~ Pdiychlorinated Bipﬁenyls

Another Long-Life Widespread Chemical in the Environment

David B. Peakall and Jeffrey L. Lincer

The recent finding that pelagic birds
dying on the cowsts of Great Britizn had
polychlurinated biphenyls (PCBs) in their
livers 1 concentrations of several hun-
dred parts per million (Bourne and Mead,
1969) shows that these compounds are
present in the ecos,steman farge amounts.
TFhus, it seems worthwhile to summarize
and evaluate our current knuwledge aof
these compounds.

Structural and Physical Propurties

The pictuic is complicuted by the Fact
that we ure not dealing with a sinple com-
pound. The basic structure of PCBs s
shovr in Figure 1. Any of the poiitions
marked with an x cun be substituied by
chlorine. Widmaek (1963) has caleulated
“thut of thie 210 possible combinatians 102
arc prohable. His eriteria for thos. N
ftutions are those compoundy coniuining
five to eigint chlarine atoms per moleenle
and the nuniher of chivrine utoms por
ning differing by pot mare thun one.

The commercially availeble Aroclors
(Monianto Compuny Trudemark) are des-
ignated by numbers (Moasanto Techaenl
Butlctiny). The first two digils reprosent
the moleeutar type: 12 - chlorinued bi-
phenyls: 25 and 44 - blends of chiorinated
biphenyls  and  chlorinited  terphenyls
(75% biphz=iy! and 60% biphemyl, re-
spectively ), 54 - chlorinated terphenyls.
The last two digits give the weight per
cent of chlorine. Thus, Aroclor 1242 is a
chiorinated bipheny! containirg 427 chlo-
rine. The biphenyls commeraially avail-
able from Monsanto raage from 21% o
658% chiorine. Mass spectrographic studies
of Aroclor 1260 (Koemun et ab., 19692)
shew the prescnce of [ isomers: {ive con-
taining six chlociae atoms, live containing
seven chiorine atoms, and one contuining
eight. Bagley et at. (1970), studying Aro-
cloc 1254, found 18 compounds: one con-
taining three chloring atoms, four contain-
inz four chlorines, four cenlaining five
chlorines, five containing six chlorines,
gnd four conliining s=ven chlorines. Thus,
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the number of compounds present is, for-
tunately, much smatler than is theuretical-
ly possible.

PCBs are chemically inert, are aot hy-
drolyzed by water, and resist alkulies,
acids, and corrosive chomicals, They have
low volatility, theic boiling potnts ranging
from 278 C for Aroclor 1221 to 415 C for
Aroclor 1268 (Penning. 1930). All are
stable to prolonged heating at 130 C, and
the lower Arocloss can be distilled at
atrmospheric pressure without appreciable
decomposition. PUBs are described as in-
soluble in water and very soluble in hydro-
carbon solven's. although no exact fizures
arpzar to be avzilabie. Nothing is kaown
abeat the bivlogical decomposition of
PC3s. but it is lilely thit they are more
stabic than DDT und its metabolites since
they lack the ethane component between
the aromatic rings, which is the site of
aciton of mos: of the trunsformations of
DOT. Thus, PCBs have the necessacy
physical and chemical characteristics for
persistence and accumulution up the food
chuia.

Use of PCBs

Pulychlorinzied biphenyls were first de-
scribzd in the Hterature in 1881 (Schmidi
and Shultz, 1851), and the successful com-
mercial preduction was achieved by the
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Swann Compiny in 1930, In that veur the
physical churacteristics 2ad commencal
possibititics of these muterials was de-
scribed by Penning (1930). PCB- arc now
manufiuctured by Monsanto in the Unnad
States (Trade nume Acocloe), Pradelie in
France (Phennchlor). and Buyer in Geor-
many (Colphea)  Other munufacturers
are Jocuted in Jipan and the Soviet Unioa,
No figures of the amount ol these mure-
rials produced annually are availuble, Yot
to judge from the uses hsted in Jaile |
they maey be very lurge. The uses heted in
the table are only sugyested appheation,
taken from Technical Buitetin 304 of the
Monsante Cheatical Company, andd 2z
there is no informuatioa on the eatent Lo
which these recommendations are acted
upen by the manvfacturers of plustios
and resins,

