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Polychlorinated Biphenyls

Another Long-Life Wid@pread Chemical in the Environment

The cocent finding that pelagic birds
dying on the coasts of Great Britian had
polychlorinated biphenyls (PCBs) in their
livers in concenirations [of several hun-
dred paris per million (Boufne and Mead,
1969) shows that these cpmpounds are
present in the ecosystem [n Jarge emounts.
Thus, it seems worthwhile to summarize
and evaluate our curreft knowlodge of
these compounds.

Structursl and Physical Properties

The picture is complicatpd by the fact
that we are not dealing with » single com-
pound. The basic structure of PCBs is
shown in Figure 1. Any of the positions
marked with an x m;si- substituted by
chiorine. Widmark (1968) has calculated
that of the 210 possible dorbinations 102
are probable. His criteria for these lim-
itstions are those compqunds containing
five 10 cight chlorine atomj per molecule
snd the number of chiorine atoms per
ring differing by not morg than one

The commercially avpilable Aroclors
(M Company T k) are des-
ignated by numbers (Mofisanto Technical
Bulletins). The first 1wo digits represent
the molecular type: 12 zhlormned bn-
phenyls: 25 and 44 . blenfls of chi

the number of compounds present is, lor-
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tunately, much smaller than is th
ly possible.

PCBs are chemically inert, are not hy-
drolyzed by water, and resist slkalies,
acids, and corrosive chemicals. They have
low volatility, their boiling points ranging
from 278 C for Arocior 1221 to 415 C for
Aroclor 1268 (Penning, (930). All are
stable to prolonged heating at 150 C, and
the lowcv Aroclors can be distilled at

ic P! without appreciabl
decomponnon PCBs are describod as in-
soluble in water and very soluble in hydro-
carbon solvents, lllhou]h no exact figures

physical and

possibilities of these materials was de-
scribed by Penning (1930). PCBs are now
manufaciured by Monsanto in the United
States (Trade name Aroclor), Prodelée in
France (Phenochlor), and Bayer in Ger-
many (Colphen). Other manufscturers
are focated in Japan and the Soviet Union.
No figures of the amount of these malc.
rials p Ily are avai but
10 judge from the uses listed in Table 1
they may be very large. The uses listed in
the table are only suggesied applications
taken from Technical Bulletin 306 of the
M Chemical Company, and apain

appesr to be availabl hing is known
about the biologicat docomposition of
PCBs, but it is likely that they are more
stable than DDT and its metabolites since
they lack the sthane component between
the aromatic rings, which is the site of

there is no information on the extent to
which these recommendations are acied
upon by the manulacturers of plasiics
and resins.

The use of highly chlorinated Aroclors

action of most of the f of for ding the kill-life of formulstions
DDT. Tbus, PCBs h-ve the Yy g chlordane. sidrin, and dieldsin
phy and for arc under miscell appli-

persistence and accumulation up the food
chain,

Use of PCBs

Palvehl,

P i d hlphenyls were first de-

biphenyls end chlorinpted terphenyis
(78% biphenyl and 60% Dbiphenyi, re-
spectively): $4 - chlorinaipd terphenyls.
The last two digits give the weignt per
cent of chlorine. Thus, Ardclor 1242 is a
hlorinated biphenyl ping 42% chio-
rine. The biphenyls commercially avail-
able from Monsanto range from 2i% to
68% chlorine. Mass spectfographic studies
of Aroclor 1260 (Koeman et al.. 1969a)
show the prasence of L1 iomers: five con-
taining six chlorine stomg, five containing
seven chlorine atoms, angl dne containing
eight. Bagley et al. (1970), studying Aro-
clor 1254, found 18 compoiunds: one con-
tnining three chiorine atofns, four contain-
ing four chlorines, four containing five
chlorines. five containing six chlorines,
und four containing seven chlorines. Thus,

