly at doses clesz-
ly producing =aternal toxicity and ars no more toxic to the fecus tham ecst
chesicals when given at toxic doses to the saternsl animal. PCls can induce fe-
tal liver microsomsl sncymes. PCHAs produce minimal changes in newborns and

sre much iess toxic than some commen vitsmins and hormenaes.

The carcinogenic potantial of PCBa is debatable because one test result is incon-
llllt.ﬂt and contradictory with sil others (Table 8). Rasules in the femsle rats
"in one of the many studies reported was interpreted as assacieting en incresse
in liver cancer wvith PC) treatzent. Two orher chronic tests ia the 3aze
species, the rat, ss well &8 tests in the mouse, did not reveal a statistical,

significant increase ia liver cancer with PC) t-estzent. The most recent tast,
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perforasd by the Nations! Cancer Institute, did not desonstraze that PC3s 2ra-
duce cancer in the tat. The results of all chronic tests are compatible onl; 17
the assumptiea {s msde that the femiles of the Sherdan rat strain are unusually
susceprtible to a single PC (Aroclor 1260). 4 sex-specific aeasitivity is doey-
manted, since only the fasales and not the males ~7 the Sharmen rat st:s:a de-
veloped liver cancer; therefore, the femalea of this strala of rat sust de aoce
susceptible than the msles. ([a sddizion, & strain diffecence sxists b.-eauu. L
sddition to the msle Sharmans, both sexes of two other strains of ret did not de-
velop liver cancer es a result of sxposure to PCIs. 4 species differance i3 doc-
umagtad, since neither sex of ssvere] strains of sice produce positive resulzs.
A compound-specific seasizivity aay elso sxist in rats, since only the sost con-
pletely chlorineted PCBD (Aroclor 1260) tested produced liver cancer, while the
less thlorinated PCE (Aroclor 123-) did aer in either sex. Iz should be noced
that the PCBs that vwere interpreted to induce livar cancer in ths Shermas struin
rat were likely contaminated with unkaown amounts of the highly toxic chlerizss-
od dibenzafursans. The possibility cthat polychlorinated dibenzofurams 1aflu-
snced the only positive test cannot be ignored. Finally, it wust be esphes.zed
that the criteria utilized in diagnosing the canter iz the fesele Sherman csts

is controversial.

Human dats reveal that PCBs produce unremarkabis toxic effects. 4 maszs jpoi-
soning epinode in Yusha, Jepan produced chlorscns, axcessive discharge from the

o'm. irteguler ssngtruetion, and high bHlood tziglyseride levels but oo svidanca

‘of subgtaptisl liver dazegs (Table 7). The PCY at Yushe contained sxcepticnally

high levels of polyechlorinazed dibenzofurags. Studies over the last decads of
workers occupationally exposed to PCBs provide evidence of sinisal texiz:i:T,

primerily skis probless, and occasional ainimsl changes in liver funciion.
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There 4Te 0o data subscantiating an excess cancer risk efter S0 years of 7C3
uss. Hovever, the question of PCBs' carcinegenic potentisl in humass will re-
sain & theoreticel possibility for some time because the lstency period st low
levels could spprosch man'e sormal lifespan. The largest study to date, with
2,500 employess froe tvo cepacitor fectories, rid aot demonstrate any csusal re-

lationship betvean sxpoaurs to PCIs and any excess cancer.

A thoughtful evaluation of the hazard potentiel of PCls wust review, anelyze,
and relate all the felevant evidence aveileble. Alaost all residents of indus-
trislized countries contain detectable levels of PCEs in their bodies and se-
veral ppe have been consistently sessured in the body fat of "normal”™ peeple.
Mesasurscents of blood PCB levels in "normal” vorkers in PCH sanufacturing plants
rteveal that blood levels may be hundreds te thousands of times higher than the
average populstion. Thus, it appears that smaii doses of PCBs obtsined from
our snvironment snd food suppiy sre genersily toierated. The toxicological da-
ta i{ndicate that concern for hasard at high levela of sxposures to PCRs should

be no greatsr and often less than for sany othsr common industrisl chemicals.

PCBs waze once a ussful chemical (n cur seciety. Uncontrelled vaste dispcsal
practices rasulted in humagn eaxposures and environmental contasminacion. Since
PCIs vers widely dispersed and are parsistent, they became ubiguitous in eur en~
viropment. Concern over adverse health effects are largely due to the possi-
bl'.i.li.!:y of long-tsrs exposure to PC3s. Drastic regulatory seasures wers
* considared necessary in 1977 due to the then existing enorzous scientific umcer-
taincy surrousding heslth effects. Compounding this uncertainty is the effect
that ail PCBs do not present the seme hazard becsuse they are different com-

pounds (Table 1). The toxicity of PC3s varies greatly with the degree of chle-
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rination and extent of contamination with polychloro dibenzofuzans. Analys:s of
the toxicological literdture leads to conclusions that support the view :=at
PCBs have not beez demonstrated to be hazardous under most condivions of sxpe-
sure to the publiic and that iptermittent, einiscule exposures are not likely :o

leed to diszssterous consequencss.
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1. PHYSICAL - CHEMICAL PROPERTIES

Polychlorinated biphenyls (PC2s) are formed by chlorinating any one of <an
availsble carbon atoms of the biphenyl molecule (see Figure 1). In the commer-
cial syathesis of PCla, the biphenyl molecule ia chlotinsted with anyhydrous
chlorine usiag either ferzis chloride of iron fillings s» a catalyst (Hutzinger
at sl, 1974). The chlorineticon of the ‘bBiphenyl structure cannot be controlled
steictly encugh ¢t genarats gonly tue pure, sterecchesically homolegous
products. Thus, the comaercial preparstions of PCBs are actually mixturss of
chlorinated biphsnyls with varying chlorine content and chlorine positicn.
Since there ara 1Q available carboas to chlorinate oo the biphanyl solecule,
there are & possible 209 different PC) isomers that can be ganarited, as zsen iz
Table 1. 4 sstimated &0-70 different chlerinated biphasyl compounds can be
presant in each of the bigher chlorinated commercizl sixtures. For exawple, Ar-
oclor 1254 contains 69 different molacules that d:ffer iz che nusber and posy-
tion of chlotite atonas. A scheme was developed to idencify specific PCB isomers
from the uany possible cheices. The lovest possible aumsbers are slvays assizned
and tha prime cumbers are always given to the chlorines on the pheayl ring con-
taining the fewest chlorine atoms (see Figure l). About half of the 209 poss.i-
ble chlarebiphsnyls do not occur (8 any commercidl preparsacions, and the
majority of those comwpounds are those in which oaly one ring is <oepletaly or
psuuuutly chlorinated (Huczinger et ai. 1974, NIOSH 1977). For sxample,

thers are o¢ peata~, hexa-, or heptachlorobiphenyl isesers in which one ruing 1

" fully chlorinsted, nor are there pentas or hexachlore derivatives containing four

chlorine atoms on one ring.

PCEs have unique physical and chamical properties that have eade chem useful and
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applicable to. many commercial needs. These properzies :aclude :hesmal
stability; resistance to oxidation by ac:ds, bases, and other chemical agents,
excellent slectrical insulation; fire resiscance; and low volatility. 4 partial
list of some pertinent chemical properties has deen provided for a few PC) gix-

tures in Teble 2.
2. PRODUCTION AND USES

The synthesis of PCEs has besn known for over 100 years. It waa first prepared
in 1867 by Griefs, whe heated biphenylbis (diazonium) platinum chloride vith sa-
dium carbonate (IARC 1978), PCBs were first produced in 1929 by the Swann Ches-
ical Company, which was then purchssed in 1935 by the Monsantes Cospany (Momsanto
1979). By 1964, there weres at least six U.S. companies vith registered trade-
sarhs for commercial brands of PCBs (IARC 1978). Commercial PC) products have
aleo baen procduced by Great Britain, Japan, Gesmany, France, Italy, Spain, Cze-
choslovakia, Poland, the USSR, India, Ddrazil and Argentins (NICSH 1977, IARC
1978), It hax been estimated that over | Yillion pounds of PCls were sold in
North America alens (IARC 1978, Monsaate 1979) and they have bean in use in gl-

aost evary industrialized nation of the world.

The physical proparties of PCEs (as mentioned above) vere applicable to many in-
t‘ut:ul situations and prospted their use in vany commercial areas (see Table
3). DBecsuse of their resistance to fire and breakdown by heat coabined with
thoi: electrical insulating cepebilities, they found numerous uses in the elec-
trical industry primarily in capacitors and transformers. Thay were slso found
to be useful as lubricants, heat transfer liquids, and hydraulic fluids. (nfor-

tungetsly, they vere alsc utilized for meay "open” applications vhere their emis-
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sions into the envirctment caould noc De contrelied. Such uses included comb:-na-
tions with plasticizers., inks, surfdce coatings for wood zad cement surfices,
adhesives, pasticide formulstions 48 AR exteader, cacbonless duplicating paser
and wsmersica o1ls for miczoscopes (IARC 1979, Monsanto 1979). Decachloredishs-
oyl vas alse imported from [taly iato the United States for use &1 a filler for

invastaent caiktlig waxet.

Because of concern generated in the laze 1960's concerning the snvironsantil
parsistence of PCle, production of PCHs begin to be phased out (n the U'.S, in the
sarly 1970°s. 1Ia 1971, the sale of PCBs was volustarily limited to closed sys-
tem uses by the sole sanufacturer at thet time, and production was later com-

pletely discantinued in 1977,

It i3 important to aote that, even «with the cessation of PC3 production per se,
other eavironmental sources of #C) aay axist. For example, it has bean repor:ad
that some PCDs are producta of ODT photolysis (Plimmer and Kligebeil 1973) and
Uyeta ot al. (1976) reported the photoformation of PCla from the sunlighet irra-
diation of mozo-, di-, tri-, tetra-, and hexachlorobearinesa. Basides these
sources of PCBa, Gaffney (1977) reported the forsation of various semo-, ii-,
and trichloro-bipbenyls resulting fzom the finsl chlorination of sunic:ipal
vastes containing biphenyl. Laboratory chlorination of influeac and effluent
from a suaicipal waste trescteent faciliiy slso resulted in the formetion of

these and ather chlorporganic substances such as di- and trichlorobenzenes.
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. 3. OCCURRENCE

PCBs were first recogniZed to be an environmestal contaminant un (966. la :he
gext few years, PCHs vere identified in the environment vorldwide and found to
have become 3 trace contaminant even in those pecple not occupstionally exposed
to them. Since the eavironsental occurrence of PCBa has besn discussed excen-
sively in seversl articles (Peakall 1975, NIOSH 1977, LARC 1978, Wasserman et
al., 1979, EPA 1980) che tfollowing summary parsgraphs will only include & few
exsmples that illustrata the ubiguicous nature of the PCH conzaminatien problas.

For axample, PCEs have been found in:

J.1. Air. 4 Japanese survey reported the the concentration of PCYs in urban air
range from 0.002 - 0.02 ug/a'. & 1975 report on three American c:ties {For: Col-
lins, Colorado; Jackson, Nississippi; and Miagi, Florida) revealed tiet the sv-
erage concentration of PCBs in air was 0.1 uz;e’. To put these data iato
perapective, the currant goverament standard for workroos air is only 0.1 ug/a’.
It vas satimated in 1975 that spproximately 2 sillion pounds of PC3s are depos-

ited and redistributed L{n the U.5. yearly as raio and parciculate agtter.

3.2. Watsr. It has besn estimaved that ths wvaters of Lake Michigan contsin 10
ng/1l ot PCls, vhile the average concentration seasured 11 seswater from the MNed-
iterracean wvas 13 ag/l. PCEs in the Hudson River bave been measured as high as
2.8 ag/l in the water and 6700 eg/kg Lin the sediments. Munic:ipal water supplies
have been contaminated with up to 20 ug/l of PCBs Irom paint contaminated wizh

ia excess of 1%.
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3.3. Soils. A suzvey in 1972 revealed that wh:la only 0.1% of the semples *sken
from agriculturel aress centained detectable amounts of PCRs, 63% of similsr

samples from metzopolitan areas had mseasurable lavaels.

3.4. Marine Organisms. PChs have been idastified in almost all plasts and ani-
wals in cha Atlastic Oceen. Raesidues in plaakton have besn found as high as
1.5 ppm, iz sussels of 1.70 ppm, in shriwp of 7.0 ppm, in gray seals of 14,5

ppm, and in vheles and dolphins, levels up to 147.0 ppm have been recorded,

3.%. Fish and Qther Aquatic Organisms. Fish can biosccusulace PCBs in the
range of tens of thousands to seversal hundred thousands of times greater than
the conceatration of PCBs in wacer. Thus, {t is not surprising to find reports
where fish from easternm rivers of the United 5tates have had PCBs as high as 150
ppm in their flesh or fish from the Great Lakes have &t one time contained levels
ranging fzom 2.7 - 26,0 ppa. Sardines taken {rom the Mediterranean Rave had 0.7
- &,7 ppm, vhile sardines f:owm other areas such as the Atlaatic coast, Adriatic
Sea, Frasce and Tokyo Bay had 0.3 - 0.4, 6.3 » 1,06, 0.7 = $.]1 and 1.0 - 1..0

PPE, respectivaly.

3.6. Birds. The bighest concentrations of PCBs for apy species are probably
thoss found (n birds. Birds are often at the top of food chains and therefors
the most often 4ffected by chesicals that can be bioconcentrated. Residues :e-
ported in carmivorous, bunting species are as follows: 14,000 pps in wiite
teiled sagles, 2,000 ppw in peregrin falcons, and 500 ppe in herons. Liver con-
centrations in geanets of England ranged from 4,720 - 9,590 ppa., Reduction of
evian populations by PCs has been feared becauss of the excessively high resi-

dues seasursd 4nd the fact that they may affect reproduction by altering che
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oggs themsalves, causing neurological changes reducing ficness and defense, and
decresasing the 1mmunclogic defense againss :infectiaus disedses. P23s have Sean
found in bird eggs &k concencracions &» high &8 seversl thousand ppm, althaugh

they are mora often reported in the 10-100 ppm range,

3.7. Man. Studies have shown that 3an is sxposed to PChe through the eaviron-
ssot because they have been found in the fat or bleod of persons pot occupa-
tionally expcsed. Jelinek and Corneliussen {1976) calculated the deily ia<ake
of PCHs in the diet of a teenage sale at 8-15 pg/day for 1971-1975, Fat concan-
tzations of the "normsl” population can l;c several ppe with blood lavels i the
ppb rangs. PCB lavels are usually higher in the sale population, and measursble
levels of PC3s have been reportad in psaple from the U.S., England, Norway, Fin-
land, Netherland, France, Germany and Japan. Thus, it canm be concluded cthat hu-

man FCB concamization from our environment is & worldwide phanomenon.