Tthic use of nighly chlocirated Ace. tors
for extending the Wil of foris! i s
containing chlordne, aldan, and divldiin
are mentiored under ruiseetlancows appli-
cations of Aroclors. This possibiliy hoy
been considered in a numbier of papers.
Sullivun and Horustein (1933, Horntein
and Sullivan (1933}, and Txav et al (1930
found thai the chlornnzted terpheny ! Aro-
clor 5460 increascd the residust persis-
tence of lindune. Tsao ctal (1933 onad-
ered that thers was some indication tht
chlariauted polyphenyl may have g syaur-
gistic effect with hindane. Duda (i937%)
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Fig. 1. Basic structure of PCDs 1A) and pussible resctinons of PCBy (Ri
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sprayed cim saphngs with @ lindane > o
clor 5460 mixture (L:4) und then tested
the residual effect on M leaves to infes-
tation with clm lead bectle (Galerucella
xanthomelaena). He found that leaves
treated with lindune plus Aruclor were
protected fonger and that the inaccticidal
elfect wus more rapid than with lindine
plonc. Peaks corresponding to Aroclor
5460 huve not been dotected in the envi-
ronment. However, under conditions of
temperature and ffow.rute commondy uscd
for gas chromatographic anulysis these
compounds would not be detected (Reyn-
olds, 1970).

Nearly 23 years ago it was noted that
Aroclor 1242 wus ane of 175 compounds
out of 6000 tested that was effective
againal mosquito (A egips) larvae (Deon-
ter ct al., 1946). Lichtenstein et al {1969)
tested the effcet of adding a varicty of
biptiery s and terphenyls to DDT and di-
eldrin with respoct to their toxicity 1o
house and fruit flies. It was found that
PCB: hud very tow toxicity to house flies
when piven alone but PCBs increised the
toxivdy of dicldrin and DDT, evpecrully
the latter. The cfiectiveness of these com-

_pounds decreased s the chlorinated leved

increased. For example. Aroclor 1221 in-
crovved the praptality of frotr flisg From
$9% o 93%. whereas Aroclor 1268 in-
credied it to only 77%.

Analytical Methods

V) Identification.  Since various com-
pounds with clectron-capluring propartics
huve been tentatively identificd 10 autmo-
spheric sumples in the past (Abbott et al.,
1966), and some pestivides are capable of
hybridizing in the soil to-form a new coim-
pound (Bartha, 1969), it is important that
the presence of PCBs in field samples be
proven heyond doubt. Identification by
means of a combination of high resolution
gas chromutography and mass spectromi-
ctry has been carricd out by three inde-
pendent laboratories in Sweden (Wad-
mark, 1967), Hollund (Kocman et al,
19694), and the United Stites (Bagley et
al., 1970). Widmark’s report states that all
peaks were identified by mass spectrom-
etry (although no duta were given), bul
Koemuan and co-workers gave full experi-
mental details, and Bugley et al. (1970)
demorstrated that most chemicals in the
cagle saumples examined were components
of Aroclur 1254, Thus. dzspite a recent
statement by the Monsunto Chemical
Compuny (in Rischrough, 1970} that the
cuse for labeling the peaks in question us
PCBs wuas not pruven, there is enough
cvidence Lo convince an unbuaised scienti-
fic jury.
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2y Separurion. The chentical techmiyues
preliminary to quantitation of residues in
samples cnl\lxlinim_: buth PCBs und ¢hlo-
rintted hydrocarbon pesticides fall into
Iwo groups  those neeossitating the de-
steuction or alieration of one or more of
the compounds, and those which do not.

fncluded in the first group is nitration.
Treatment with a 1:F mixture of sulfyric
acid nitric acid ut 0 C for 3 min destrovs
or alters aldrin, p.p”-DDE, p.p’-DULD
(TDL). p.p”-DDT, and dicldrin such that
they can no loager be detected at the
oriminal position on the chromatogram.,
This procedure leaves unaffected PCB.
hindane, and BIIC (Jensen and Widmurk,
1967). A more rigorous nitration with 2
L1 mixture of sulfuric acid-fuming nitric
acid for I3 min at room tumperiture re-
moves, in addition to DT and its reluted
products, uldrin, heptachlor, Kelthaae,
Perthane, Tedion, Telodrin, and Trithion
while lindane, heptuchlor epoxids, toxa-
phene, and Strobane are not remosed
(Erroctal, 1967). Riscbrough ctal. (1909)
reported that this nitration also remuved
the chromatographic peaks of PCBs. Rey-
nolds (1969) reported that his atteinpis to
nitrate samples were not fully successful
in that there appeared to be o of some
of the more volotils PCRB. while peks
with longer retention times appeared,
Armour and Burke (1909) reported that
complex chromatogranis resulted  after
nitration which could nat he related Lo the
unreacted DDT-PCB nvinture, and nitra-
tion was not pursued us g peactical means

of separating DOT and PCE o, fanihor
tests,

Saponification with ulehishi: Ny,
KO walt dehy rodrodhloninge Peribine,
Tovaphene, DDD.and DT 1o 1har re.
spective olefins (Archer ynd  Croatn
1966: Klcin and Watlts, 196d), Rychiog ih
et al. (1969) reported tha PCY Pt .;rc
nut removed o displiced byp o
data, .