The suihon are curremly st the Longinuie Laboraior -, Cornelt
Usiveniy, Hihce, N.Y.
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u:nbvd in the literature in 1881 (Schmidt
and Shultz, 1881), and the successful com-
mercial production was achieved by the
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cations of Aroclors. This possibilits has
been considered in a number of papers.
Sullivan and Hornstein (1953), Hornstein
and Sullivan (1953), and Tsao ¢t al. (1953)
found that the chlorinated terphenyl Aro-
clor 5460 increased the residual persis-
tence of lindane. Tsao et al. (195)) consid-
erod that there was some indication that
chlorinated polyphenyl may have a syner-
gistic effect with lindane. Duda (1957)
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Fig. 1. Basic structure of PCBs (A) and possidie reactions of PCBe (D).
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sprayed elm saplings with & lindane Aro-
clor 3460 mixture (1:4) pnd then tested
the residual effect on the lqaves tu infes-
tation with elm leal le (Galerucella
xonthomeloena). He found that ieaves
trested with lindsne plup Aroclor were
protected longer and that the insecticidat
effect was more rapid than with lindane
ulone. Peaks corresponding to Aroclor
$460 have ot bocn detocted in the envi-
. under i of

and fi \ ly used

for pn chvomu\olupl'nJ #nalysis these

compounds would not beidcmud (Reyn-

olds, 1970).

Nearly 25 years ago it was noted that
Aroclor 1242 was one of 18 compounds
out of 6000 tested thaj was effoctive
againgt mosquilo (Aegyps) larvae {Deon-
ier o1 al., 1946). Lichtensicin et al. (1969)
tested the effect of nddi}.l’ s variety of
biphenyls and terphenyls fo DDT and di
eldrin with respoct to their toxicity to
house and fruit Mies. It (was found that
PCBs had very low toxicity to house flies
when given alone bul PCHs increased the

2) Sepe . The chemical techni

preliminary to quantitation of residues in
samples contsining both PCBs and chlo-
rinated hydrocarbon pesticides fall into
two groups—those necessilating the de-
struction or alteration of one or more of
the compounds, and those which do not.

Included in the lirst group is nitration.
Treatment with & 1:1 mixture of sulfuric
acid nitric acid at 0 C for 5 min destroys
or alters aldrin, p,p'-DDE. p.p’-DDD
(TDE), p.p’-DDT, and dicldrin such that
they can no longer be detected st the
original position on the ch

of
tests.

Saponification with alcoholic NaOH or
KOH will dehyrodrochlorinate Perthane,
Toxaphene, DDD, and DDT to their re-
spective  olefins (Archer and Crosdy.
1966; Klein and Watts, 1964). Risebrough
et al. (1969) reported that PCB peaks are
not removed or displaced bul gave no
data.

The second, and in some instances
more desirable, group of anslytical tech-
niques allows lhe weml up-uuon o{

parating DDT and PCB for further

This procedure feaves unalffected PCI
lindane, and BHC (Jensen und Widmark,
1967). A more rigorous nitration with &
1:1 mixture of sulfuric acid-fuming nitric
acid for 15 min 8t room temperature re-
moves, in addition to DDT and its related
products, aldrin, heptachlor, Kelthune,
Perthane, Tedion, Telodrin, and Trithion
while lindane, heplachlor epoxide, tona-
phene. and Sirobsnc are not removed
(Erro et al., 1967). Risebrough et al. (1969}
reporied that this nitration aiso removed

toxicity of dieldrin and DDT, especiall
the latter. The effecti of these com.
pounds decreused us the ghlorinated level
increased. For example, Aroclor 12N in-
creased the morulity of (fruit flies from
59% to 9)%, whercas Avoclor (268 in-
creased it to only 77%.