1.8, Food. Pongidbly the major source of humsn axposure to PCBs has baen our
food. TFood say becoms convaminsted {n aany wiys including residues of pestic:de
formations containing PCIs, migratiem from packaging made from recycled paper,
rainfall and particulate fallout onto crops, #nd, of courss, from fish &nd meat
grown in contsminated areas. The extenat of 2CJ concamination of I{ocd has been
wonitored by the FDA and USDA sioce 1969. The results of some of the wonitoring
is pregsanted in Table 4. Curreat FUA tolerance lavels are reported in Tsbls §.
The presence of PCBs in food declined over tha years and this decresse corte-

lates with the decline in its industrial use for this perioed.

3.9, Summary of Occurrence, There has been & sharp curtailsent of PCB pro-

duction and dispersive use applications frem & rscotd high of 70 million lbs in
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196%. It {s believed that {t will ctake mdny yasrs for scosyste®s such as Laxe
Michigen to be cleaned of the PCBs aven if 20 new input is made, Due to high ad-
sorption ccefficient and resistance to degradation, the PCHs have accumulaced i3
quantity in bottom sedimants. The final eavizonmentsl sink for PCBs is ;re-
dicted to be degradation in the atmosphere and uqhaitnttoa by irteversible

binding to metabolically stagnant sediments of lakes (Nesley 1977).
4. ANIMAL STUDIES

4.1. Pharmacokinetics and Maetabolism. It is generally ackaowledged cthat the
toxicological assessmant of commercially avaeilable PCBe has beea complicated by
the heterogsneity of the chlorobiphenyl sixtures. Marked differsnces exist u1n
the physicsal and chemical properties of esch specific chlorobiphenyl that may
influence the rates of absorptiem, distributien, hiotransformation and axcre-

tion.

According to thie scheme of Matthewa and Kato (1979}, PCDs are a Type III class,
of halogenated sromatic hydrocarbons. As meabers of this class, one correctly
predicts that PCHs would be quite noa-polar, reaadily absorbed orally, and slowly
sstabolized. PCBs are aslmost completely asbsorbed by the gut, having a 92 -~
98.9% officlency of sral absorption in the rat which is largely independent of
the degree of chlorination for the dosags range of 5 - 100 ag/kg (Albro and Fish-
bein 1972). In another study in rats by Matthews gnd Andersen (1975), it was
found chat PCDs are takan up froo the blood initially by the liver (high perfu-
sion and affinicy) and suscle {(large percent of the total body mass). PCBs then
rediatribute to the skin and adipose tissue (highest affinity, low perfusion)

such thet the tissue concentrations ultimately equilibrate in the following or-
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dar: adipose tissue > skin > liver > muscle (Matthews and Anderson 1978, Lucz et

si. 1977},

The dbsorption and the distribucion patterns of the various chlorinated Yiphe-
nyls are sizilar, but setabolism 13 not. Studies have shown thst the eomochiors
and dichloro biphenyl cospounds sre extansively ametabolized, but that increas-
ing the chlorination decreasas the extent of setabolise (Matthews and Anderson
1975). For exampls, in tha rat the sonochlorobiphenyl is metabolizad 5 Z.zes
faster than the dichlorobiphenyl, 15 times faster tham pesntachlorobiphenyl, and
200 times faster than hexachlorobipbenyl (Luez et sl. 1977). Thus, while the
mono and dichlorobiphenyls 4are extansively wsetabolized and excreted within
days, it was calculated that less than 20% of & single 0.6 mg/kg doss of 2, 2,
4, 4", 5, 3" hexachlorobiphenyl would be eliminsted during the lifstime of the
animsal (Matthews and Andarson 1973). The sxtent of chlorination and the posi-
tion of the chlorine atoms on ths biphenyl ring both significantly alter the
zate of mataboliss. Studies in aice and rata indicate that tha hydroxylation
Tate increasas with the rslative availability of adjacent unsubstituted carbon
atoms (Tuhey snd Matthews 1977, Miczutani et 8l. 1977). For example, in mice
the tetrachlorobiphenyls are metabolized at rates such that the accumulatian of
PCP 452, 2',3,3'm3, 3", 4,4"<2,2",5,8'¢€2,2',64,4'<3, 3,5, 8. When me-
tabolism of the mice wvas increased by induction withk phenobarbital, the order
for sccumulatioz vas eseentially the save with 2, 2', 5, $'<2, 2', 4, 4°<3, 3",
5, 5' leaving the authors to conclude that this refleczed the recalcizrancy of
the particular chlorinated biphanyl to be wetabolized (Mitzutani et al. 1977).
Similar evidence has been provided in rat studies wherse adding chlorines at the

4 and &' positions, thereby eliminating the unpubstizuted vicinal carbens of 2,
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2', 5, 5' vetrachlorobiphenyl, dramatically lowered the rate of setabolism (“ar-

thews and inderson 1975, Tubey and Matthews 1977).

Ths abilicty of PCEs o induce hepatic enzywes and chereby increass aetabol.sa
bas besn well documented (Litzerst and Van Loon 1972, -Litterst et al. 1972, Tes-
ta and Jenner 1976, Ecebichen and Comeau 1975, Johnstome ot al. 1974 and Gold-
stein et al. 1977). PC3s are very eflective inducing agents whose potency on s
solar basis far exceeds that of pheacbarbital or DT and sre capebls of caus:ing
8 100% increase in cytochrome P-4350 at the relativaly low dose of 5 mg/kg (Lit~
terst and Van Loen 1972). However, the position and degrse of chlorination on
ths biphenyl npucleus still plays an important role in the effects elicited.
Lcobichon and Comeau (1973) found that to ephance oxidative metaboliss, chlori-
nation st the & or &' position was required. They and others have also reported
that increased chlorination increases the amount of induction seean (Licterst et
al. 1972, Johnstone et &). 1974 and Goldatein et al. 1974). Geldstein and co-

vorkers (1974) demonstrated that while PCD aixcures can iaduce buth cytochrome
P~450 and cytochrome P-4ild, cytechroms P-430 is alvays induced by isomers in
vhieh chlorines are present at the ortho and pars positions regardless of ths
axcant of chlorination, while symmetrically chlorinated bipheayl isomers with

chlorines in the meta and pars positions only inducs cyctochroms P-4sl.

The mataboliam of PCBs {5 alsc of interest becguse of its possibls relationship
to the compound’'s toxicity. The formation of an srsane oxide during the hydroxy-
) lation of PCBa has besn suggested fros studies demonstrating dihydrodiol ametas-
bolites and NIH shifts in deutarium and chlorine stoms placed at the pars
position (Mstchews et al., 1978, Daly st al., 1972). Arsne oxides of certsin

polysrosatic hydrocarbons (PAH) ars known to bind %o nuclelie acids and {t has
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bean postulated thet the interaction of these reactive solecyles with nucleo-
philic sites of DNA and other sacromolecules leads to the induction of Tumcrs
Thus, it bes been hypothesized that arens oxide formacion of PCDs may &lso lesd
to alkylation of critical cellular sites thereby inducing cancer (IARC 1978, 174
1980, Allen and Norbeck 1973). However, thare are several differences betueen
PCBs and PAHs chat should slac be considered vhen suggesting euch & aschanise
For example, whils there ie a good correlation between the mutagenicity of PaHs
in the imes assay and their carcinogenicity in rodents, euch ie not the cass for
PC3s. Only monochiorobiphenyl is positive in the Ames sssay, while the poly-
chlorinsted biphenyls wers not (Wyndbam et al. 1976). Heze it appesrs that the
decysased astabolisa with increased chlorination would reduce the likelibhecd of
formation of & reactive ametabolite necessary for interscting wicth the DNA.
Therefors, the reduction of metabolies and lack of wutagenicity aasccisted with
incredased chlorination of the biphenyl ring is in direct oppesition to the pro-
position that an axene oxids intermediata, capable of gepotaxicity, (s responsi-
ble for cthe tumorogenic effects of highly cblorimated dipheayls. [t should be
notsd that phatathrene, which {s probably che PAH mQet closely zalated to diphe-
ayl by structure, is not sutagenic in the Ames assay (HcCaan ot al. 1975) and
doss not inducs cumors in newbara aice, nor doee the epoxide of phenantizens
{(Grover ot ol. 1975). On the basis of scructure actavity, ralationships of
Palls, it vould saem moTe prudent to predict that PCls would be mote likely to act
1tks the poncarcinoges phananthrens than the carcinmogen benzanchracsne. More
recently, it has also bean suggested that the sctual ultimate carzinogen among
the PAHs i3 & dihydrodiol-spoxide eetabolits which is such aore sutagenic and
carcinogenit tham the parent compound (Kapitulaik et al. 1977). Since epoxide
formation becomes less likely with increased chlorination of the biphanyl nucle-
us, it would sesm that formation of dihydrodiol epoxide intermedistes are un-
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likely to correlats with either cbaerved tumorogenicity. Another festure of PCB
astaboliss that should be considered vhen postulating potential mechsn:sme ‘or
cancer inductionm ia the spascies differences in the rste of estabolism. 3ased
upon the formation of reactive metabolites leeding to tusor induction, it say be
posaible to iaduce cancer in r.oaonu bur such lese likely to do so in primates or
man. Thais stems from the finding that rats metabolize and eliminets 76% of &
does of PCBe iz J daye while primates eliminate only 2% of the same dosags for
the same interval (Van Miller et af, 1973). Thus, mot oaly would eutationsl
evants leading to cancer be less likely to occur in prisates, but DNA repeir me-
chanisms weuld also be much sore likely to prevent the persanencs of any muta-

tional event.

4.2, Acuts & Subchronic Toxicity. Several revievs of the samselian toxicity of
PCBs have appeared in the last decade (Fishbein 1974, Kimbrough 1974, Peakall
1978, NIOSH 1977, IARC 1978, EPA 1980). Thersfore, an sxhaustive review of the
literature will oot be offered hers. A sumsaty of the pertinant scute side af-
fects of PChs 'n anisals follows.

Dsu'l are largs for smost species tested. Ia rate, the acute lethsl does ranges
from &,000 ag/kg - 1$,000 ng/kg and increases with the chlorine conteast of the
sixture tested (Fishbein 1974). The scute toxicity of PCBs mey be classified as

slightly toxic te aon-toxic a8 described in Tables 5 and 6 (Doull et sl. 1980).

Skin disorders similar to those sesn in humans have beso observed in monkeys.
where facial edesmas, hair loss and acne occur at oral doses of 250-400 ag (Allen
ot ol. 1976). PCBas spplied directly to the skin of rabbits induce hyperkereto-

8is, erethyms, blisters and desquamation (IARC 1978).
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Ecdocrine effects are ancther change elicited oy PCBs. Estrogenic ac:zivi:y,
which is possibly relsted to effects on stercid metabolisa, has bean reported :pn
rats (Higuchi 1976). [o primates, PC3 exposure results ia proionged menstrual

cycles and increased bleedizng (arsotcd ot al., 1976},

Other sywptoms reported in various species include: gastric hyperplasis, thymic
strophy, decreases in red blood cells and lymphocytes, splenic atrophy, and an
increase in the serum lavel of triglycerides, cholesterol and phospholipids (for

review see NIOSH 1977, IARC 1978, Higuchli 1976 and EPA 1980).

4.3. PCB Contaminants. No discussion of cha toxicity of the polychlorinasted
biphsnyls can be complete without stressing the possible rols of trece contam-
inants of PCls, e.g., the polychlorinated dibenzofurans. For example, embrye-
toxicity of the PCBa has been attributed to chlorinated dibenzofurans present as
trece contaminants in the commercial preparations. Subssquently, tetra-,
penta-, and hexachloradibenzofurans were detected it & number of American prepa-
zations of PCia (e.g., Aroclor 1248, 1254, 1260). Concentrations of the indi-
vidual polyctlorodibeazofurans were in the oxder of 0.1 eg/kg of the PCH.
Chlorinated dibenzofurans have been considered as possible causes of embryenic
mortality and birth defects observed in PC3-feeding experisents in birds. The
polychlorinated dibenzafurans are structurally related to the chlorinsted di-

benzo=p-dioxin, some of which are highly toxic, teratogenic and carcinogenic.
A oumber of possibilities exisc to sccount for the presence of polychlorodi-

benzofurans in commercial PC3 mixtures. One explanation considers the presence

of the parent compound (dibenzofutan) in the technical grade biphanyl subjected
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to the chloringtion process. [t Ls also conceivable that polychlorinated d:isen-

zofurans may ba produced from ?C3s in the eavironsent.

It shouid ba atressed that the transformation of oaly 0.002% of 4 major consz.z-
uent of an Aroclor mixture to the corresponding chlorinated dibenzofurans wouid
produce concantratioms in the mixture corresponding to the values reported oy

Vos ot al. (1970) as toxicologically significane.
5. MUTAGENICITY

The Ames assey utilizes Saimonsila typhimurium to deteact reverse point sutatien
st thy histidine locus. Only monochlorobiphenyls have desonstrated any activity
in che Ames 1538 tester strain. In this same study, the polychlorinsted biphe-
nyls such as 2, 2', §, §' tecrscklorobiphenyl, 1254 and 1260 were aegative
(Wyndham ot al. 1976; Safe, EPA 1980),

Green ot al. (197%a) have demonstrated that P:Bs do not cause significant clas-
togenic sffects in bons mafrow Or sparw cells 3f the rat aven at high doses. Ar-
oclor 1242 was givan ac & single doss of 1250 - 5000 mg/kg and st 500 eg/kg for
four days (a regimen causing the condition of the animels teo detsriorsta), while
Aroclor 1256 vas given et doeses of 75 + JO0 eg/kg for five days. Thess findings
are comsistent with the lack of chromosomal sherrstions observed in husan lym-
phocyte sulmul wvith doses of 100 mg/kg Aroclor 1254 (Hoopingsrner st sf.
1%972).