The second. and in womie inataes

B

more desirable, group of analsiic 1 oech.
niques allows the spectal sep e ton o
many chlornated hydiocachon poicides
from PCB.. Reyaolds (1969, 197w o
ported on uan uctivated Flonsib colume
technigue  which  separated hepiachig.
aldrin, DD, and PCB with the first ola-
tion (60 m} n-hexane) fron: hindune, ey
tachlor ¢ponide, DDD, and DO eath thic
seeond clution (40 mi 307 ethy! cthor i
hevane), Armour and Baike (19700 doel
oped o muthod utitiviag o shoe aad
Celite column cluting aldrin and CH
with the fivst fraction (230 mil petroleam
cther), and  lindane. hertshior. hiopia-
chlor cponide,  dicldrir, endrin, pop”-
DDE, op’-DDT, pp"-DDT, und pp’-
DDD with the second fraction (ot mi
acctonitrile hevane micthvlene chilunde

119:80), Koeman et al (19691), using an
activated Floristl column, eluted e opo
lar compound. iacluding DD und POB
with hevane, and thea docldoin and endon
with 107 dicthy ! ether in bovane, Myt
hern (1968) reposted on a mathod windh

utilized sihica gel-coured thinal oo plates
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and a hexane/ethyl ether (98.2) sobvent
system. The plutes were developed,
sprayed with a silver nitrate solution, and
expused to UV light. The plates were then
divided into five horizontal sections. Di-
cldrin, endrin, ¥-BHC, heprachlor
epoxide, p.p’-DDD. pp’'-DOT. o.p’-
DDT, and p.p’-DDL (in thut order) were
found in the first four [fractions, while
most of the intecfering compounds found
in wildlife samples were found in the fifth
zone. Bagley et al. (1970) used this meth-
od but mentioncd that zones three and
four contained practically all unknown
componcnts as well as p,p’-DDT (zone
three) and p.p’-DDL (zone four). Armour
and Burke (1969) uscd precoated (atu-
minum oxide) sheets and n-heptane and
2% acetone/n-heptune for solvent sys-
tems. PCBs (Aroclors 1254 and 1260) und
DDLU were not separated, but pp’-DDT
and p.p’-DDD completely  sep-
arated from PCB by both solvent systems.
Another possible means of separating in-
terfering substances is to use a series of
differing polarity columns in the gas chro-
malograph at the time of determinatioa.
This is less time consuming and may be
usefut when operating conditions can he
selected such that PCB peaks are ab.ent
in the POt
emerge (Simmons and Tatton, 1967).

J) Quantitation. Roemun et ab. (196%4)
semiquantitatively measured the residucs
in Japanesc quail fed phierochior DP6 by
using one of the paaks in a phenochlor

were

regionn where soigld

DP6 mixture as a standard. Riscbrough

(1969) quantituted relutne tevels of PUBs
by assuming that each PCB conrpound
produced the same peak hzight with the
electron capture deicctor as the same
amount by weight of p.p’-DDE. After
summing the heights of the individual
peuks, the total was multiplicd by a fuctor
derived from measurements of standurd
solutions with electron capture and micro-
coulometric detectors. Jensen et al. (1969)
reporied PCB amounts as the sum of ull
PCB components and bused the estimate
on a combination of mass spectrometry
and microcoulometric and electron cap-
ture detection. Even with this elaborate
approach, these investigators suggest that
the methed is still rough and may be cor-
rect only within a factor of 2. Anderson et
al. (1969) devised a method for obtuining
a crude estimate of PCB residues as Aro-
clor 1254 from chromatograms where sep-
aration hud not_been attempted. On an
empirical basis, it was found that Aroclor
1254 could be quantitated by considering
peak 10 as p.p’-DDT and multiplying that
value by 10. Since this peak had originally
been quantitated as p.p’-DDT, and in

960

)

fact many of the original samples cont
tained little or no p.p’DDT, it wus pos-
sible to ostimate relative PCB values.
Andersan and his co-workers also saponi-
fied samples to remove interfering p.p”-