Anslytical Methods

1) Identification. Since various com.
pounds with eleciron-capturing properties
have becn tentutively ideftified in atmo-
spheric sampies in the past (Abbott et al.,
1966), and some pesticide} dre capadle of
hybridizing in the soil 1o form e new com-
pound (Barthu, 1969), it it important that
the presence of PCBs in field samples be
proven beyond doubt. Igetification by
means of a combination of high resolution
gus chromutography and mpss spectrom-
etry has bech carried wl:y three inde-

pendent laboratories in | Sweden (Wid-
mark, 1967), Holland (Koeman et al.,
19698), and the United States (Bagley et
b, 1970). Widmark's repdrt states that all
peaks were identificd by mhss spectrom
ety (although no deta wete given), but
Koemsn and co-workers
menul dmiln. and Bagley e al. (1970)

d thet most ¢ch¢micals in the
cagle samples examined were components
of Aroclor 1254. Thus, ie 2 recent
statement by the Mongadto Chemicul
Company (in Riscbrough, 1970) that the
case for labeling the peaks in question us

PCBs was not proven, (here is enough
evidence to convince an ynbaised scienti-
fic jury.

Sepiember 1, 1970

gave full experic f

the ch graplic peaks of PCBs. Rey-
nolds (1969) reported that his attempts to
nitrate samples were not fully successful
in that there appeared 10 be loss of some
of the more volatile PCBs while pesks
with longer retention times appeared.
Armour and Burke (1969) reported that
complex chromatograms resuited afer
nitration which could not be related to the
unrcacted DDT-PCB minture, and nitra-
tion was not pursued as a practical means

many chlori

from PCBs. Rey»old: {1969, 1970) re-
poried on an activated Florisil column

hns which d h
uuinn. DDE. and PCD with the first elu-
tion (60 mi n-hexane) from lindune. hep-
tuchlor eporide. DDD, and DDT with the
second elution (40 mi 50% ethyl ether in
hexane). Armour and Burke (1970) devel-
oped 4 method utilizing a silicic acid-
Celite column cluting aldrin and PCB
with the first fraction (250 mi petsoleum
ether), and lindane. hepiachlor, heptu-
chlor epoxide, dieldrin, endrin. p.p'-
DDE. o,p'-DDT, p.p'-DDT. and pp'
DDD wilh the second fraction (200 ml
itrile hexune hyl chiorid

1:19:80). Koeman ¢ al. (IM-) using an
activated Fiorisil column, eluted the apo-
lar compounds including DDt and PCB
with hexane, and then dieldrin and endrin
with 10% diethyl ether in hexane. Mul-
hern (1968) reporied on a method which
utihized silica gel-coated thin-layer plates
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and & bexane/ethyl ether (93.2) rolvent
systom. Tho plates wepe developed,
opreyed with o sllver niteate polution, and
€xposed 10 UV light. The plates were then
divided into five borizontpl sections. Di-
sldrin, endrin, v-lﬂf. heptachior
sponide, p,p'-DDD, pp’-DDT, op’-
DDT, snd p,p'-DDE (in that order) were
found in the firn four (ractions, whilc
most of the interfering compounds found
in wildlife samples wers found in the Mifth
z0n¢. Bagiey ot al. (1970) peed this meth-
od bul mentioned that zpnes throc and
four contained practically all unknown
components as weil as p,p’-DDT (zone
three) and p,p’-DDE (zone four). Armour
and Burke (1969) used precoated (alu-
minum oxide) shoets and n-heptane and
2% acetone/n-heplane for solvent sys-
toms, PCBs (Aroclors 1254 and 1260) and
DDE were not separated, but p,p’-DDT
and pp'-DDD were opmpictely sep-
srated from PCB by both folvent systems.
Another possidle means of Qcp-uunl in-
teriering substances is to}\ne a series of
dillering polarity columns in the gas chro-
matograph at the time of determination.
This is Jess time consuming end may be
useful when operating copditions can be
seloctod such that PCB peaks are absent
in the reglon where sought peslicides
emerge (Simmons and Tajton, 1967).