The possible gutagenicity of PCs has besn studied by Green st al. (1975b), us-

ing the dominant lethal test. There was no statistically significant incresse
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in the number of dead implants, again &t high dossges of Arcclor 1212 and [25¢
Keplinger ot sl. (1971) alsc ezployed the dominant lethal essay and reported 20
evidence of mutagenic effects Zor the droclors. Polychiorinated biphenyls do
not have significant mutagenic potantial.

)

6. REPRCOUCTION

Studies in various species indicate that PCBs do not sffect conceptual rates in
animals. Calandra (1976) studied the effects of Aroclor 1254 and 1260 in rets
through three genaratioes. Iz the first genaracion of offspring, he found no
changes related to treatsant in the mating index, in the second generation ha
found reduction, and in the third generstion he found results similar to those
of the first generetion. Calandrs concluded that there was no suggestion of any
alteration in response in succeeding generaticns. Similsrly, Linder et al.

(1974) found oo effect an reproduction in Sherman strain rsts exposed through
two genaraticns at dietary levels of § ppe. Exposure of rats to 50 eg/kg/day of
Aroclor 1254 >r 100 wg/kg/day of Aroclor 1260 also did not affect reproduction
(Linder 1974). In the zabbit, Villeneuve ot al. (1971) found no decrease in the
auaber of pregnancies in anisals fed 0.1 or 1.0 ag/kg body weight of either Ar-
oclor 1221 or 1254. Finelly, female rhesus monkeys given Aroclor 1248 st 2.5 or
5.0 ppm in their diet and bred to untrested azles had normil conception rates

(Barsotti et sl. 1976).

Other indicas of reproductive toxicity were sisilsry unchanged by PC3s. Calan-
dre (1978) noted thst neither of the reproductive trgcts of nsle nor femsle rsts
were effected folloving axposure to PCBs. Dikshich et al. (1975} reported thst

Aroclor 1234 produced no histopathologicsl changes in the testes or epididymis,
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nor did this Aroclor 115¢ cause significant chromosonsl damsge or arcest sperna-
togenesis in the male :st. Animal studies indicate that there is little reproduc-
tive risk sssociated with exposure to PCBs, a finding which agrees with the isck

of reported fertility problems in humans after exposurs or consumption of PCls.
7. BIRTH DEFECTS

Aroclor 1242, 1254, or 1260, at doses up to 30 mg/kg administered to rats during
the organogenic period of gestation, did not produce sxcess sabryotoxicity or
worphological defects (Calandra 1976). Other sxperimentsl evidence documents
the lack of adverss sffects of PCBs on sither smbryo or fetal development. Lia-
der ot sl., (1974) reported that admtnistraticn of droclor 1254 to pregnant rsts
at 100 msg/kg/day oo gestational days 7-15 did not produce amy groesly abaormal
offspring. Although oaly 30% of the offspring of wothers exposed to 100
sg/kg/day survived until weaning, greater than 0% of the treated mothers died
prior to delivery. The 20% satsrnal wsortality produced by the trestment sug-
gests overt saternsl toxicity comtributes to neocnatal sortalicty. The ucn‘u-
in liver veighzs noted among thess offspring vas sporadic and not dose relsted,
vhich minimises the likelihood that the increased liver weight reported wes s
specific PCR-induced effect, Io other studies, Aroclor 12354 administered during
gostation again resulted in no fetal aorphological abnormalities or reduction 1n
viability (Villeneuve &t al. 1975). PCBa alsc did not induce terata in pups
born of dams fed the squivalent of )12 ppm in the distc or in piglets of sows fed
) the equivalent of 50 ppm in the diet. However, increasing these consumptions by
4 to 30 timses gpparencly results in some form of terata (NIOSH 1977). These dats
cannot be properly evalusted since they have not been published. Doses of PCIs

up to 300 mg/kg wers not teratogenic in mice when givea on geatational davs !
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through 6§ or on gescational days 7 through 11 (Tosruek 1973). Similarly, feed-
ing pregnant zonkeys Areclor 1248 st levels of 2.5, S or 25 ppm did not produca
salformations (dllen et al. 1974, Jarsecti 1976 and illen and Jarsotr: 197a)

Howsver, because of overt maternal toxicity resulting from exposure to the aign-
er levels, abortions were comon, 4s well as reductions in fatal body walgats
PCBs have not significantly sitered embryec or fetsl development in either ro-
dents or subhuman primatas dnd there appsars to be little terstogenic risk asso-

cisted with axposure to PCBs.
8. CARCINOGENICITY

The polychorinated biphenyls (PCBs) present distinct problsas vhen attempts sre
ssde tO estisate a potantial cancer risk to san from data developed in rodant
studies. The crux of the dilezma i3 the need for & relevant intarpretation of an
excess incidencs of liver tumord in rodents fed certain PC3s. Similar problems
in interpreting hazard, hased upon an excess of rodent liver tusors, bave been
expsrienced for a number of other structurslly-related persistent, halogenuted
organic cowpounds. Inzluded among thess related compounds are DDT, dield:sin,
sirax, Keponed, haxachlorobetczane, polybromsinated bipheayls, 2,3,7,8 tetracale-
rodibango-p-dioxin (TCDD) and hexachlorodibenzodioxin, The polyhalogenated di-
benzofurans, naphthalenes, and terphenyls which arse related struciurally, have
noct bean tested for a carcinogenic effect. Most of the chasicals ssntioned sre
r.:t special concern, since they are persistant in secmals once they hsve besn sb-
sorbed and poorly degreded in the environmwat. While wst'ot the chemicals Te-
presanting these classes are commercial products, the polyhaloganated dibenzo-
dioxins and dibenzofurans cccur only as contaminants of other products. The

following axpanded discussion of oncogenesis and carcinogenesis emphasizes tha
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comparative pathology of lesicms produced in the liver of rodeats by chronic PCJ

adainistration.

8.1. What Mechanisms Provide for the Expression of Carcinogenigity or Onco-

genicity? For the purpose of our discussion and, as o-ppc_vlod to NCI suggestions
for classification (which are discussed later), caacer will bs defined trad:-
tionally. Cancer is the producticn of life threataning sslignanst tumors of po-
tentially unlimited growth that expand locally by invasion and systemically by
matastasis. 4 chemical i3 by definition caly & carcinogen under those condi-
tions which irreversibly initiste sesatic mutations, promots uncentrolled neo-
plastic transformation and ultimately produce cancer. 4 chemical will be
defined as a carcinogen only under limited circumstances. Several hormones and
slamants are sssential at physioclogical levels and carcinogenic at toxic levels.
A chemical is only 3 carcinogen under conditions which irreversibly initiate and

ultimately produce cancer.

Iniciaticn 13 defined as the production of damage to UNA which is of a sagnitude
sufficient to be sustained but of & oature which permits cell survival and pre-
dizposss the capatity of uncontrolled growth. Cells containing damaged DNA can,
under certain circusstances, act as the stem cells for the formstion of clones
of cells containing heritable sutations., Mutagenicity is defired &s the pro-
duction of permsnsat alterations in the genoms. The related processes of somat-
ic wutagenesia and initiacicn have the potantisl ta glter the genoms of any
call. 4n altered genoms inevitably increases the probability of dysfuactios.
Cancer iz cellular ragulatory dysfuaction expressed as irreversible and uncon-
ttolled growvth, Heritabie somatic mutations which resuit in the initistion of

genes responsible for cellular regulation increase the probability of producing
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cancar. .

HMost mammslian ganes exist in allelic pairs. Evidencs from somst:ic cell hybri-
dization studies indicates that the malignant phenoctype appears to be recessive
for nom-vizal induced cancers. Consegquantly, a nenllvu‘ toBatic wutation in
one of the alleles would got normally be expected to sanifest itself as cancer
until & second mutation cccurfed in the remaining tormal sllele carried 1n :he
sams cell. The probability of two independent wutations occurring in the same
allelic pair of genes in the same call is sxtremaly rars. However, gives enough
sutations in enough cells and & prior inheritance of susceptable genes through
the germ line, the chance of having s cell vith both ellales of g critical gene
being sutated and thereby producing cellular dysfunccion becowss not just probs-
ble but very likely. In the case where thers is 3 history of a spontsneous inci-
dence of cancer in the test animal, dysfuncuoen s inevitsble snd ths guestion
chengns from whether or not cancer will deveiop to how much and how soon can-
cer will gdevelop. Liver cancer, which is very common in the rat and scuse, has
bean shown to be an example of this process. Cancer risk increases with =ime,

primarily because the magnitude of initiation is & cusulative probability.

Rodent liver tumer causstion is oftep referred to as wultifacteri{sl. This is
just another vay of saying sany indirect factors can alter the incidencs of tu-
worm. Totsl caloriss, fat content, vitamin £, stress, crowding, and sex of the
bost can all influsnce tumor incidence. Therefore, in order to be specifically
defined a carcinogen, rather than & fector of ucknown aschanism, & compound asust
be ap {nitiater. I[mitiaticn, the sustained modification of genes via specific
slteration of scwatic cell to DNA, is dose dependant. Thus, whether and when a
chemical is or is not defined ss a carcinogen 1s dependent on desm. MHow then do
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we categorize compounds which increase the observed incidence of tumors when :he
data available describing the tumors sre not sufficient to strictly or unamb:z-

yously classify the tumor as cancer?

Propoters tdve been postulated to act not as initiaters but throughk medulat:on
of geane expression and celliular compunication. The eolecular mechanisms of pro-
sqters are 8ore varied than those of initiators which must alter DNA. Included
smong the known mechanisms of promotion is the ability to control various genes
vhich provide a selective growth sdvantige. We will define promotion as the
ability to sghance the selegtive proliferation of previcusly initisved cells.
By definition promotion canset occur until & critical gene is initiated. The
DNA of dividing celle replicates proporticnately to the rate of cell divisios.
DNA {s more susceptible to mutation by chemicals during replication. Silent mu-
tations of dormant cells s&xre mere likely to be expressed during replication.
Wounding, growth stimuli, necrosis, inflammation, of certain chemicals can se-
lectively and rapidly allow cells containing the mutated gans to form a clone of
semi-initisted cells. A rapidly dividing clons of initiasted cells contalning one
agtation of a gritical gens obdviously enhances the probadility per unit time of
initfating & second sutation of the remsining tiormal allele "Foci” or "Areas”
discussed in detail later are likely clones of cells repidly develeping in re-
sponss to chronic injury inflicted by PCH tredatmant.

Aow cam we account for progreseion as well as regresaion of tumors? The bielog-
ical envircoment controls normal growth, developaant, and maturation. These
cohtrols copbstrain the growth of cryptic in situ cancer. Whes these coatrois
deteriorate, as in old ege, or are overwhelmed by externel influences, cancer

develops. The growth of moet cells with malignant phenotype in heslthy animals

MONS 213178 2




is repressed by contict with normal cells through & process called zontact :nhi-
bitjon. Sesil volecules and ascromelecuies responsible for contact inhibizion,
including mesbrane antigens, sre readily transferved between cells. Thersfore,
even if e mutatiocn, reducing critical gene products controlling d:ffereatiation
and growth, occurred in one gane of & cell, the close physical prasence (contace
inhibicion) of normal cells would contribute to maintaining the required level
of gene producta. The net effec: is that hesithy tissum can usually repress the
tendency of initiated ceils to proliferate. Whan initisted calls do proliferate,
calla 1in the center of the forming clone _vill be subjectad t2 less and less coa-
tact with normal cells. Less control increases the opportunity for the clone to
further underge diffarentiation or incorperste & second sutation during the pe«
riod of proliferstive seccivicy. 4fter e hemozypous sutant is formed, the likee
1ihood of either s norsal hemesygous or heterozygous call being sble to transfar
encugh of the nesded gene products even by direct concact is greatly reduced.
Escaps from the u:i-proulhuun influance of normal calls iy slso anhgnced by
the establishaent of & crivical mass of mutated cells; such a4 critical mass also

aids the clone in evading ismmuns 3urveillance.

Qur hypothesis is based oan the basic mssumptions that each somatic cell of the
differentigted sampalisn orgéniss (rat, sousa Or 24an) contalns the ssme genes;
ssch cell type has only & fav specific genes in tha active state; esch differen-
t.uud ¢oll type has spacific gens products; and the various differentisced
cells of the organise centain receptors which differencially respond to specific
sets of euvironmentsl signals. If ve assums that melecular signals duéncud by
the mambrans can all ba transfarred to the aucleus and then to specific genes, &
mechaniap by wvhich 4 sulti-differencisted organise can specifically respond and

adapt te the savironment has been consiructed. Raeceptors of various cell typas
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are not likely to be equally influenced by any chemical since they &re codad by
differsnt genes. Tharefore, it is only reasonsble that there are tissues where

the production of mutations may or mey net be expressed as dysfunction,

Gene dosage is & related phencmencn vhereby the effective level of gene produces
is determinfed by phenotyps. The quality as well as the gquamtity of selaczed
gene products influence the paintanance of the non-preliferative stata via ses-
sengers for the receptors producing cell-division repression. Csi! prolifarstion
will occur If cells producing cseii-division repressar messengers are cdastroved,
medifisd or disrupted by chemicals, surgefry or wounding; if the sbility of re-
pressors to act is inhubited; or if the receptor type or numbers have been ai-
terad by mutstionsl or epigenstic rspression., If the damage i3 :wcxubh..
cells say revain the ability to zestore the original nusber, levels, and state

of gene products. Under such conditioms, the cell {s sapeblie of reescablishing

teedback control over proliferstion/differsntistion.

Any aevent fac:licating s second wutation of s gene resulting in s call type
homasygous fur the neeplastic phenotyps will facilitate eventusl progression of
the resulting cell line inte s disaame state expressed os malignant, true breed-
ing, mevastasiging tumors. Agents that only promsots the ability of preaxisting
phenotypes to be axprassed would be expscted to dccelersts ths rats of devalop-
seat but mot necassarily creste 4 new diseass typs. Thersfors, appropriste di-
agnosis of cancer wvould be accomplished by making cosparisons of malignancy only
at pointe in time vhen spontanecus lesions in ths tontrols and induced lesions
in the trested occur st the same incidence. Processes only promoting cancer in
gity would be sxpected to ragress upon removsl of the promoter and not changs

the rstic of maetastssizing to nonmatastas:izing tumars. [t {s notevorthy that
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such often appuars to be the case with liver cancer in rodents produced by cy-

clic chlorinated compounds.