. DDT und p.p’-TDL und then quuntitaled

PCBs as Aroclor 1254 by reluting sample
peaks 9 and 10 10 the corresponding peaks
of an Aruoclor 1234 standurd. Reynolds
(1970) employed a method similar to
Koemun et al. (19694) bui based his quun-
titation on an average of two or more
peaks. In addition, his resubls were re-
ported as Aroclor 1254 or 1260 depending
on the overull puattern of the chroma-
tographic peak profile. It is clear that we
are still relatisely unsophisticated n our
PCB quantitatica methodology and will
continuc to estimate only relative amounts
of PCBs in field samples until we synthe-
size the individual PCB components com-
nmionly found in the ecosystem and are
able to speak in terms of these individual
peaks as we do for most pusticide residucs,
However, it has been Kindly pointed out
{Risebrough, pers. comen.) that, with ref-
erence Lo biologicul significance, the cor-
rect order of maunitude snd accurate reln-
tive smounts of PCB give the essential
information. This is because biological
cffocts, sush as znvyme fndusiion are re-
lated to d=grec of chlurinction, and ths
cxixting mzthods give some indication of
this activity. Therefore, that information

would be lost if stress were placed only

upon quantitating individual peaks.

1) Magritude of Error. Cver since PCB
peaks were recoanized for what they are,
residue chemists and other rescarchers
interested  in pesticide have
asked what magnitude of error is likely to
result from ignoring the prescece of
PCBs. Oaly recently have studies either
directly or indirectly resulted in an esti-
mate of this error. Andarson et al. (1969)
quantitated p.p’-DDE, p.p’-DDD. and
p.p’-DDT in five egg samples before and
after saporification. There was no appre-
ciable change in the p.p"-DDE, but ap-
parent p,p’-DDD was reduced by ap-
proximately 58% and p.p"-DDT by 90%.
Reynolds (1970) fooked at a large number
of samples before and after his PCB-
Florisil separation and [ound that the
actual p.p’-DDD residuz (relative to the
appurent residue) represeated from O to
7% in Califurnia gull (Larus occidentalis)
fat, 0%t in cormorant {Phulacrocorax auri-
tus) eggs. 80% in 10 pooled mullard (4nas
platyrhyachos) duck eggs. and from 0 to
104% in great blue heron (Ardea cinered)
eggs. Roespective valwes for p.p’-DDT
were O to 53%, 1310 417, 1007, and 18 to
102%. Actual residue fevels of heplachlor

residucs

eposide generally represcnied o LEPTRTNEY
of the upparent values. Befure unid J,’!-:'r
values for p.p”-DDE and dicldrn were
not significantly diffcrent. QUerously . the
magnitude of error muy vary depending
an the trophic level sampled and cortvnly
with the arey from which u sample is co'-
lected (Rischrough et abl, 1568, Jeasen e
al., 1969). Since the publishing of ude-
quate sepiration techmyues, there v no
reason why there should be any wrror in
pesticide quuantitation contributed by
PCBs. '

.
Toxicolngy

Despite some recent studies. the toni
cology of PCBs remuins rather poorly
known as coempared to that of the chlo.
rinated hydrocarbon pesticidey. For ex-
ample, no definite work hus been dune 1o
establish LD30 vulues for the variou,
formulations of TCB-.

V) dcure. single dosc experinenty
Tucker and Crubiree {1970) found that o
single de<e of 100 mu/he Aroddor 1234

~(stomach tubed in oil) was futii to teo ¢t

of three rats, while 300 meg/ke wes not
fata! to thres rats. Aroclor 1268 killed one
rat out of three at 300 mz/he, 1000 102
ke, 2000 mg/khg. and 4000 me ks Smsth
(1931) found that a 4 g/he (devree of chios
fination aot stuted) was nonto cota girne
pigs and rabbits, but this appuars to e
due to the fuct that matcrial which was
given as a paste puassed through the intes-
une unabsorbed. Yucher und Crablree
(1970) found that Aroclor 1242, 1234,
1260, and 1268 at a dose of 2000 mz ke
was not fatal to mallard ducks (four
groups of three birds each).