!) Qu-mlmioa, Koem n et al. (19693)
d the resid
in hpomu qwll fed mwcbm DN by

fact many of the original sampies con-
tained litlle or no p,p’ DDT, it was pos-
sible to estimate relative PCB values.
Anderson and his co-workers also saponi-
fied sanipies 10 remove interfering p.p'-
DDT and p.p’-TDE and then quantitated
PCBs as Aroclor 1254 by relating sample
peaks 9 aad 10 to the corresponding peaks
of an Aroclor 1254 standard. Reynolds
(1970) empioyed a method simil
Koeman et al. (1969a) but based'his
litation on an average of two or more
peaks. In addition, his results were re-
ported as Aroctor 1254 or 1260 depending
on (he overall paitern of the chroma-
tographic peak profile. It is clear that we
arc still relatively unsophisticated in our
rc- quantitation methodology and will
1o osti only relative

eporide g
of the amml “valuss. Itlou and alter
values lor p,p’-DDE and dieddrin were
not significantly different. Obriously, the
magnitude of error may vary depending
on the trophic level sampled and certainly
with the ares from which a sample is col-
lected (Riscbrough o al., 1968, Jensen ot
al., 1969). Since the publishing of ade-
quate scparation techniques, there is no
reason why there should be any esror in
pesticide quantitation contributed by
PChs.

Toxicelogy

Despite some recent studies, the toni-
cology of PCBs remains rather poorly
known as d to that of the chio-

of PCBs in field samples until we synthe-
size the individual PCB components com-

rinsted hydrocarbon pesticides. For ex-
ample, no definite work has been done 10
blith LD50 values for the various

monly found in the y and are
able to speak in terms of these individual
peaks a3 we do for most posticide residues.
However, it has been kindly pointed out
(Riscbrough, pers. comm.) that, with ref-
erence 10 biologica! significance, the cor-
rect order of magnitude and accurate rela-
tive amounts of PCB give the essential
information. This is because biological
effects, such as en2yme induction, are re-
lated to degree of chlorination, and the
existing methods give some indication of
this activity. Therefore, that information
would be lost rf siress were placed only
upon q dividual peaks.

wsing one of the peaks in 8 p
DP6 misture as & standgrd. Ri

4) M. d oj Error. Ever since PCB

(1969) quantitsted relative lovels of PCD:
by asseming that each PCB compound
produced the same peak height with the
clectron capture delecto} s the same
amoum by weight of p,p’-DDE. After
summing the heights of the individual
peaks, the lotal was muliipiied by a factor
derived Irom malmcu of standard
solutions with electron capture and micro-
coulometric detectors. Jensen et al. (1969)
reporied PCB amounts af the sum of ali
PCB components and bajed the astimate
on a combination of mass spx etry
and mi ) ic and el cap-

peaks were recognized for what they are,
mndue chemists nd other rescarchers

d in id id have
asked what munllude of error is likely to
result from ignoring the presence of
PCBs. Only recently have studics sither
directly or indirectly resulted in an esti-
mate of this error. Anderson et al. (1969)
quantitated p,p’-DDE, p.p’-DDD, and
p.p’-DDT in five egg samples before and
after nponiﬁcntion. There was no appre-
ciable change in the p,p'-DDE, but sp-
parent p,p '-DDD was reduced by ap-
ly $8% and p.p’-DDT by 90%.

ture detaction. Even wilh this claborate
approach, these investigalors suggest that
the method is still rough hnd may be cor-
rect only within a factor of 2. Anderson et

Reynolds (1970) looked at & large number
of samples before and after his PCB-
Flogisil upnuon and found that the
actual p,p’- DDD residue (relative 10 the
d from O 10

al. (1969) devised 3 methpd for
a crude estimate of PCB pesidues as Aro-
clor 1254 from ch where sep-
eration had not been atiempred. On .an
empirical basis, it was foynd that Aroclor
1254 oould be qulnlim 3 by considering
poak 10 as p,p’-DDT and mulnplym that
value by 10. Since thic pegk 'had originatly
been quantitated as p.p - -bDT, and in

N

75 in California tull (Larw occidentalis)
fat, 0% in cormorant (PAolacrocorex aun-
tus) oggs. $0% in 10 pooled mallard (Anas
Pplatyrkynchos) duck oggs. and from O to
104% in grest blue heron (Ardea cinerea)
eggs. Raspective values for pp’-DDT
were 0 to $3%, 1310 41%, 100%, and 18 to
102%. Actual residuc levels of heptachior

formulations of PCBs.