A cowpound can increase cancer either by inicistion or sslective proliferation
of clone(a) of nsturslly occurring necplastic calls or hir n combination of both
processes. Tissue cospound interaction chazacteristics mediste ths axpressica
of chess basic processas apd ultisstely the presanscea or shasnce of tumor devel-
opasps. A compound 13 sn incomplete carcinogen when it only initiates er only
promotes. For wiasple, vheaz the level of sdainistration of an initiacior is noc
sufficient to kill any or samy cells and a hyparplastic response i3 not
produced, other sources of presotion 4re ueeded to awplify the groweh charsctet-
iatics of iniciaced cella. If, on the other hand, rhe exposure to a8 iaitiacer
killa or injutes many of the carget cells, the rapid growth of progeny of the
surviving iniviated cells vill be triggered by the process of repopulating the
organ. In this case the (nitistor, through its cytoroxic actica, 1y both direct
nici;:e: and promoter and, thezefors, & complate carcincgen. If a cowpound is
present at s level vhich promotes aslective growth of cells wich neoplaatic phe-
notypes but dowe not sustein compound induced -;uetons, the compound would be
functioning only a3 a promoter. Since both promotion and initiation are nde-
pendently dose- and time-depandent and tissue, sex, and species sansitivities
vary, the definition of s compound as an initiator or promotor is dose, durstion,

and route, a3 well as tissue, sex, species, and time-depandant.

It will be documanted later that PCIs do not increase the incidence of tumors at
any site axcept the rodeat liver. Liver ceall desth, traums snd hyperplesia arse
al! produced by PCBs snd can be sxpected to yisld conditions favering preafer-

eantial growth of cells with dormant neoplastic phenotypas. Liver tumors are &
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common part of the natursl disease process of roedents One can safely generai-

ize that the tumorigenic propertias of PCBs to zhe rodent liver result st leas:

in grestest pert from alteration of the homecstasis of control mechan:sas.

Thus, changes sean in rodeats with & natural history of high incidence of liver

susors guit be interprated carafully. Toxic response and Premation sust not be

mistaken for initiation.

8.2. Comparison of the Charscteristics of Oncogens snd Effects of PCB3

Oncogens produce incredsas Of spontanecus tumor 4t selected sites. PCHs
producs livar tumors.

Tumors producad by oncogans usually do noc increase the metastatic charace
teristics of spontanescus tumors of the same site. PCD increased liver ty-
»0Ts do Dot metastasize.

Oncogens do agt produce transplastable tumers unless the naturally eccur-
ring tumor is capable of transplantation. PCH tumors do not transplant.
Tumors influenced by oncogens gre often affected by fectors such as auczi-
tion, stresa, chrenic injury, and sax of the snimal. Liver tumors are af-
fected by these factors.

Oncogens naed nOt ba wutagenic, PCIs are oot wutagsnic.

Neoplastic lesions increased by oncogens mey be reversible PCB incressed
liver tumors tegress,

Progressaion of differsntistion of nsgplastic lesions increased by oncogens
eften ceasss vhea stimulus is removed. Continued presence of PCEa is re-
quired to systain liver n.epiu is.

Neoplastic effects of oncogens are usually essocisted with the chronic dys-

function of ths a4ffected size. PC3s produce chroaic hspetotoxic responses.
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10.

11.

12.

Oncogens do not necessarily increass the effect of carcincgens secing 4T the
target site. PCDs Teduce the respodse of several other liver carcisogans
Oncogens affecting the liver often incredse microsomal enzywe activity and
eventuslly prodycs evidence of metabolic dysfunction. PCls stimulate LE
and producse metabolic dysfunctios.

Oncogens rirely {f ever fncresse tusor incidence at expasure levels produc-
ing a0 toxic effscta. PC3s are tumorogens only at toxic doses.

Oncogenic effects often raguirs continued presence of the scisulus. Conein-
usd presasce of PCB {3 requirsd to sustain neoplastic alterations of zhe

liver.

8.3. Comparison of the Charscteristics of Carcinogenas and the Effacts of PCBs

l.

-

Carcinogens usually produce neoplastic lesians st multiple sites. PCBs only
increase lesions of the liver.

Carcinogens often incresase the melignancy ¢f spontaneous tumors st the sams
site. PCD incressed liver tumors are of low malignancy.

Carcinomas irreversably progress oace 4 critical ctissue amass s
established. PCB incressed tumors can cagtess.

Carcinogens produce tumors vhich wetssrasize. PCP incredsed liver tumers do
not metastasise.

Carcinogans producs lsthal tumors. PCB increased liver tumers are mot le-
thal.

Carcisogens produce tzansplantable tumors. PCB incrusssed liver tumers do
ot ::rmplmt.

Carcinogens are of'ua effective at single exposurzes. PCBs incresse liver
tumazs only after prolonged costinuous sxposurss.
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8. Carcinogens are offen sctive it nontoxic doses. PCBs only increase livar
tumors at hepatotoxic doses.

§. Carcinogens ars initiaters PCBs arse net (nictistors and therefors got car-
cilnogens .

10. Isiriators are weutagens. PCBs are not sutageds and tharefors not

initiators.

It is apparent that the naoplastic effects of PCls match the definicions of an

omcogen and do sot match the definitions of carcinogens.

8.4, What Has Been Charactarized as Cancer {n Tha Bicassay Litarsture? Thare
bas Deen great coatroversy over the relevance and nomsenclature of rodent hepatic
leaions. Most of the controversy surrounds the uncertainty assccisted with tha
diegnosis of cancer listologicslly pricr to progression to the classical malig-

osnt state.

The National Cancer Ipstitute sponsorfed 4 workshop on the classification of he-
petocallular tumors and ralated lesions of rats, Thers wers 20 parcicipants. i
recommended classification and nomenclature of the liver lesions resuited
(Squire and Lavit 1973). Thess recommendations vers sot unanismous and have not
been universally accepted, but ars utilized in many of the govermment supported
u'pom of PCB carcinogenesis. The following definitions reflect the NCI posi-
tion. Commants have been added vhen relevant to esphasize the gansrsl effact of
the NCI recommendacions that can be characterized as enforcing an expsasive phi-

losophy in defining che neoplastic potencial of livar lesioens.
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8.3. Cholsngisfibrosis {Adenofibrosis). This lesion is characterized by foct or
areas of hyperbasophilic, atypical ducts ia 8 fibrous scroms. [o most casaes,
there later develops an axcessive formation of collagea or of cystic glandular
spaces. Thess lesions could be the “clones” referred to earlier. The naturs of
the lesion is controversial but vas not considered precarcinegenic by Stewsrt

and Soell (1957).

Adenofibrosis referred to by Kimbrough is identified as the zholaagiofibrosis
referred to by Ito. Kimbrough and Ito have observed adsnofibrosis in rats aad
mice that vere fed PCls. The FCls tested by Kimbrough, preducing sdencfibrosis,
vere contaminated with trace amounts of chlorinated dibenzofurans. Adenofibro-
sis can but does not always oceur concomjitantly with hepatocellular carcinoma in
rodents. Although increased incidence of hepatocsllular tumors have also baen
reported in radents after exposure to DDT, Disldrin, Mirex, and Keponse, thess
compounds do not producs adenofibrosis liver pstiaology. Kimbrough speculated
that it is possible the PClas cause adenofibrosis through lipid peroxidacien,

wvhile Mirex, Kepons, DDT, and Dieldrin do net,

8.8, Foci or Areas of Calluisr Alterstion. The choice of the term "foci” versus
"ares" has traditiomally depended upen the judgement of the pathologist The
term "foel” is used for amall lesions less than 1 liver lobule in eize. The :ecw
':ltu" was recommended by NCI for designating lesiocs approximatsly as lasge as
of largar than & lobule. The primary alterstions invelve the tinetocial quali-
ties and taxtursl appeariance of the cytoplasm of hepatocytes, and the recom-
sended terms are purely descriptive. There is no obvious disruption of the
liver architecture, and the plates of affected cells merge vithout demarcation

wvith surrounding liver tissue. 4&ffected liver cells may be larger or smaller
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than normal hepatocytss, and some nuclet uay be enlarged, vesicular, or hyperch-
rosatic and have largs nuclecli Tha cells ta ground glass or eosinephilic faca
are ususily splarged dus €0 AD increase in cytoplasm. The cells in baseph:l::
foci have a4 diffuse cyvoplasmic basophilia and zay bs larger or samaller than

tormal liver cells. Cledr cells are usually normal in size or somewhat large:.

The zature of these lesiocas 1s controversial. Some fesl that ths basophilic
"foci” or "ersas” hsve greater significance W{th respect to tumor developmeat
than de the other cellular aiterations. MHost agras that "foci” or "areas” sre
cytologically simi{lar to the csllular ol.cunn ¢f necplastic nedulss and scme
feal that "foci” or "aress” may possidly De part of the spectrus capable of pro-
gressing to the formscion of nodules. Thesme lesions must be considersd to be

functionally squivalant to clones.

8.7. Neoplastic Nodulms. This temm was suggested by NCI to replace "hyperplas-
ti¢ nodules.” The ters describes spherical .esions that usually occupy an area
squivalent in size to that of several liver lobules in which the normal liver
architecture i{s absent within the nodules. HepatocyZes wvithin the nodules are
similar to those in foci or atses and may show mixtures of the cytoplasmic sl-
terations. Mitoses and varying degrees of nuclear atypis including enlargement,
hyparchromasia, doubling in number, and enlarged nuclesli are sometimes
pressnt. The cells may be arvanged in 3olid or juabled shests or in irregular
plates, one or more cells thick. Sinusoids say be compressed by ealarged hepe-
tocytes or show varying degress of dilation or sctasis. FPortal ereas are usual-
ly not present, although in rare cases they may bs localized inside the nodulas.
An imporvant featurs Ls the architactural distortion and sharp desarcation of
the nodule from the surroundiag liver 4around at lesst 4 portion of Lits
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periphery. The piates of nodules’ cells &re usually not cont:auous with those
of unaffected liver; rsther they impinge perpendicularly or obliquely upon :he
tangentislly srranged zormal plates. The latter are often narrousd dus to com-

prsssion by ths sxpanding noduls.

The NCI decisions to recommend the tera neoplastic acdule was based upos the NCI
conclusion, aot universally shared, that the sxperimestal amd biological evi-
dence available justified it. The NCI evidencs is interpreted &s suggest:.ng
that such nodules are proliferetive lesions, and few would argue this pount,
however, NCI goss one step farther and states that nodules are koown to Se ia-
duced by carcisogens and, at the least, nodules indicate an iscressed probebili-
ty for the dsvelopment of hepatocellular carcinoma. Most vorkers would sgree
that chronic injury will result in preliferative lesions but mest vorkers would
also agree that, at least initislly, these lesions have the capacity to regress
upon resoval of the agent causing injury. Chloriasted compounds present uaique
problems becauss their persistancs complicates experisents studying remova! of
the agent. It should be pointed ouc, howsver, that these lesions ere typics. of
other cospounds such as phenobarbital. The difference is that phencburbical is
rapidly excreted. The induction of proliferetive lesions due to chroaic celu-
lar injury is pert of a predictable biclogical respoase and should aot be con-
fused with similar lesions that are asssociated vwith the irreversible process of

carcinogenssis.

Neoplastic modules ere considered by NCI sad others to represent part of the
spectrua of response elicited by hepatocarcinogens in rodents. However, this
view {3 not shgared by 4ll scientists in the field, Persons subseribing to this

thesis suggest that aress of alteration will develep, that some of thesse will
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becoms nodules &nd chat some of cthe nodules will in time transforz into hepato-
cellular carcincass. A number of carcinogens hsve producsd this spectrum of re-
sponse. It iz cauctioned cthst thare need be no difference {n the observad
responss spectrua even when the chemical producing the nodule 1s an unambiguous

gonotoxic zarcinogen or one of the polybalogenated cyclic h'yd:ourbou.

8.8. Hepstocsllylar Carcinoms. The dispnosis of hepatocsllular csrcinces by NCI
is based upon charactaristic hisctological and cytological feetures whose corze-
lation with cancer NCI claims is well documented in the pathology litersturas.
This definition eiiminated the necessity of observing saveral classic endpoints

ingluding invasion, matastasis and lethality.

Hepatocellular carcinomas, by NCI definition, 4re usually considerably larger
and sore irregular than naoplastic nodules, and they say invelve major portions
of liver lobes At the pariphery, they compress or sxtand into the surrsunding
paranchyma. Tisbecular carcinomss may be classified as wsll to poerly differen-
tiated, depending upon their resemblance to normal liver. Tumor cells are in
broed sheats o~ in plates ons to saveral cells in thickness. The latter are ha-
phazardly asranged in lineer, papillary or pssudoacinar petterns. Tumor calls
84y also be individualized or in isoleted nests and cords enveloped by lining
cells. 4 histological veriant of hepatoceallular carcinoma is the carcinoma vith

4 predoninantly glandular, papillery pattern, reseabling sdenocsrcinoms.

‘ According te NCI, much vsrisbility in lesion srchitecturs {s parmissible. For
exasple, the tumor cells msy resesble normal hepatocytss, or thay may be an-
larged or ansplastic in lees well differentiated tumeors. The cycoplasm aay be

clear, sosinophilic or hyperbseophilic, and nuclei ere frequeatly enlsrged and
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hyparchromatic. Multiple suelei and mitotic figures may be present. This ex~
ceseive inclusiveness and lack of strict msinimsal cricaria were necessary if
lesions produced by polyhalogenated cyelic hydrocarbons were to be consige

tently diagoosed as carcinoms.

It was coacluded by NCI chat benign hepatic cell tumors, i.e., without potential
for walignant behavior, could not be consistently diagnosed. Therefore, terms
such as "adenoms” were 0ot recommended. It was alao agreed that the term "hepa-
tosa” vas imprecise in its usage and was 10t recommended for any of the lesions

under discusaion at the workshop.

The recommandations developed by NCI allow for the iaclusiom eof preliferative
lesions that are clearly capable of regressing vhan the atimilus is ramoved.
Detection of vascular invasion or metastases in coatrast to tradition was not
considered by NCI to be esaantisl for the diagnosis of hepatocellular carcinoms.
The utilization of inclusive cytological criteris to define what 3ight have the
poteatial to “ecome the diseass procass vwe call cancer was eccomplished at the

expanse of including many reapenses which will never prograss, invade, metasta-

size or kill.