2) Acute. feeding experimonts. Mon.
santo Bulletin 306 states that 100 ppm
dict hud no effect on rats, althouth ny
details of the studies were given. The e
periments of Beanett et al. (1918} 1a wh ¢h
0.05 g/rat of 637 chlorine biphens! was
given orally escry other day led te 307
mortality. If one assumes a body waghe
of 200 g, thea the alternate day do-z s
roughly 230 my/Lkg, which can be vome
paredto orul LD30 for DDT of 113 my - g
(Frear, 1968). Miller (1944) found b
two eral deses of 60 mg ol 42% chloriae
biphzny!l a week apart were futal 1o guinea
pigs. At an estimualed body weight of 47
g. this gives a dose of 170 mug, ke Tucler
and Crabtree (1970) fed rats dizts coatn.
ing 10 and 100U ppm Aroclor 1254 One
rat out of six on the low duosz dicd ths
mortality was considered (0 bo diew (o
other causes. Four out of four of th: i
group dicd within 53 days ard the cil-
culated intake wius 13301320 me h: V1he

\
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food intake of the 1000 ppm group \\{\ )
only 79% of the control group.

Presst et al. (1970) tmve cxamined the
toxicity of Aroclor 1254 1o Bengalese
finches {Lonchura striuta). This is a diffi-
cult specics for which to culculute the
dictary intuke. Due to their dependence
upon unshelled food. it is only poussible to
present the PCB-luden food for a few
hours a duy (Jefferies. 1967). Loss by
evaporation and loss by spillave must be
allowed for, and increase of weight by def-
ecation must be kept to a minimum.
Thus, the calculated dictary intake is sub-
ject to more error thun is usually the case.
Presst et al. (1970) also measured the con-
centration of PCBs in the liver, they
found that the range wus large (ie., 70-
697 ppm in birds (hut died compured to
3-634 ppm in those that survived), These
authors conclude that Aroclor 12534 has
only 1/13 the toxicity of DDT, although
the different shape of the mortality
curves—-steep with DDT, gradual with
PCB--makes comparison difficult. Juf.
feries and Walker (1966) [ound good cor-
relatica between calceluled distary intake
and liver concentrations for pp’-DDT in
the Bengalese other

finch. However,

“workers (Dale et al., 1963 Stickel et al.,

1966: Sticke! and Stickel, 1969 have con-
sidered that levels in the brain are o more
reliable inden of toxic levels than those in
the liver or whole carcass.

Dc Vos and Koemuan (1970) fed Pheno-
clor DI'6, Clophen A60, and Aroclor 1260
to chickens at a dosage of 400 ppmr. Mor-
tality was complete (20/20) for those birds
on Phenoclor in 12-58 diys and in 13-29
days {ur Clophen. The mortulity for Aro-
clor was only 3/20 for a 60-day period.
This differential effect is unexpliined and
is surprising in view of the fuct that all
three formulations contain 60% chlorine.
These workers meuasuted the residue lev-
¢ls in the liver, and, for some birds, in the
brain, for chickens dying during the ex-
periment. Although there was consider-
able variation, most of the brain levals
were between 210 and 420 ppm, which
can be compured to 50-80 ppm for DDT
{Stickef et al., 1966). On the basis of :his
work, PCB is 1/4-1/5 as toxic as DDT.
Little difference wus noted between the
three different PCB formulations, al-
though the numbcers of determinations
involved was rather small. If this finding -
is barne out by subsequent work, it wouid
suggest thut dilfercntial absorption from
the gut or differential penctration of the
blood bruin barricr is involved. The liver
values were more variable. There was a
considerable number in the 200-300 ppm

-range, but there were several values in

Scptember 1, 1970

cxceys of kW) ppm. This finding is in
agreemznl wiih the findings of Dule,
Stickel, and co-workers that the brain
levels are tha best indication of acute
toxic levels.

McCune e al. (1962) found no mor-
tolity with ¢hiliens fed 100 or 200 ppm
Avoclor 1242 in their ‘dict for a d.week
period. On dizis of 400 ppm and 300 ppm,
the mertalities over a $-week period were,
respectively, 20% and 90%. During the
first 3 weeks. the moriality figures weree
107 2nd 5077, respectively. Flick et al,
(1965). using the same material at 300
ppm tn the <zt had three birds out of 24
die in a 3J-wzck period. Koeman et al.
(196%a) four that a di=t containing 2000
ppm Pheaolar DP6 caused complete
mortality witlz Jupanesz quail (5/3) in 5-
13 davs and r=:s (8/8) in 1-56 days.