1) Acute, single dose experiments.
Tucker and Crabtree (1970) found that o
single dose of 100 mg/kg Arocior 1254
(stomach tubed in 0il) was {atal 10 two out
of three rats, while 500 mg/kg was not
fatal 10 three rats. Aroctor 1268 killed one
a1 out of threc at 500 mg/kg. 1000 mg/
kg, 2000 mg/kg. and 4000 mg/kg. Smyth
(1931) found that a 4 g/kg (degree of chio-
rination not stated) was nontonic Lo guinea
pigs and rabbits, but this appears to be
due 10 the fact that materisl which was
given as a paste passed through the intes-
tine unabsorbed. Tucker and Crabirec
(1970) found that Aroclor 1242, 1254,
1260, and 1268 at a dose of 2000 mg/kg
was not fatal to mallard ducks (lour
groups of three birds each).

2) Acuie, feeding experimenis. Mon-
santo Bulletin 306 states thet 100 ppm
dict had no elfect on rats, sithough no
details of the studies were given. The ex-
periments of Bennett ot al. (1938) in which
0.05 g/rat of 65% chlorine biphenyl was
given orally every other day led to 0%
mortality. If one sssumes & body weight
of 200 g, then the alternate day dose is
roughly 250 mg/kg, which can be com-
pared 10 oral LDSO for DDT of 113 mg/kg
(Frear, 1968). Miller (1944) found that
two oral doses of 69 mg of 42% chiorine
biphenyl a woek apart were fatal 10 guinca
Pigs. Al an sslimated body weight of 400
8. this gives a dose of 170 mg/kg. Tucker
and Crabtree (1970) fod rats diets contain-
ing 10 and 1000 ppm Aroclor 1254. One
rat out of six oa the fow dose died: this
mortality was considersd to be due to
other causes. Four out of four of the high
group died within 53 days and the cal-
culatod intake was 1330-1520 mg/kg. The

BioScionce Vol. 20 No 17
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food intake of the 1000 jppm gronp was
only 79% of the control group.
Presst & al. (1970) haye examired the
tonicity of Aroclor 1254 to Bengalese
finches (Lonchure striata). This is & diffi-
cult species for which {o calculate the
dictary intake. Due (0 thele dependence
upon unshelled food, it is opy possidlc to
present the PCB-taden food for a few
hours & day (Jeflcries, (1967). Loss by
evaporation and loss by gpillage must be
allowed for. and increase 9f weight by def-
ocation must be kept to & minimum.
Thus, the calculatod dietary intake is sub-
ject to more error than is Nsually the case.
Presst et al. (1970) aiso measured the con-
centration of PCBs in [the liver. they
found that the range was large (i.e., 70-

excess of 2000 ppm. This linding is in
agreement with the findings of Dale,
Stickel, and co-workers that the brein
levels are the best indication of scute
toxic levels.

MoCune ot al. (1962) found no mor-
tality with chickens fed 100 or 200 ppm
Aroclor 1242 in their dict for & 4-week
period. On diets of 400 ppm and 800 ppm,
the morialities over a 4-week period were,
respectively, 0% and 90%. During the
first 3 weeks, the mortality figures were
10% and 50%, respectively. Flick et al.
(1965), using the same material at 400
ppm in the diet, had three birds out of 24
dic in a Y-week period. Koeman et al.
(19692) found that a diet containing 2000
ppm Phenoclor DP6 caused compiete