8.9. What Level of Confidencs Can be Plsced on Liver Tumors? Over the past
saveral yeuars, 54 or 23% of the 230 chemicals tested by the Natioazs] Canger In-
atitute (NCI) bave bessn found to induce hepatocellular neoplasas in rats snd/or
sice. What predictive power do these results hold for eetimating risk co the
buman diseasse CANCEIR?

If we axe to make rational decisions, we must appreciate the comparative patho-
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genesis of rodent liver neoplasia. The hepatocellular neoplaems of eice have
variously besa referred to &e liver tumers, byperplascic nodules, type A or 3
sodules, apd hepatocellular adenomas end carcinocmas (Ward and Vliahakis 1978,
Frich apd Ward 1979, Butler and Newberne 1975). The biological behavior of

these nodules has besn and continues to be & subject of heatad dedate,

It has besn demonstrated, at least in some systems, that some of the poerly d.f-
ferantiated ssall nodules can grow progressively to larger nodules that are
transplantable and metastasize to other tissues (Ward and Vighakis 1978, Wil-
liams ot 2l. 1979). The sesll] and/or bettsr differsntiated nodules (sometimes
called bhyperplastic nodules, adencmas, or typs 4 nodulee) azxe ususlly not
transplantable and do not metastasize (Butler and Newberne 1973). The sorpheolo-
gy and biologic bebavior of thase nodules are similar to those of adenoxas in
other surine tissues (Ward and Viahakis 1978). However, foci of trsbecular caz-
cinoma often appear in thess adenomas (Frith and Ward 1979, Werd and Viabakis
1978).

The larger and/or less differantiated nodules (tsrmed hepatocellular carcinomas
or type B nodules) usually sppear morphologically different fzoms small nodules
(Frith and Ward 1979). A few carcinogens induce hepatocellular neoplasas that
appear the same from the time they sre seall tumors (early stages) until they
bo_uu aetastatic tusors (Butler and Newberne 1975, Ward st sl. 1379). Some le-
sions have been classified by certain sucthors as hyperplastic nrodules vithout
avidence that they vare 2ot neoplastic or did not Tepresent the early stages of

carcinoms.
There are reports (Ito ot si. 1976, Periano et ai. 1973) that {ndicate that he-
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patecollula: nodules it Douse liver may Cegress .f exposurs tO the alleged car-
cinogen is discontinued &t & specifiad time. Studies with other carcinogens de-
msonstrste this does not always occur (Frith and Ward 1979, Butler and Newberns

1975).

An extreae viev suggests that all hepatocellular aeoplasas origingte as carcino-
mas (Stewart 1975); therefors, chemicals inducing thess Tumors ace carcinogens,
evan if the carcinomas do not ilavade or mstastasize. A mors soderats viev is
that soms, but oot 4ll, liver tumors eofnod sdenomas, hyperplsstic aodules or
type A nodules may cepresent an early stage of carcinoms formation (Ward and
Viahakis 1978). Whan evaluating the following oncogenicity studies, the raader
is cautioned that the asaning givea certain tarminclogy is that of che original

suthor's and 2o attaspt has bean made to provide translations.

8.1?. PCB Oncogenicity and Reiated Studlies. The polychorinated biphenyls
(PCBs) preseat distinct problems when atteuwpts are sade to estimate & potencial
cancer Tisk to san. The crux of the dilemmu is the need to develop & relevant
incerpretation of cancer risk from reports of an excess incidencs of rodent liv-
er tumors of uaknown etioclogy. The effects coversd in the folloewing expinded
discussion of liver toxicity ssphasize lesions preduced by PCle in the liver of

rodents.

8.10.1. Geners] Hepatotoxic Effects. Polychlorinated biphenyls io-
duce aicrososal sixed-function oxidases and cause hepatomegaly in ro-
dants and other semmals. Hepatomegaly has bees interpreted DY
Kimbrough to be the result of the hypertrophy of individusl bepato-

cytes. Hyperplasia also commonly occurs and increased witotic activ-
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icy can occasionally be noted. Hepatocytes enlarze and may accumulate
lipid in cheir cytoplasm. it the ultrastructural level, enlarged he-
patocytea show an increase in smooth endoplasmic reticulus snd inclu-
siona withizn the cytoplase, which appear like concentric vheorls,
surrounding lipid vacucles, MNorphologic changes i.n the aitochondria
have also been described (Kimbrough et al. 1872). [an sddition to
these alterations, PCls induce experimental hepatic porphyris (Gold-
stein et sl. 1974). In che rat, experimental hepatic porphyria only
occurs in the Sherwsn strain femele. This obsarvation indicates a
unique seansitivity for the Shermaao fesale rat. On eicroscopic /uu-
ination, an increase in ascrophages and prominent Kupffer cells con-
taining brown ceroid pigment and necrobiosis of liver cells is
proainsnt. Lipid accumulates in the cytoplassa of bhepatocytss, Te-

sulting at times in hepatocytes with foamy cyzoplase.

dcute asm wvell as chronic toxicity of PCBs has been etudied in rats,
monkeys, mice and cows (DHEW 1976, Kimbrough, et ai. 1872, Allen, at
al. 1976) and the organ coansistently affected was the liver. For ex-
saple, vhen mala Spragus-Dawley rets wvers fed a4 diet containing eix-
tures of PCB isowmsrs (Aroclor 1248, 1254 and 1262) at & concentration
of 100 ppm in the diet for 52 weeks, thare vas an izcreass in their se-
rum lipids and cholesterol and a ctransieat increass in triglycerides
accompanisd by distinct sorphological changes in the liver (Allen et
al. 1978). Generslized liver hypert-ophy and focal areas of hepate-
cellular degensrzation were f0llowed by & vide specirTum of repair proe-

e3ses. The tissue levels of PCH were greater in the animal receiving
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the high chlozine sixctures and high levels persisted after the PC)

treatsent had been discontinued.

8.10.2. Neocplastic Effects. Nishizumi, (1970) studied the effects on
souse and monkey liver of long-term oral ad-inu:éat-ien of palychlo-
robiphanyls (PCE), 1.3 mg/day or mere, at salected intervals by light
and electron sicroscopy. Hepatocytea of treated @ice contained large
amounts of acldophilic msterials in the cytoplase, and fatty vecuolas
vere obsarved later, Structural changes in the hepatocytes consisted
of a sacked incresse of smooth endoplssaic reticulum, e reductiom of
rough endoplasmic reticulum, "wyelin figure" formatioa in the cyto-
plass, and an incrsaas of sicrobedies and lysosomes. 4 sarked ia-
creass in lipid droplets wvas observed later. Results of electron
sicroscopy evalustion of scnkey liver showed an increase of smooth an-
doplassic reticulum in the hepatocytea and swelling in the Kupffer
cells, with an increased nuaber of lysosomes and vacucles. Judging
from the findings by electrom microscopy, characteristic lesions of
. liver cells wers produyced by PCB sdainistration. Kimura and Baba,
(1973) observed similar changes in the liver of rats. Grossly, all
the rats Lngesting sore than 700 mg of PCB showed hypertrophy of the
liver. Pinhesad- to pear-sized (sic.) round and pale brown flecks or
nodules vere scattersd on the surface and on the cut-surfece of the
l1iver of all cthe female zats in the sxperimental group ingesting sore
than 1,200 ag of Kanschlor-400. None of the sale rsta showed such vi-
8ible nodular changes in the liver {n spite of having ingested a cozr-
responding or even higher amount of PCBD than fesales. Again s female

zat selective sensitivity is observed.
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Microscopically, changes in the liver of experizental rats showed
fatty dsgeneration and zultiple adenomatous nodules. Ths former was
eesn, izrespective of sex, ia all the anipals of the axperimental
gzoup, hut oaly in 2 females in the control group. The latter, vhich
appearsd to be & benign neoplastic lesion, vas seen im all the female
rsts ingesting wore than 1,200 mg 0of Kanechblor-400 as predicted by the
gross examination. In sharp contrast, however, the liver specimens of
the sale rats revealed no such nodular changes, even in the animals
vho had ingssted & comperebls or higher amount of Xanechlor+400 than

females.

Lung sbscesses, poneumonis, spleen atrophy, and intracrenial abscesses
vere found frequently in the experimeatal group, and this auggested
that the resistance of the rats treated vith Kanechlor-400 to in-
fection vas lovered. Depilation also appeared f{requently {8 the ex-
perimental group, especially in the fsmales when the PCH intake
amouBited ~o about 600 mg. PCBs induced benign sdenomatous nodules

exclusivaly in female rats.

Nagazaki ot al., (1972) srtudied the hepatocarcinogenic effects of po-
iychlorinated biphanyls in dd eice. Strain dd mice with an average
waight of 19.0g wvers ussd. 4 total of 114 mice were divided into the
following 10 groups and the animals were fed oa & basal diet (Oriental
NMF) supplemented with various kinds of polychlozinsted biphenyls,
Kanecrol-500, Kaneczol-400, and Kanecrol-300, which are classitfied by
the suaber of chlorines, purchased from Kanegafuchi Chem. Co., Oseks.

The groups weze ss follows: Group 1, 500 ppm Kanecrol-300; Group 2,
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250 ppu m;.:::x-;oo; Group 3, 100 ppa Ranecrol-500; Group 4, 500 ppa
Kanecrol-400; Group 5, 250 ppe Kanecrol-400; Group 6, 100 ppm
Ranecrol-400; Group 7, 500 ppm Kasecrol-300; Group 8, 25¢ ppa
Xanecrol-304; GCooup 9, 100 ppm Kanecrol-300; Group 19, basal diet
slome. Each group contained & to 12 mice. The animsls were given wa-
ter and the experimental diet fresly. After 12 weeks, mice vere sac-

tificed wich sther snd sxanined histologically.

Grosaly, 7 of the 12 mice (58.3%) ia Group 1 had many tumors in the
liver. The liver increased in weight, and had & rough surface with
wultiple tumora up to 0,2 t0o 1.0 cw {a diamster. [n other groups, ex-
cept in Groups 1 to J, oo remarkable changes wers observed in the liv-
or of mice. Yicroscopically, hepatomss were observed in the liver of
aice in Group L. Some area of ncdules showed an sdencmataous pattern.
Many necrotic foci were zesn in Group | animsls. Nucleer irregulari-
ties and mitotic figures were froq\’:oncly Sesn in noutumorous areas of

the liver ia Group 1. However, micrcecopical changes ia the liver

vere 1ot observed in Groups &4 to 9.

Tha hepatomes induced In mice by the Kanecroi-%00 of polychlorinsted
biphanyls sppeared similer to those induced by the a-isomer of ben-
zens hexachloride. Kanecrei=400 snd Kanecrel-300 had ne cartinogen-

ic astivity In the liver of mice,

Rimbrough, ot al. (1972) fed asle and female Shervan strain rata poly-
chlorinated biphenyls dzoclor 1260 and Aroclor 1254 at 0, 20, 100, 500

and 1,000 ppm in their dist. Rats received the dietary levels for
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eight meaths. Light microscepie changes consisted of hypartrophy of
the liver cells, ioclusions in the cytoplasm, brown pigment in Kupffer
cells, lipid sccumulation, and, at the higher dietary levels, adenc-
fibresis. Ultrastructural changes in the livers of exposed animals
congisted of an increase in secoth endoplessic r-nueulu and atypical
sitochondria. Lipid vacuoles were occassionslly surrounded by con-

ceantric mseabranes.

The spithelial component of adenofibronis consisted of goblet cells and
cella thst resembled the epithelium thst lines the bile ducts. In gen-
eral, the offect of Aroclor 1254 on the liver was more pronounced than

that of Aroclor 12680,

Allen and dbrahamson (1973) fed rats diets containing 0.1% of three
polychlorinsted biphenyls {PCBs) (Aroclor 1243, Aroclor 1254, Aroclor
1262) for six weeks; these rats showed & progressive anlargement of
the liver. This liver hypertrophy is attributed to proliferstion of
the smooth endoplasmic reticulus, development of large sembranous
conceatric arrays, and increase in lipid droplets withim the cyto-
plasa of the affected liver cells. Liver homogensces had increased
levels of protein and RNA and reduced concentrations of DNA, while the
®icrosomal frection had increased levels of protein and phosholipids,
and reduced levels of cholesterocl. 4lso, tbere vere modificacions in
the sctivity of certain hepatic aicroscetl enzymes., B8y the sixth
week, the animsals progressed from & stimilatory eifect oo the liver by
PCBs to & atage vhere regressive hepatic changes were occurring, such

a3 8 decreased activity of sicrosomsl snryues, dissolution of comcane
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tric membzane &rrays, vesiculition ef the endoplasmic reticulum, and
sccusulstion of lipid droplets within the cytoplasa of the affected

calls.

Ito ot al. (1973) studied the effects of technical grade poiyechlori-
aated biphenyls (PCBs) on mouse liver histologically and ultsastruce
turally. Pathologic stuydies were also made on the effects of PCHs on
tuporigenesis induced by benzene haxachloride (BHC) in mouse liver.
Meoplastic changes wvere observed in livers of aice fed & basal diet
containing 500 ppm of the PCH, Kenechlor 500, for 3I veeks. Asyloid
degensration in the liver of aice was observed in groups fed a diet
conteining lower concentrations of PCBs. Histologically and ultra~
astructurally, the neoplaatic areas of mouse liver induced by PCls ap-
peared to be typical of nodular hyperplasias and welledifferentiated
hepatocellular carcincans induced by BHC. The effects of PCBs oz ngo-
plastic changes induced by isomers of BHC in the liver of mice fed a
diet containing BHC with or without PCYs was determined. OCgly those
receiving 100 or 50 ppa of the e-isomer developed nodular hyperplasia
and hepatocellular carcinoma. KHowever, among the groups fad 3MC plus
PCBs, enly thoae receiving 100 or 50 ppm of «-3MC or 250 or 100 ppm of
B-BHC developed anodular hyperplasia and hepatocellular carcisoms.
Groups fed T-BAC with or without PCBs did not show neoplastic changes
of the liver. PCBs thamasivas incressed hepatic neoplasms in mica
and aiso sdded to the incresse in tumors induced by a-BHC and

B-8HC.