Schoettger Junpublished) found thut the
96-hr TLm For Aroclor 1221 using cut-
throat trout was 1.2 my /1 and for Aroctor
1260 wus 679 mg/l. In gencral, they
found that t5e toxicity of Aroclors wus
inversely propartional 10 their percentage
chlorination nd dircetiy proportional to
their solubil.zies. Thuse figures suzgest
that PCBs aix two to three orders of mag-
nitude less to <ic to fish than DDT. Work
by Lichtenatzin et al. (1969) on house and
fruit flies femnd that PCBs were <40-3G)
times less toxic thun DDT, the toxicity
decreasing :ri the chlorine content in-
creasss. Thuws, it appzars that the lower
vertebrates ond inverniebrates are much
less suscepii®ie than mammals to direct
tavicity frort PCBs.

3) Subleit:al effects. As with the chlo-
rinated hydrozarbon pasticides, the most
important e scts are fong-range sablethal
elfects. The puthologic changes in various
organs are summanzed in Table 2. The
tuble shows, some interesting differences
betwesn mummals and birds. The most
striking (inds in mammals are alterations
to the liver, whereas fluid in the peri-
cardial suc. kidney damage, and reduced
spleen was £3und in birds. ]

McLaughYin et al. (1963) found that 25
mg Aroclor 1242 ipjected into the yolk
sac of chick =n eggs caused complete mor-
tality, wher=as 10 nig caused 95% failure
and teratczenctic effects were noted
among the young that hatched (beak
deformity, edema. and growth retacdant).

{nduction. of hepatic hvdroxylating en-
zymes has been d:monstrated in the pi-
geon (Risetrough et 2l 1968), rat (Street
et al., [967,. and Amcricun kestrel (Falco
sparveriust. {Lincer and Peakall, (970).
Street and zo-woarkers studicd the effects
of a dict of 30 ppm und 109 ppni on sleep-
ing timc induced by a standurd dosec of

DSW

)cwb:lrhil.ll_ in vitro rates of aniline Ay -
droxylation and demethybation of p_n“,;_
anisole, and the rate of excretion of
dicldrin. These workers studicd {10 ¢ym.
pounds ranging in chlorine content from
2[%% to 68% and found that ufl the offect,
increased with increasing chloring con.
tent. For example, 50 ppm of Aroclur
{220 reduced hexubarbital slc\:ping Lme
by 11%, whereas for Aroclor 124% uad
1268 the ligures were, respectic ¢hy. 337
and 48%. Thus. the sublethal clicats have
direct corrclation with chlorine conten,
while the lethal effects appear to be in-
versely correlated (Tucker and Crabiree,
in press). Lincer and Peakalt (1970) noted
an increase of the in vitro rate of metaha-
lism of estradiol in kestrels fed 0.5 and

5 ppm Aroctor 1234 1n their diet and also

demonstrated incredsed levels of cytoplas-
mic RNA with the hicher dictary tevel
using a cytophotometric techniqus
Tucker (unpublished) feuad that a sin-
gle oral dose of 300 mg/ke Aroclor 1234
caused regulur egg layirg of Jupanese
quail (Corturnix coturnix) to turn first to
scattered egg production and then to stop
completely for u week. The seattered cra-
had shells 9% thinner than aermal, but
thickness returned to conirol velues when
regular laying was  resumed. Maliard
Cuoka dosed with 100D mn /Lo nf Aroclor
laid one or no eggs bafore stopping for |-
2 weeks, The few eguy Lugd alfter the sin-
gle large dose of Aruclor had shichiy IX%
thinner, and aguin egashell thickness was
normial after resumption of regulac luving
The period before ezg laying has been
noted to be increcused in the nnz dowz
(Peakall, unpublished). It is posuibie that
the mechanism involved i increased rate
of metabolism of circulating estradiol in
the liver (Peulall, 1970). Anderson et al.
(1969) had suggestive evidence that
PCBs affected egg-hell thickaess. al-
though to a less extent than DDE. Prc-
liminary results with ring doves support
this concfusion (Peakall, unpublished).

Levels of PCBs Found in Nature

Roburn (1963), compuring totzl chlorine
{by concentration cell techniques) with
results calculated from gas chromatuz-"-
raphy, found that some unhnown chlo¥ine

" compounds were present in several tissue

samples and eggs of wild birds in Great™:
Bntain. The first identification of thowe
materials was by Jenson and o s stared
(Anonymous, 1966) that residaes in feath:
ers collected in Sweden go back to 1941
PCB residues huve been reported in wild:
life from Canuada (Holdzn and Murwdon,
“1967: Anderson et al., 1969 Resnonds
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Y ABLE 2. Pathologic changes induced by PCHs