697 ppm in birds that died pared to
3-6M ppm in those that supvived). These
authors conclude that Afoclor 1254 has
only 1/13 the toxicity of DOT, although
the difisrent shape ol the mortality
cutves - sleep with DDT, .gradual with
PCO -makes parison difficult. Jef-
feries and Walker (1966) Jound goud cor-
relation between calculated wietary intake
and liver concentrations for pp’-DLT in
the Bengalese finch. However, other
workers (Dale et al.. 196): Sticke! ! al..
1966; Stickel and Stickel, [1969) have con-
sidered that levels in the brain are a more
reliable index of toxic levgls than those in
the liver or whole carcass,

De Vos and Koeman (I1P70) fed Pheno-
clor DP$, Clophen A60, ad Aroclor 1260
10 chickens at a dosage of ppm. Mor-
tulity was complete (20/26) for those birds
on Phenoclor in 12-58 days and in 13-29
days for Clophen. The martality for Aro-
clos was only 3/20 for ) 60-duy penod
This ial effect ll plained and
is surprising in vicw of the fact that all
three formulations contaip 50% chiorine.
These workers measured the residue fev-
¢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 brain levels
were betwoen 210 and 420 ppm. which
can be compared to ppm for DDT

(Stickel ot al., 1966). On (h¢ basis of this
work, PCB is 1/4-1/5 as 1oxic as DDT.
Liule difference was notgd betwoen the
throe differont PCB fo{mulationr, al-
though the numbers of |determinations
involved was rather small, If this finding
is borne out by subsequent work, it would
suggest that dillerential absprption from
the gut or differential penetration of the
blood brain barrier is invglived. The liver
values were more variablc. There was »
considerable number in the 200-400 ppm
range, but there were seyeral values in

Sepiember 1, 1970

lity with J quail (5/5) in 5-

13 days lnd rats (l/l) in 1-56 days.
Schoettger (unpublished) found that the
9-hr TLm for Aroclor 122} using cut-
throat trout was 1.2 mg/| and for Aroclor
1260 was 609 mg/l. In general, they
found that the toxicity of Aroclors was
inversely proportionpl to their percentage

hexobarbital, in vitro rates of aniline hy-
droxylation and demethylation of p-mitro-
snisole, and the rate of excretion of
dieldrin. These workers studied 10 com-
pounds ranging in chloring contemt from
21% 1o 68% and found that all the effects
increased with increasing chlorine ocon-
tent. For exampls, 50 ppm of Arocior
1221 reduced hexobarbital slesping time
by 11%, wheress for Aroclor 1248 and
1268 the figures were, respeciively, 3%
ond 48%. Thus, the sublethal offects have
direct correlation with chlorine content,
while the leths! effects appesr 10 be in-
verscly correlated (Tucker and Crabiree,
in press). Lincer and Peakail (1970) noted
an increase of the in vitro rate of metabo-
lism of cstradiol in kestrels fod 0.5 and
5 ppm Aroclor 1254 in their diet and also
d levels of cytopl
mic RNA with the higher dnnry level
using a cytophotometric technique.
Tucker (unpublished) found that a sin-
gle oral dose of 500 mg/kg Aroclor 1254
caused regular cgg laying of Japanese
quail (Coturnix coturnix) to temn first to

chiorination and directly proporti to
their solubilities. These ligures suggest
that PCBs are two to three orders of mag-
nitude fess toxic to fish than DDT. Work
by Lichtenstcin et al. (1969) on house and
fruit flies found thet PCBs were 40-300
times less toxic than DDT, the toxicity
decreasing as the chlorine content in-
creases. Thus, it appears that the lower
veriebrates and invertebrates are much
less susceptible thun mammals to direct
toxicity from PCBs