Burss, ot sl. (1974) fed rsts 100 ppm of Aroclor 1242 (6.6 to 3.39
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sg/kg/day) or 100 ppm Aroclor 1016 (6.9 to 1.5 eg/kg/day). Plassa,
kidneys, urine, brain, liver, and adipose tissue vere analyzed fof pe:
lychlorinatsd biphenyl (PCB) residues at 0.5, 1, 2, &, 6, 8, and 10
wonths of exposure. I[n sdditionsl groups fed the experimeatal diet
for 6 months, PC) tissue levels were determined 1, &, 5, and § @ontls
atter the exposure to PCBs was discontinued. PCBs were bigheat ta
adipose tissus where & steady state was epproached Ln 2 and resched za

4 months. Little PCI-derived satsrial was excretad in urine.

After discentinuing PCD) exposurs, Arocler 1016 was eliminated @dre
rapidly from the o:gl:; than Areclor 1242. Measursble residus lavils
ware 3till preseat after 3 (Aroclor 1016) and & (Areclor 1242) months
of recovery. Microscopic examinstion of the iiver showed enlgrghd
liver cells with vacuoiated cytopissm snd inciusions. Kimbrough iid
Linder (1974) fed twe groups of 30 BALB/cJ inbred ssle mice 300 ppm of
s polychlorinsted biphenyl, Areclor 1254, in the diet for 11 &ad §
sontha, respectivsly. The 6 senths’' feeding was follewed by S monthi’
recovery. Two additional groups of 50 sice each were fed plais Ehée.
All 22 surviving sice fed Aroclor 1254 for 11 momths had grsatly da:
larged livers repraseating 15% of their body weight, whereas thoié #4d
the axperimental diet for & months only had slightly, but signilicint:
ly, enlarged livers. Aidenofibrosis was observed in all 27 livers o1
mice fed Aroclor 1254 for 11 eonths but mot in the other groups. OF
the 22 mice fed 300 ppm Aroclor 1154 for 11 menths, 10 had hapitomas
meesuring 0.1-1.5 cm in diameter. One of 24 surviving mice fed AFdE-
lor 1284 for only € montha, foliowed by s control diet for 8 méhAtRi,

had s hepatema 0.3 em in dismeter. No controis had hapatomss.
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Ito, et al., (1574) ohserved liver weight 1ncreases in groups on diecs
supplesented with Kanschlor-500, -:00, or -300, the increass beiung
greatest in the group ther received 1,000 ppm of Kanechlor-300. In
aeveral groups, irrsgular-shaped yvellowish podules of up te 1.0 ca 1a
diameter ware sesa oa the liver, but ge cirrhotic ;:hngoa ware de-

tected.

No hepatoceliuiar carcinoma was seen in any of the rats, but aress of
chelangiofibrosis were found in the liver of rats given 1,000 pﬁm of
Kanechlor-5X), -400, or -300. Nodular hyperplasia was found in 38 =
12.0% of the animals given Kanechlor=-500, 30 = 12.5% in those treated
with Kanechlor-400, and & ~- 4.5% of . thoses which received
Kanechlor-)0G. The incidence of noduler hyperplasis of the liver vas
bighes: in the groups given Kanechlor-3500 and lowest in these given
Kanechlor-300. Oval cell preliferation and bile duct proliferatien
were seen in all- groups of animals treated with Kanechlor. Hyper-
trophic changes of liver parenchyssl cells in ceantrilebular ereas
vere clear (n groupa that received 1,000 pps of Kanechlor-500 or -400.
Amyloid degeneratica of the liver was seen oaly in the group given 100
Ppu of Xapechlor-400. No remarkable changes were seen (n other organs

of sither axperimsntal or control zata.

Makiurs, et al., (1974) Studied the effects of polychlorinated biphe-
ayla (PCBa) on liver carcinogenesis in rats treated with che hepatic
carcinogens 3'methyl-4-dimethylaminoazobenzenes (3'-te-DAD), N=-2-
fluoreaylacetamide (2-FAA), and/or diethylaitrosamine (DEN). Aininals

wvere examined histopathologically after they had received the exp-
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arimsnctsl diet for 10 weeks and than the steck diet for & weeks. Liv-
ar tusors developed in 635.2, 33.8, and 92.2% of rats in groups traated
with 0.03% 3'Me-DAB, 0.013% 2-FAA, and 0.0025% DEN, respectively.
Rata that received 0.03% PCH onmly did not davelop liver tumers, apd
those treated with PCH and the cercisogeas déveioped only & feu
tupors. Multiple liver vumors developed aftar treatmeat with 0.03%
3-Me-DaB plus 0.0025% DEN (92.3% f{ncideace) and 0.015% 2-FAA plus
0.0025% DEN (81.8%); after treatseat with thess combinstions plus
PCH, the incidence of liver tumors was very low or zero. Histelogic
examination showed that PCB inhibited development of nodular hyper-
plasias, ovai cell infiltration, and bile duct proliferation as well as
hepatocallular carcinoma Induced in the liver by the chemical carcino-

gens.

Ito ot al. (1974) fnduced modular hyperplasias but notr bepetocellulaer
carcinosss 1in ravs with PCBa. Some of she findings confirmed those of
Lipurs anéd Baba (1373). These studiaa shouwed that all kinds of Xanech-
lor are rtumorigenic in the rat liver. Markad cholangiofibrosis (ade-

pofidbrosis) vas seen {2 the rat liver.

Kimbrough #t al., (1975) vctilized Sherman strain female rats (200) fed
100 pps o0f & polychlorinated hiphenyl (Aroclor 126Q) for sppreximsta-
ly 21 sonths, and kept 200 female rats as centrols. The rats ware
kilied whan 23 monchs old. Twemty-six of 184 experimental anisala and
one of 17Y controls had lesions interpreted by hiscologic critaria as
hepatocellular carcinomas. None of the controls but 146 of 184 exper-

imental rats bad neoplastic nodules in their livers. Aress of hepato-
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callular alterstion wars noted 1z 28 of 173 controls and 182 of 184
experisental animels. Thus the polychlorinsted biphenyl Aroclor
1260, when fed in the diet, was interpreted as hsving s hepatocarci-
nogenic effect in these femsie rsts. [t s worthy of nota thet hepato-
celiular carinoms wss bssed on the controversial NCI definition. The
foncidence of tumors in other organs did not differ sppreciably between
the experisental and control groups. Hepstocellular sitarstions ware

observed in s high percentsge of the control animals.

Nat. Cancer [nst., DHEW Publication No. (NIN) 75-838 (1978) reported
the bicassay of Aroclor 1254 for possible carcinogenicity. The biocas-
say vas conducted by adainistering the teat chemical in feed to Fisch-~
or Jébh rats. Groups of 24 rats of each sax vere adainistered droclor
1254 at one of three doses, either 25, 50, or 100 ppm, for 104105
- weeks. Matched contzols comsisted of groups of 24 untreated rets of
each sex. 4All surviving rats were killed at 104-105 veeks. Mean body
veights of msles and females receiving mid and high doses and females
receiving low doses of the chemicsl wves-s consistantly delow those of
tha corresponding comtrols, beginning &t sbout weak 10 of ths study
The decrease in survival ameng msales, but pot among femsles, shovad s
significant dose+rrelated trend. Adequate numbers of animsls of both
ssxes survived for mesningful statistical analyses of the {ncidances

of tumers.

The cosbined incidences of lywphomas and lsukesmias showed s signif-
icant dose-related tzend in aslas (controls 3/24, low-dose 2/24,

sid-dose 5/24, high-dose 9/24, P = 0.009). However, the direct com-
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psrisons of esch dosed group with those of the astched contrals were
oot ststiatically significant, and the tugors cannot clearly se re-

lated to adminisctretion of Aroclor 1234,

Hepavocellulsr adenomas and carcinomas ware found (n the dosed
groups, hut not is the comtrols (males: wsid-dose 1/24, bigh-dose
3/26; femeles: mid-dose 1/24, high-doss 2/24). Additionally, s hagh
incidencs of nonnecplastic hyperplsstic nodules was noted in the
dosed animals (eslss: controls 0/24, lewedose $/26, wmid~dose 8/24,
high-dose 12/24; femsles: controls 0/23, low-doss 6/24, mid-dosa
$/22, high-dose 17/28). Although the incidances of tumors were not
significant, the occurrence of the hyperplsstic nodules sppesred tc be

relsted to administration of the chamicsi.

In the stomach, jejuntum, or cecus, sdenocsrcinomas were observed in
two dosed msles and in two dosed females as vell as & carcincas in ooe
dosed male. None of these lesicns was found in control animsls in
this study. Historical incidencas of these tumors at this lsborstery
(6/600 males [1%], 2/600 femslas [(0.3%] suggest that the lesions, al-
though ot stetistically significant. ssy be related to the adminis-
traction of Aroclor 1254. It was concluded thst undsr the conditions
of this biossssy, Areclor 1254 was not carcinogenic in Fischer 344

rats.

.11, Tumor initistion Modification. The effects of PCBs on carcinoganicity of
vazious chemicsls hsve been investigated by numsrous groupa. Kanechlor-500 in

combingtion with I3 methylei-dimethylaminoazobenzens, N-2+fluorenylacetamide
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and diethylnictrosamine in the di1ets of rats markedly decreased the formgtion of
hepatocarcinomas {Mekiurs, et al. 1974). Kimure et 3. demonstrated zhat pre-

treatment with Xanechlor+aQQ in diets of rsts & wonths prior to &nd 2 months
during trestment with 3'mschyl-L-dimethylasinosrobsnzens protectad the rats
sgeinst the formation of hepstocarcinomsas induced by :h:i: -ureuwpn. PCAs wers
shown to add to the sffects of BHC by Ito et al. (1973). These findings suggesc

thet in terms of effects on tumorigenesis, timing is important in the appi:ca-
ticn of PCH to the dists of laboretory animals. Trestament with the PCDs prior o
the sdainistration of & carcinogen can result in reducticn of the tumer
Tespcnse. vheress trfestment concurrent with & oncogen caa result in enhanceoent
of the tumorigenic response. The inhibitory sffects of the PCEs wezre assumed to
be dus to the induction of hepatic microsomal snzymes, while the snhancesent vas

sscribed to the sdditive hepatotoxic properties of the FMChs.

The twoe-stage system of mouse skin tumorigenesis sllows one to evaluate czit-
ically the initistion and promotion phases of carcinogsnesis isdividually. This
system allows one to study the effects of medifiers on initistion and promotion
separately 1n & skin carcinogenesis sssay. The results of Berry ot sl., {1979)
demonstrate that PCBs possess the capscity to decresse tumor initiation n a
mouss skin assay and that st the doses utilized, PCBs had noe nitiating or pre-
moting properties. Berry, ot sl. (1979) tested PCIs for promoting activity in
#ouse skin vith s high {200 nmol) initiating dose of DMBA. Ip & 30-week Creat-
sant pariod. the normel DMBA-iniciaced, TPA-prowotsd controls yielded approxi-
mately & papillomas per mouse., PCBs (at doses 'o! 100 ug/wouse givan twice
veekly) did not prosote the development of skin tumors. When tested without
DMIA initiation, PCBs did not demonstrate any csrcinogenic sctivicy. PCRa did

not produce any observadble skin lesions. The anticarcinogenic effects of droc-
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lor 1234 sppear to corTslate well with their ability to induce moncoxygenase an-
zymes of the skin. These experisents suggast that pretreatment gives risze T an
increased rate of i{pactivation of the DMBA wolecule relstive to the rate of sc-
tivetion jin moyse skin. Although these dats point to induction of oxidaet:ive
bictransformation as s possible mechanism for the inhibitery effects exiibited,
other mechanisas could be opereting. Possibilities include induction in epider-
@aal tissues of nponoxidative setabolic pathways such as spexade hydracass,
glutsthiope-S-transferase, L(DP-glucuronosyitransferase and others. Qther
pussibilities include effetts on DNA-repair systems and on the discribution of

the carcinogen to the criticsl targes site(s).

8.12. immunosupprassiva Effects on Tumor Caells. PCBs have slso been reported
t0 act 4s jmmunosuppressive agents {(Vos and Jesms 1971, Voe and De Rei} 1372,
Koller and Thigpen 1373). Since 8 suppresssd immunoliogic stete in the host can
snhance the generation and growth of tumora (Burnet 1970, Gatti and Good 1971,
Pann and Starzl 1972, Heberman 1974), Rerkvleic sad Kimeldorf (1577) conducted &
study to determine the effects of host exposure to PCls on tumoz growvth per 1a,

utilizing & tIansplsatable tusor in rats.

drecler 1354, dissolved in corn oil, vas incorperited iato specially prepared
povdered diets at levels of 1, 100, 400 or 800 ppm and fed %O groups of asle and
femgle Sprague Davley rats, eight of each sex per group. Subsequently thres ad-

dit{onal groups of 20 male raty were placed on diets coataining ¢, 5 or 25 ppe

" . Fellowing 30 days of c;rpooun to the contaminated diets, the animals vere

inoculated with the Walker 156 carcinosarcoms. The tumors wers allowsd to grow

for ains days, during which time the animals remained on their respective diets.
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The sean tumor weights of all PCE-fed groups were significantly smaller than “he
mean tumor weight of their sex-metched control after the nine-day tumor Zrevwch
period. In both male and fezale rats, the sagnituda of tumor weight inhibizi1an
directly correlated with the concentzation ol PCE {n che diet. Although female
rats consistently shoved ssaller cuaors than their male counterparts, the degres
of tusor weight inhibition observed 4t esch dose level was compareble in both

saxaes.

The resulta of this study desonstrate that PCB (Aroclor 1254) axposvrs can in-
hibit the growth of st lesst one experimental tumor, the Walker 256 carcinosar-

coma in rats. The tumer inhibitory response of PCB wss dose-rslated,

8.13. Are Chiorinstad Hydrocsrbons Different? Recent reviews of specific
clssses of chemicsl carcinogens indicate that corrslation with sutagenesis de-
pends, in part, on the chemical class (4cCann ot al. 1975, Andrevs ot sl. 19784 &
b, Usno et al. 1978). It hss besn stated that csrtain compounds, especially
persistant chlorinatsd compounds incliuding I'CBs, increase the lncidence of only
liver tumors in mice and that these tumsors may not be malignant (Butler and
Jones 1978). Haloganated chamicals are the mscst numercus class of chesicals te
indyce rat or souse liver tumers slone and oSt &re known not to be Wutagenic.
Noosutegenic chemicals csusing rodent liver tusors must act by epigenetic esch-

gnis .