-1 ——
Troatmeal Animal Liver Kidney Poticatduim end Peritonpum Oh.w;:::ngh,.-;u Refrrances
$mgls o3l dote Guings Pig  Small lat droplets thrgugh - Essmntally normal No netaworthy Adrenals, spiesa, and Ml (1044}
o 89 mp {&2% cl) Rat fobules, alight to moderate changas pancieas showed no
Rabbat ceniteat strophy, focal aateworthy changes.
sacious naled ia 8 few
oniwals,
300 g daily fae Rat Cells swollen, hysting granules Bennett ot al. {1333)
& doyn {65% CI} presant most died vithin .
taw days.
B0 mg daily for Rat Enfarged {33 weightincrease), Beonzlt
wp to 8 months barge number of hyaline globuies
5% T I cytopiasm. Several died
duting erpesiment.
25.50, & 100 pp» Rat Increase in weight, ellect Stieet ot ol (I prass)
n det foc 18 mcreating with increasing
#oy3 (25-83° C! * ¢hioring tontent Araclor
Arecion) 1232-10%, 12£2-12%, 1254-
14%, 1268-24" »1 50 ppm.
100 pprrin diet Chicken No ellact Slight NicCuna at ot {1952
200 ppmiin diat Na effect Hydropevitardiu n
40D ppmin diat Enlasged and motted Hydropesicardiom
800 ppm in dist Camaged Darmaged Hydropericardium,
{Araclor 1242} hydroperitcasum,
Ealacged.
2003 "9 ppm Chicken Ho changts noted Palenass 5t 200 ppm, sxtensive  dncreased Nuid in Palzness of pancrats, en- Flick gt &), (1965)
W diet for 3 ) kemacthage, and entargement psricardiol sac at the largemont of adienal ard
waek: (32', Asocloi) at 400 ppm. higher concentraticn, senall 3plaen 88 low toncen.
. trations. At highat corcen-
teations pals crcam-calared
Peuciios, duichels BatOiregic,
Yaricua doses Brngalese No weight changes Weght was 32 4%, of krain Slight w sight incraase, Prgssu et ol linprasi}
{54% Ci. Aoctor) Fineh weight for controly and o faw showed liquid
’ $3.5% fer those dying n pericardial sac.
fram PCB poisening.
400 ppinin fist Chizksa Centeoinbalae necresis Tudular dilatanioa, lcompd. Hydroparicardium Increased parpypia. 87" Vas #od Koeai 1 (I press)
for 80 dupy feenpd 1 and 2). Livee t sod 2} Rare with tompd. 3. common with compds.  smad with reducuca of o putp
{s0% CI*) weight increased f:om : 1 and 2. Rare with end atophy of white b 1y {romd

2759/19d gred4.31 ¢/100
g icompd. 3). Farty degen-
eiation.

gompd. J. 1 and 2). Syieendacreas ! fom
0.145 ¢/100 515 0.133 4’1003

ecampd 3}

Sramaciar OF 3 campd 1), Caprom A30 tevmpd 2 ard Armcter 128 (compl 1) wara mand OMermmund tllacst saisd wndy tampd members A% thuioa) Sed oo comad | pad 2 werhms RD 2ovs 071y 1 3% menatry o3 c3agd l.,
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~ United Stutes (Andcrson et al,

1970), Germany (Fiuczynshi and Wend-
land, 1968: Koeman et al., 1967), Great
Britain, (Holmues et al,, 1967 Presst and
Jefferics, 1969; Preast et al., 1970: Holden
and Marsden, 1967), Netherlunds (Koe-
man et al,, 1967; 1969), Swcden (Anony-
mous, 1966: Jeasen et al, 1969), and the
1969;
Risebrough,

Risebrough et al., 1968:;

i969). .
Biologicul Magnilication

No detailed studies, such us those for
DDD at Clear Lake (Hunt and Bischofl,
1960) and DDT and its metabalites in
Luke Michigan (Hickey et ul., 1966), huve
yet been made for PCBs.

The most detailed studies currently
availuble are those of Jensen ¢t al. (1968).