3) Sublethal effecis. As with the chio-
rinated hydrocarbon pesticides, the most
important effects are long-range sublethal

g8 p! and thes to stop
completely for a week. The scaitered eggs
had shells 9% thinner than mormal, but
thickness returned to control values when
regular laying was resumed. Mallard
ducks dosed with 1000 mg/kg of Aroclor
iaid one or no eggs before siopping for |-
2 weeks. The few aggs laid afier the sin-
glc large dose of Aroclor had shells 13%
thinner, and ageain eggshell thickness was
normal after resumption of regular laying.
The period before sgg laying has been
noted 1o be increased in the ring dove
(Peakall, \mwbluhd) I| u wulble that
the h dis d rate

effects. The pathologic changes in various
organs are summanzed in Table 2. The
table shows some interesting differences
between mammals and birds. The most
striking finds in mammals are sherations
to the liver, whereas fluid in the peri-
cardial sac, kidney damage, and reduced
spieen was found in birds.

McLaughtin et al. (1963) found that 25
mg Aroclor 1242 injected into the yolk
sac of chicken eggs caused complete mor-
tality, whereas 10 mg caused 95% [silure
and teratogenctic effects were noted
among the young that hatched (beak
deformity, edema, and growth retardant).

induction of hepatic hydroxylating en-
zymes has been demonstrated in the pi-
geon (Risebrough et al., 1968), rat (Street
et al., 1969), and American kestrel (Falco
sparverius) (Lincer and Peakall, 1970).
Street and co.workers studied the effects
of a diet of 50 ppm und 100 ppm on sleep-
ing tie induced by a standard dosc of

MONS

of bolism of ci i ol in
the liver (Peakall, 1970). Andmon o al.
(1969) had suggestive evidence that
PCBs affected eggshell (hickness, al-
though 10 a less extent than DDE. Pre-
liminary resuits with ting doves umn
this lusion (Peakall,

Levels of PCDs Found In Nature

Roburn( I%S), comparing IMII chlorine
(by coll q with
results caiculated from gas chromatog-
raphy, found that some unknown chlorine
compounds were present in several tissue
samples and eggs of wild birds in Great
Britain. The first identification of these
materials was by Jensen and it is stated
{Anonymous, 1966) that residues in feath-
ers collected in Sweden go back to 1944,
PCB residues have been reported in witd-
life from Canada (Holden and Marsden,
1967: Anderson &t al, 1969; Reynolds,

1
083920 %



TASLE 2. Pethaloghs shenges induced by PCBs
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1970), Germany (Fiuczyngki and \Vend-  The figures (mean, range of vaiues, and  weight) compared to 0.098 ppm in the
lund. 1968; Koeman et al., 1967), Great  sample size) given in the table below are  breast muscle of a western grebe (Rise-

Britain, (Holmes & al., 1P67; Pressi sed
Jelferies, 1969: Presst ot of., 1970: Holden
snd Marsden, 1967), N snds (Koe-
man ot al,, 1967; 1969), :E-; (Anony-
mous, 1966: Jensen et ol. 1969), and the
United Stetes (Andersor et al., 1969:
Risebrough ¢t ul.. 1968: Risebrough,
1969)...

No detailed studies, s
DOD ut Clear Lake (Hum and Bischofl,
1960) und DDT und ilsf Teubolilcs in
Luke Michigun (Hickey et al., 1966), Lave
yet boen mude for PCD:L

The most detailed studies curcently
availuble ure those of Jen (cn et al. (1969).

962

taken from their paper.

PO ppm 1n extractabie fat}

Bakic ockhoim Archipeings
Mussel | 4306 W0 32004700 (1%
Herring SHOS UB 10349 (K]
Sos! MUsM) (B WVOeM) (]
Ovilleme! agpn 230140 MOK %) -
Whke-1sied Esghe
Puctors! muscie - 14,000 (8400-17.0001 { 4)
Sram 010409013000 ( %)
e - 3012509000 (%
Heren - 0 tn

The levels in three species of fish in Clear
Lake in (968 were 0.03-0.005 ppm (wet

MONS

hrough ct al., 1969). Anderson et al. {1969)
found that in most lish extracts the levels
of PCBs were less than 0.1 ppm, whereas
the levels in the eggs of cormorants (Phe-
lacrocorax auritus) were 5-9 ppm. Presst,
Jefferies, and Moore (unpublished) found
that the livers of fish-eating birds in the
British Isiss ranged up to & maximum of
900 ppm (wet weight), bird feeders up 10
70 ppm. mammal caters to 0 ppm, and
insectivores to | ppm. Unfortunately, no
averuge values or prey items were in-
cluded.