The following facts emarge from the NCI biocassay program for polycyclic halogen-

ated compousds:

1. 29 coapcunds studied by NCI representing 7 classes but excluding the cyclic
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polychlorinatad saries, produced Ttumors i1n mouss liver ss wall g3 tumors at
other sites;

2. 26 of theee 29 compounds vere positive in the Ames Systaea;

J. Ten of Ll chlorinsted polyeyelic compounds tested by NCI produced only
livar tumore in nice; -

4. Tour of the 10 chlorinated polycyclic comppounds that produced livar tumors
did 0 in only one sex;

$. MNooe of tha NCI tested chlorinated polycyclic compounds producing enly u=
wors io wmice produced tumors &t eites other thanm the liver; and

6. One of the 8 tested coapounds was positive in the Anes systas.

When cyclic polychlorinazed chesicals are excluded, 83% of the compounds produc-
ing tumors 1o souse liver and at other sites are positive in the imes systea.
Cyclic polyshlorinated compounds producing siiher mouse and rat liver tumors in

the NCI biosssay are positive in the Ames Systes only 12% of the time.

A review of the carcinsogenic, mutagenic, and hepatotoxic litaratuze reveals tbast
PChs mest esny of the criteria for producing benign neoplastic lesion and there-
fore esay be ouncogenic. Cyclic polychlorinsted cospounds, however, produce tye
mors and Ames systes responses diffarent from most othar carcinogenic compounds.
PCBs ars pot positive in the Ames’ systesm sod do oot produce tusors st sites oth-
ar than the rodent liver. PCBs are unlikely o produce necplastic effects
tl;.rcmgh genotoxic wechanisms. Several carcinoganesis bioatsays have been con-
" ducted snd, with the exception of Kimbrough et al. (1978), ail authors con-

cluded that PCBs may be oncogenic but net carcinegenic.
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8.4,

Carcinogenicity Summary. The experisments conducted with PCBs reveal

chat:

10.

PC3s cannot be initiators becauss PCPBs are not luu;_u_ic;

PCBs ars not promoters ¢f gepotoxic initiators of liver tumors and, 1n fac:,
inhibit 3'-Me-DAB, 2-AdF and DENA;

PCBs are not prometers of DMBA in wouse skin and. in fact, inhibit the caz-
cinogenic process;

PCBs act additively with the hepatotoxis BHC in i{ncreasing liver tumors;
PCBs do not enhance the carcinogenic process threugh ispairseat of the 13-
wune eystam 4s demonstrated by inhibition of Walker 256 carcinosarcoma
cella;

Liver lesions produced by PCIs appear te have the capscity to fegress;

PCBs only produce nsoplastic lesions of the liver. No tumors have bees pro-
duced atv any other sits;

Extraordinary levals of PCls wmust be accumulated before neoplastic changes
in the liver are ocbserved;

Only one of many studies, that of Kimbrough et al. (1975), has reported PC3
induced carcinoma. None cof tha tumors inveded ar mstastssized and the PCB
used, Aroclor® 1260, was of uaknown puricy; aad

When only liver tumors are produced by polycyclic chlorinatved compounds, the

relavance snd correlation te human caacer tisk is small.

Table 8 susmarizas the carcinogsnicicy cesting of PCYs.

8.15. Conclusion. The question is, does an axperimsat utilizing proloaged expo-

sutes 4T bigh levels to PCBs, which reportedly increases the incidence of liver
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cancer in ¢ single sex of & single strain, document & hazard of incressed huzan
cancer 4t snvironpental exposures. The conclusion of this raview is that 7C3s
have not besn degonstrated to be carcinogenic in an animal eodel of sigaificant
relevance to man, and do oot present & cancer hazard et wnvironmentsl levels of

exposurs.

9. EFFECTS OF PCBS IN HUMANS

Possibly the best evidence of what effects PCBs have in humans comes from the
"Yusho" incident that occurred in Jepan. Ia 1968, spproximately 1,291 people 1n
southwest Japan vere a&ffected by an exposure of 1-2 grams of PC2s that was ing-
ested in & rice oil contaminated with & Japanese brand of PCHs known as Kanech-
lor 400 (Kuratsune 1976, Higuchi 1976, IARC 1978). For & breskdowm of rhe

symptoms observed, ses Table 7.

Approximately balf of the patiasnts complained of & variety of neurclogic dis-
tresses such a3 hesdaches, numoness, hypochesis and neuralgis. Most of the
headaches were transiasat, but sowme recurred over a pericd of months to years.
Higuchi (1976) has comecluded that mcst 0f these probably arcee from agotional
stress or migraine condicions and wvere oot related to PCD exposure. Measure-
sents of nerve conduction velocities in Yusho patients revealed, however, that
up to 50% of the 20 pstients studied had lower than norsal sensory Berve con-

dugtion velocities but normal motor asrve coaduction velocities (Higuchi 1976).

Higuchi (1976) originally conaidered the possibility of adrenocortical hypo-
function, byt findings in the patients did not support this hypotbasis and post-

sortas sxaminations did Dot revesl any unusual adrenccortical wsorphology
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Female patisncte., 60%, did suffer abnormal msnstrual cycles but the changes were
mixed; some sufferad prolonged intervals of menstruation while others had short-
ensd or irregular intervals. Deterainations of yrinary estrogens revealed a de-
crease; & possible explanation of this finding is an incressed degradation of

sstrogens becsuse of incressed liver metabolism (Higuchi 1976).

Hematologic examinaticns of Yusho patients revealed a slight leukocytosis and
ponocytosis and serus levels of Igh and IgM were generally decreased. Surpris-
ingly, serus indicators of liver damage such ss GOT, GPT and bilirubin were nor-
sal. Thus, although PCEs can cause liver injury in experizental anizals, as
sany halogenated bydrocarbons do, the clinical evidance at Yusho indicates that
this is not & prominest toxicity ia bumans (Higuechi 1976, Xuratsune 1976).
Nonatheless, microscopically observed changes have besn ssen in liver biopsy
samples, but tke major finding, an increass in the smcoth endoplaseic reticulum,
is interpreted as represantive of the induction of the hepatic snrymes for oxi-
dative mstabo.iise, & finding predicted from animal studies and not am indication
of toxicity. Analysis of other serum parameters also suggested a disruptiocn of
nornal lipid astabolism. Serum triglycerides were elevated while cheolasters!

was aot.

0f 43 affactad children examined, 13 boys shoved decreases in height and weight
‘.l.i-ﬂ cowpared to unaffected childrea, while 1% girls did aot differ from the
.contral group (Higuchi 1976). Also, scme of the infants borm to wossn affected
by Yusho werse small-for-date. These two findings are felt to suggeat that hagh
doses of PCBs may retard growth in children. The other sywptoms in sewborms in-
cluded dark+brown pignentatiocn, parchment like skin, eruption of teeth and larg-

or than usual fontazelles indicating transplacsntal passage of PCBs to the fetus
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during gestation.

Probsbly the most commen syzptoms and Che ones largely respensible for the iden-
tification of Yusho's disease were sye and skin problesms. These comsisted of
acnsfora etuptions, folliculsr sccantuation, swelling of the eyelids with dis-
chsrge from the eyes and incressed pigmencation of the skis. Usfortunatsly,
even though the chlorscne wis 0ot & persanent condition, it was a discomforc~
ing disfigurement that lsstsd for a pericd of months to years. (Xurstsune 13

.—1' 1'72.)

While the above effects described in Yushe pstients provide a picture of the
possible consequencss suffered by oversxposure to PCls, the axact cause of theas
disturbancea is of aowe debats. The type of PC) sixture contamingting the rice
eil, Kanschlor 400, has been discovered to centain poelychloerinsted dibensofu-
rans (PCDFa) at concantrations aa high as 18 pps (Kurataune et af. 1972, Higu-
chi 1876, EPA 1980). Measurssenta of the rice oil used by Yusho patisats
reavealed that the PCle ranged from 1 - 3,000 ppe while the PCOFs vere 5 ppa (Kuy-
ratsune 1976, Nagayama et al. 1976). The 2, 3, 7, 8§, tetrachjorodibenzofuren
iscmer ie an sxtramaly toxic chamical causing liver damage, chloracne, birth de-
fecta and cancer in sxperimental animala (Huff et al. 1980). Therefore, it ia
not known which of the side effecta seen in the Yusho disease can be attribuced
solely to PCls (Voe et al. 1970) and, if cancer is found in tha future to have
b;u eignificantly increased in this group the source of induction will resain a
" queatica. (NGTE: The dibanzofursns found in the PCBs in Yusho incident ars

1,000 times highar thas those usually seasured in PCBs).

Desides the Yusho incidant, there are other recent reporta in the literature
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concarned with the effecta of PCls iz humans. Ouw ot a). (1976) srudied J4 work-
ers from & factory in which PCBs were added to capacitors. Air concentrit:ons
inside ths plant previous to the study contained PCBs excesding the allovabla
limit of 1.0 mgs/w’ by 50-122% (n sose aress of the plant requiring the installa-
tion of a better exhaust systes. Although the industrisl hygiene of che plant
bad been less than desizable, with at lasat one cass of chlorsene and ochers re-
porting rashea or & burning of tha eyes, the clinical tests did oot reveal any
significant health probiea. PCB blecd levela of tha group averaged over 400 ppb
compared to oo destectable amounts in the centrol population, yet the bilirubin,
alkalias phosphatass, sarum protein, albumin, SGPT end {imwunoglobulins of tha

worksrs wezse all within normal limits.

Fischbein et ai. (1979) have also exasined vorkera esployed at @ capacitor
plant. Io their atudy, 326 amployess wers sxamined snd of these the breakdown
for the durscion of exposure was: 10% had 5 or lesa years, 20.9% had 3-10 yesrs,
17.5% had 10-15 years, 11.4% had 15-20 years, 25.1% bad 20-25 years and 11% had
greater than 23 years of expoaurs to PCBe. Of thess ssplovess 10.7% had re-
ported rashes and 14.8% had reportad & burning ssnsatios of the skin. Upen phy-
sical examina:ion, approximataly 40% of the group had sowe redness, svelling,
dryness or thickening of the skin and 2% had aboormal secretions from the eys.
Gverall, ths clinicsl chemistry of the ssployees was unresarkable and this
':pcneity of abnorssl results” was noted by the suthors. Routins neurologic ex-
sainations 4also did got reveal any resmarkable prevalence of sboermslities

There was, howevaer, i‘docuui in the forced vital capacity of che luags ia 14%
of the vorksrs coepared to 5.6% in the normal populstion, as unususl finding but

one of unknown significance at this vise (Warshaw st ol. 1379).
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Other ssudies concsrmed with esployse axposure have been adequately dascussed
elsewhere (NIOSH 1977, EPA 1980). These discussions revesl that the toxyciz.es
most often found after occupational exposure sre relsted to the dermal changes
discuesad and indicers lirtle or no liver {njury or other eystemic problenms.

While these studies indicste that the liver injury u-u in animals has ot been
correspondingly reflected in humans at the levels of PCB expesurs generslly an-
countered occupationslly, & 3tudy by Alvares and co-vorksrs {1977) eugges:s
thess concentrations mey iadeed increass liver wmetsgbolism. The antipyrans
half-life messured in five workers exposed to PCle for et lesst four yesrs vas
twe thirds that of the half-life of the contrel group lsading to s 50% incretss

in antipyrene clearancs.

Reports of high camcer retes among Mobil Oil esployees st its Psulsborw, NJ re-
finery exposed to PCBs (Aroclor 1254) have been inctarpreted as indicative of %o
& possible link betwesn PCB exposure and skin (wslanoms) or pancsesatic cancer
(Bahn ot af. 1976). The Nobil study {ndicated that § canters deveioped betwesc
1957 and 1975 swmong 92 resesrch and developaant and refinery vorkers axpesed for
S or ¢ yeers is the late 1%40's and early 1950's to varying levels of iroclor
1254, Of the 8 cgncers, ) were malignant melanomas and 2 vere cancars of the
pancreas. NIOSH aaid, "This is significantly move skin cancer (melanoma) and
pancreatic cancar thaa would be axpected in a population of this size, hased on
tl.u Third Nationsl Cancer Survey." Howsver, it is diffieult te derive any con-
clusions frowm this study becsuse of the small numbers of individusls axpoesed and
the variety of other agents to vhich they were axposed.

It should be neced that Moueanto Co., in contrast to Nobil OLil, could find no ce-

sual velstionship betwesa cancer snd PCH axposure at its plant in Ssuget, Illi-
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nois. The lonsanto study was based on & review of the records of more than 300
curreat 4nd forder employees at the Illinois planc chat had been engaged un ?C3

production since 1836 (Anon 1976).

Findings of an incressed risk of mortsirity due to melignant melenoms, cencer of
the pancreas, and lung cancar among workers exposed to PCB3s was not corrob-
orated in ths study of Brown and Jones, (1981). There were no observed deaths
due to malignant eslancms and only | observed death from pancrestit cancer, whi-
1e 1.89 wvare sxpected. There vere sesven observed desths from respiratory system
cancer, wheress 7.6% wers expected. Thare was no tetal relationship between i(n-
creasing durations of ssployment in jobs iavolving PCB exposure and the risk of

sortality due to cancer or cirrhosis of the liver in the Brownm and Jomes study.