962

The figures {mean, range of values, and
sample size) given in the tuble below are
taken from thzir puper,

PCBe (ppm i extraciadle Loty

Baliic Stuckholm Archipelsgo

Mussel 43(1.9-86) (400 $200470) (s
Hernng 68(n.5.23) (18 5.1 (3.3-8.9) (4
Seal M+ (N 30 {16-38) {3
Guillemot cgys 2301303605 9 ' —_

White-tailed Eagle

Potursl mucte —_ H,0NO (BT U0V { &)
Bran -—— 910 (490.150M (1
bp - M0 (H
Heron — oo ' [}

The levels in three species of fish in Clear
Lake in 1968 were 0.03-0.005 ppm (wet

weight) compared to 0.098 ppm in the
breast muscle of a4 western grebe (Rise-
brough et al., 1969). Anderson et ul. (196Y)
found thuat in most fish extracts the levels
of PCBs were less thun 0.1 ppm, whereus
the levels in the ¢zgs of cormucants (£ha-
{acrocorax auritus) were 329 ppm. Presst,
Jefferies, and Moore (uapublished) found
that the livers of fish-eating bird, in the
British Isles runged up to a maximum of
900 ppm (wet weight): bird [eedurs up to
70 ppm, mammal euters to 50 ppm. und
insectivores to | ppin. Unfurtunately. no
average ‘values or prey items were in-
cluded.

The physical properties of PCB und the
availible residue data clearly indcute
that these materiuls are capable of -
logical magnification up the food chan

BioScience Vel 20 No 473
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Ratio of DDT 1o PCB

Riscbrough ct al. (1968) und Risebrougn
(1970) have examined the ratio of total
DDT, i, DDT and s metabolites to
PCB. He huas found thuat the ratio DDT/
PCB wus |-2 tn San Francisco Bay and 5-
10 for scabirds in the Pacific: in the Gulf
of California, a region relatively remote
from contamiaution, the ratio was 9-10.
Vermeer (quoted in Reynolds, 1970) in
western Canada found a DDE/PCB ratio
of 7 for California gull tissues and {3 for
great bluc heron egys. [n the Bultic the
ratio was 1-2 (Jensen et al, 1969), al-
though slong thc west coast of Sweden
the ratio was as low as 0.13, In grebes in
the British Isles the ratio wus 0.4-08
(Presst and Jefferies, 1969). For sea-bird
eggs, Presst et al. (unpublished) found
rutios of 0.06tw 0.5.

The overall impruession is that the
smount of PCB in tissues tends to paral-
let that of DDE, at lcast in local ecosys-
tems, and the DDE/PCB ratio is lowest
near industrial areas suggesting that PCB
is not carried quite so readily to remote
areas, Nevertheless, the variation of the
rutio is small enough to suggest that the
routes of dispersal are similar. Since the
evidence points to aerial fallout as the
route of dispersal of the chlorinated hy-
diocarhon pesticides (Rischraveh et al |
1968, Frost, 1969), it is likely that this is
also the main route for PCBs. The path-
ways by which PCB» escupe into the eco-
system dre poorly known, although the
possibilities have been recently discussed
at some length (Risebrough, 1970; Rey-
nolds, 1970). Since a large number of
plasics and resins may contain PCBs
(Table 1), the most likely ruute is conmbus-
tion of these materials. This supposition
remains to be tested. The possibility that
PCBs could be derived from DDT should
also be conudered. The possibility that
this conversion occurs in lissue is most
unlikely for two reasons. First, it has never
been detected despite the detailed work
on the metaholism of DDT. Second, the
only mechasnism likely to give rise to a
biphenyl is via [ree radicals and this is

- unlikely to occur in tissue. However, in

the atmosphere wnder the influence of
UV light, such a breakdown is more prob-
sble. A possible resction is showa in
Figure . Tautomeric shilt could lead 1o
a vuricl'y ol isomcrs of dichlorophenyl,
but it is difficult to envision the formation
of more highly chlorinated biphenyls by
this route. Since PCBs extracted from
biological material match well with higher
Aroclors (i.e., 12534), it seems unlikely that
PCBs found in nature could be derived
from other materials.

Scptember {, 1970

Significance of Current Levels

In view of the similarity of PCB. 1o
DDT and its metubolites. the addition of
PCRB residues to the environment is rough-
ly equivalent to un increuse of DDE resi-
ducs: However, since a synergistic effect
of PCBs on DDT has been demonstrated
in insects (Tsao et ak, 1953), this pos.
sibility should not be overlooked in higher
organisms. The ensyme induction elfects
of PCBs have been well documented, and
carbunic anhydrase inhibition is likely,
The effect of PCBs on photosyuthesis is a
critical experiment that has not been
done. Wurster's (1968) experiments with
phytoplunkton should be repeated with
PCB:s.

The most critical arca for research on
PCBs is to discover the major source(s) of
escape into the environment. Legislative
control of a material escaping as a side
effect of its usc may have a different sct
of probicms than the controt of pesticides
which are broadcast us a function of their
normal use, The evidence suggests that it
is important to find the leak and stop it.
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