8.1. Summary of Human Hesith Effecta, The litersture on human toxicological
effects on reproductinn, birth defects, mutsageni:zity and general toxicity, has
besn reviewed, as wvell as the literature relevant to husan gccupational sxposure
and accidental poisonings. The following conclusions have been made: PCBs rep-
resent & low, acute, exposurs hazard; mutagenic, terstologic, and reproductive
risks are minissl; metabolise iz san is likely less sggressive than in rodents;
and the low levels of PCEs generally experisnced in the eavircnment pose little
risk and no obvicus hasard. However, thers have been repor=s of PCBs containing
highly toxic contaminants, s.g., polychlorinated dibenzofurans, and the pres-
;n:o of these contaminants could modify PCY toxicicy and che health risks asso-

cisted with axposurs.
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10. SUMMARY AND CONCLUSION

Poisons ars agents that can produce adverse effects on ¢ biological system  Ad-
verse effects may vary from sg altacation of normal funetion to the destructico
of life. All chemicals sre capsble of altering soms function in soma ergan.sm
at & large snough dose; therefors, all chemicals could ba defined as poisons.
Jecause the definition of & poison can be broad end does not describe chose cir-
cupatances and conditions under which an edverse effect can be expectad to be
produced, s more useful definicion of the toxicity of & chemical focuses on
those conditions predicted to develop at likely exposures to the chewical.
Evaluation of expearisental avidence and establishpsent of relevance to san is ne-
cessary bafore defining risk or hazard to man and the magnitude of that risk or
hazard. Safery is relative and (s defined as the probability that a substance
will seot produce aa unacceptable slteraticn of normsl function under & given sec
of specified conditiona. The success of predictions of safety depends on the
typas of experiments perforsed, the adequacy with which they have beer
patforaed, and, sost importantly, the appropristensss of sxtrapelsating {rem ex-
parimantal restlts to saa. To saximize the utiliey of the dats, the toxieity of
the materisl should be determined under controlled circumstances relevant to der

fining the ainimus conditions necesssry to produce adverse sffects.

PCBs can ba toxis. PCBs can bs used safely under controlled condivions. PCRs

under known conditions of exposure to man, have not, with the exception of evert

) poisonings, produced significant adverse health effects. The litereture eof PE3

toxicity in both animals and humans has been reviewsd to predict those tondi-
tions under which PC3s mey be considered poisoncus or uasafe. lncluded in the

literature review ware studiees onm reproduction, birth defects, mutsgenicity,
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carcinegenicity. and ganeral sysctemic toxicity. In addition, the licezatuse =as
revieved for dacs relevent to human occupationsl exposure and accidental moison-
ings. Analysis of published animsl dats lesds o :he canclusicn thar, in ant-
mals, pure PCBs represent & low ascuts axposure hazaszd, chat autagen:c,

teretogenic #nd reproductive risks are minissl, and thet the cercinogenic poten-

tial of this compound has 2ot been couvincingly desonstreted in an anims] sodel

relevant to man.

The metabolisa of PCBs (n man i3 smuch less aggressive than {n rodents, therafore
biouu\'rll:tn nodels proposed as axplalning chronic toxicities {n rodents are
insppropriate to predict siailar hazards in san. Analysis of husan PC3 axposura
and effect 4ata teveals a spectrum of coxicities fairly consistent with thosae
induced (n animal tescs. Acute human sxposures heve oot produced the sigunifie
cant liver damage seen in chronio exposures of rodents, as svidenced by the
Yusho incident. Human occupational epidemiology studies with substancial mum-
bera of exposed vorkers indicate minimal syscemic toxicity and no incresss in
cancer incidence. PCBs represent 2o unususl hazard vheo compared to many
"safe" chemicals with the exception of chloracne and adverss darmal responses.
Human axposure to the PCBs that are generelly »resent in che enviromment is ot
ouch lever levels md/or fer sherter pariods of time than cthose exposures
documented for Tushe or ia capacitor plants. Therefore, it is conmcluded chat

low levals of PCRs pose little risk and no obvious haszard.

The chsmical mnalyses eof FCPs have shown that they often contsin polychleri-
nated dihengzofurans (PCDFs) at low levels. The concentratioos of chase ctoxie
contsaisants are genarally ia the perts-per-million rsnge ia pure PCP mix-

. tures, But patcent of contaminacion can be substantislly incressed as ¢ result
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of industrisl use. Since lavals of MCBe genarsily found in che envirsnzest
ars 5 cha parte~per-rillica range o¢ lcvtrt the concomitant cencentrations af
PCOFs would De axpaczed to be unmaesutable. For chis ressom and Becausa zNe
toxicicy daca of all PCBe axposuras have probably izcluded chis coataminane,
tha concern for low leval exposures to PCTFs is ;eiil wmpacted te be minimal.
Although the presanca of theae ecoocasinanis could wodify che eoxicity of PChs
and the health risks aseociaced with exposurs, cthair expacted lowv levals

should represent no wusual hazazd.
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Tabis |
ISOMIRS OF FCBa

—— AN SR ANENAEARSS RS tSaNESIIE AL REE n N XN
Moteculer % Chiarine -
¥ Chlerinns Chiarehiphany | £ isomara Welght by Maight
) nane L] ea.7 18.79 '

2 (1] ) 12 2230 nwn
3 erd o] 257 & LTRR1]
L] tatrs a2 . 2%z.0 88.5%6
5 ponts [ 1] 326.% 58,30
[ heaxe N . 368.9 8.9}
1 heopta 4 ‘ 195.3 62,717
s octe 1 I "29.7 65.98
9 nova 3 3.0 &8.73
('] daca ] 498.5 .7

Aepiad froa Nurtzinger at ol., 1978, NI0OSH 1977 sed (ARC V1DT8. !
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Table 2

PIYBICAL PROPEATAES OF COMMERCIAL PCBe

SRS COANEERNSENGN IS SE N R AR NONE NS,

AROCLONS ™

Proparty [} ({111 1242 1254 1268 1248

Appesrance cioar, slesr, clear, 1ight yellow, atichy resina aticky resins
sobife ol sobhile ol sobile ol thick sl
Specific Graviry i.» 1.3 1.3 1.58 1.57 1.8l
& 2%°C
piscitiation 2715329 323-356 125-384 165-390 185-020 433-050
Aange (*C) - '
vaperizatian o
Rare 2y (00°C .
(ng/cal/nr} 1.8 - 0.3 0.05 -—- .-
i .

% iossr &
100°C/6 hr - - - e.2% -8.1f 0-8,1%
Water Soiukliley ’
ar 25°C (wg/1) - - ‘- e.N am ..

* {radomari of Momaante

Adapted from Hurtzinger at ol 1978, NIOSH 1917 end 1ARC 1978
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Tahis )
END USES OF AROCLOAS® BY TYPE

E L] E LT L L1 2 L L 1 IIll:BstllI-Is.s--u..’..“..;-‘:&tIl...::&...ll;....lt-
Ervd w3e H' 111 [P ] 1232 1282 1268 1258 1260 1262 1268
Curreat
- Capaciters » ] x
= Vranateraerd x ® x
foarmer .
- lwmat Transfer 4
=  Wydraul lica/Lubricants
= Mydraulic Fluids x x x 4 x
- VYacuus fusps ] X
- *"Cas-lrpnsmission Turhiogs x »
- Plasticlaera
= Aubbuars " " x 1
- Symilwiic Rasins ] x ] x x
= Carbuniess Paper .
~ MNiscollancous
« Adiwsives " | | 4
« Max Eatcnidera x n x
=~ Budusting Agenta x x
= inks x
- Caniing olis x
- Pusiticide Extenders x
* Seslants asd Cawiking Conpounds n

® Jradsansrh of Moassate
Mapied fron urizinger st sl 1918 and (ARC 1978
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Table 4
PCBs IN FOQD

P st gyt SV ]

Pezcent of sanples wizh PChs

Maxinsl
Praducts 1972 197% 1973 Concentraticn (ypa)

Fisa 60.4 .0 17.8 123.6
Milk 2.2 2.6 0.7 1.3
texe 1.1 .2 0.0 11.0
Cheaass d.9 1.6 6.0 . 2.8
Faed Components 12.7 ¢.0 .3 3.0
Anisal Faed 7.2 0.0 0.0 194.5
Processed Fruis “.§ 6.0 0.0 19.2
Baby Faed 1.1 0.0 6.0 tzecs
Measrs, Poulery 1.9 1.2 0.3 > S ppm

ddapted from Jelinek and Corneliussan 1976,
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Table

* Aversge Adult of 70 kg
Adspted fzom Doull et sl. 1980.

TOXICITY RATING CHART

T

Probable Oral Lathel Dose for Humansw

Rating Animal Lnso
1. Nomtoxic 15,000 mg/kg
2. Weakly Toxie 5,000-15,000 og/kg
3. Moderstely Toxic 500-5,000 ag/kz
6. Toxic 30-300 ag/xg
5. Extramely Toxic 5-50 ag/xg
4. Superrvoxic TS wy/kg

Expected Human Dose

£ 1 Quart

1 Pint-1l Quart

1 Ounce=] Pint

1 Teaspoon=1 Qunce
7 Drops-1 Taaspoocso
Lass Than 7 Drops
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Table 6

ACTUAL TOXICITY AND THE TOXICITY RATING CHART
OF SOME SELECTED CHEMICALS

VR s I R

Agents Anismal mso

g 16,000 ag/kg
Aleohol 10,000 ag/kg
Table sale 4,000 ag/kg
Izem 1,300 ag/kg
T 100
Srrychnine 2
Nicotine i

e 0.001
Sotulinus toxin 0.00001

* Aversge Adult of 70 kg
ddapced from Doull ot sl. 1980.

- - 3 " . —

Expected Human Doge+

1 Quartc

1 Maoc-]l Quars

1 fine

1 Ounca-1 Pinc

1 Teaspoon+l Cunce
& Propa

1 Drop

Less Than | Drop
Less Than i Orep
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Tobin 7

CENERAL SYWPTORS OF “YUSHO™ PATIENTS

b ENERSEINSUESRS LY - =g tEgERrASEASS SRS cENER ENE "

Subjoctive Sympiome Objective Sympreas Clinice) Resuies

1. Gensrsl Fetliguws 1. Srenchicis-iilke 1. Wigh C8 Concentraglon
In fot ond Blsod,
2. Neadeche 2. Sansary meuropathy 2. incresse of sarum
i neutral Viplds,
3, Abdoninsl paine ’ 3. Pursitls 3. Amsale
N, Wumbasss ¢ paln of the |lahs 8. Iakibition of growih §. Reduced conducilisn velescicy
In chlldren of sansury asrvas,

3. Swaliing ond pain In the Jointe 3. Swall For dese bables 3. Adrenoceriicel hypafuncilon.
6. Cough ond sputus 6. Atmafers srupt isns ea shia. .
7. Changas ia adnsirustlion 7. incresced plgmenisiion of

alngive, shin end nalts.

8. Bischarga from ssibonien
glonds,

9. fdams of fece end eye:s
10. tivar cnlergemsat

Adaptod (ram Nurelsune 1976
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Tabie 0

1UMSRIGINIC EFTECTO OF PCB's

ARER =k Eemel
A THORS YEAR srcis CONFOUND, BOSALE EFFLCIS
ile gt &4- "I Nice Ranschisr-300 In dist Redular byporplisciss snd wall differentisiad
308 ppm/i2 o hapatecoiinier Carcinomes |0 Ll Jiver
MiiLive of corclnagenselis by @-8HC ond J-a0C,
slabrouwgh g% - Lh 21 ] Nice Arecior 1254 Wepatones and adanciibresis
Nagasaklt gL af. 1y Nice dsnechior-308 500 37 wh Neesplastic changas In Vlver
-G 25 ppa/ 0 v 32 vk Neeplastic changes o llver
Romachie: -508 100 ppm 32 vh Neaplastic changas In livar
+ @-piC 50 ppm
Negasahi gt 3i. 1973 Nice Pepie=- 1oira- or trighlers- Liver Luasrigonasis is higher Incldence st
;a’-n,ll. e, 258, higher dass sntes.
ppm for 20 wh
Fonts~ and Lotra-chiore- Livar jusarigssesls of g-il was proasied
llrl-u‘l 100 ppm * 30 elise by pure Chisrinsied biphanyls,
o= g-
Slaurs b Babe (112} Rate Rasachiar-40d {1000~ lastic nedules Clenge In 6710 fomales and
. 1500 ay--the toLs] /00 males, .
for Wb days) -
mablvurs g5 ai. [T 1] Rets Narachkis r-500 i ited the ladhciion of liver Lumors By
saveral Livar cercinsgens,
Slabrangh g1 af. 1973 Reeelf) Arsclor 1268 Wepstecellular carcinomes 247188
wo ppa/2i/e Mypavpiasiic meduios 167008
Adonulibresis
Messaruann gt i, 198 Ransirf) Arscier 1294 Wupatleceliviar sdunamas,
208 ppa/25 ®
Kiamwre gi ai. 1916 Nats ce's Anti-pressters In axpariasatel coreinsgenssis,
Alloa b Nersach N Rhawus Nonkeys Arecier 1208 300 =3/l Nyparpiesie sad Sysplagie of tric awce
C8's 5000 ap/Np with lavasion of sdjacent mu-s. “
Allon & Ablshanson 1913 Retse Arecier i248, 1294, 1262 Wypsrtirepy - regressive ehenges
Richrough & Lindar 1917 Kics Arecier 129 Aogressiva of hapatsass
Reagasadl gt 9. " Nicatn) Ranechier 500 Mais hepstonss (VO ¢ 308 Regatiwve)
Narkvilet & Kinsiderl Asts Arscier 129 Inkibiiad Waiker 254 carcinssarcome
e os 0. ULl Nevs Kanechier 588, %06, 00 Reduier hyperplasis, cheisnglefibresis
Burse 21 31, Rnectn) Frezla- 1282, WS tiver coll necrosis
Wishcough o1 o} " Ratsft & ¢) Areclor 1260, 1254 1254 @0re pruicuined Contdnindier Jibanstot uraen
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Smcalibens

3.7 2.4’ B-PENTACHLOROBIPHENYL 1Y 58 - TETRAACHLOROBWPHIENTYY,

@_d

-]

LT, 45 TETRACHLORORIPHENYL
NCT

A5 S TITRACHLOROSIPHENYL
NOR

A4 - TETRACHLOROSIPHENYL

Figure 1 PCB STRUCTURES AND NOMENCLATURE |
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GLOSSARY OF TERMS

sss page 128

see page 29

agent cays:ng apnormal development of embryo or fetus
any change in the character of the gens that is perpetuaced
in subsequent cell divisions

kilogram (2.1 peunds)

gras (1/1,000 of a kilogram)

milligrams (1/1,000 of a gram)

microgras (1/1,000,000 of & gras)

nsnogras (1/1,000,000,000 of a gras)

liter (0.91 quarzts)

cubic aster (of air)

nancmoles (1/1,000,000,00C of 2 zele of a substance)
approxisately equals 0.0815 ppm (assuming & solecular
weight of 300)

National Institute of Occupational Safety and Health
Netional Cancer Insctituts

Environmental Protection Agency

Iaternacional dgsncy for Resear:h on Cancer
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