The physicat properties of PCB and the
svailable residuc data clearly indicate
that these maicrialy are capable of bio-
logical magnification up the food chain.

BioScience Vol. 20 No. 17
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Ratle of DDT & PCB

Risedrough ot o), (l’tl) and Risebrough
(1970) have éxamined _rtie of totel
PDT, L., DDT and it metadolites to
PCO. Hs has found thet lthe retio DDT/
PCB was 1-2 in San Francisco Bay and S
10 for sesbirds in the Patific: in the Oulf
of California, & region rdiatively remote
from conlamination, the ratio was 9-10,
Vermess (quoted in Reyndlds, 1970) in
waestera Canada found a DDE/PCS ratio
of 7 for California gull tissyes and 13 for
great blue heron eggs. | m Baltic the
matio was )-2 (Jensen ., 1969), al-
though slong the west m of Sweden
the ratio was as low a5 0.15. in grebes in
the British Isles the rdtio was 0403
(Presst and Jefferies, 1969). For sea-bird
ogps. Prasst et al. (unpublishod) found
retios of 0.06 10 0.5.

The overall impression is that the
amount of PCB in tissucs tends to parel-
Ioi that of DDE, at least in locel acosys-
toms, and the DDE/PCP ratio is lowest
near indusirial areas suggesting that PCB
is not carried quite so reafiily to remote
sreas. Nevertholess, tbeivqrhﬂoa ol the
ratio is small enough 10 s i tast the
routes of dispersal are sjmilar. Since the
evidence points to aerigl fallout s the
rovte of dispersal of th¢ chlorinated hy-
drocarbon pesticides (Rjsebrough et af.,
1968: Frost, 1969), it is Jikely that this is
aho the main route for PCBs. The path
ways by which PCBs escape into the eco-
sysem are poorly known, although the
possibilitios have been tly divcussed
at some length (Riseb , 1970; Rey-
#olds, 1970). Since a large number of
plastics and resins may contsin PCBs
(Tabie 1), the moat likely rqutc is combus-
tion of these materials. [This supposition
romains 10 be tesicd. The possibility that
PCBs could be derived from DDT should
alo be considered. possibility that
this conversion occurs in tiwwe is most
wnlikely for two ressons. Firel, it has never
boon detocted deapite the dueiled work
on the metabolism of DDT. Second, the
only mechanhm likely (o give riss to o
ichls and this is
ud. Howsvor, in
the phers under bhe infh of
uy Ilm.mh 4 breskdown is more prob-
able. A possible reaction is shown in
Figure 1. Tautomeric shift could lead to
o variety of isomers of dichlorophenyi,
bt it is difficult to envision the formation
of more highly chlorinaled biphenyls by
this route. Sincc PCBe eatractod from
biological material match well with higher
Aroctors (i.c., 1234), it seers unlikely that
PCBe found in neture Gobld be derived
from other materials.

Keetember | 1070

Significance of Curvent Levels

_1n view of ibe similarity of PChs 10
DDT and its bolites, the addition of

cide residue saalysis. F.D, A Leborstory In-

PCB residues (0 the environment is rough-
Jy oquivalent 10 an increase of DDE resi-
dues. Howeves, since 8 lynewmc -Ilocl
of PCBs on DDT has boen &

formation Bull. No. 918, 11 p.
Anal. Chem. (in prens).

z, O Eo WL, Roichel, s . Crommanie
1970. |dentification of polychlerinsied bi-
phesyle in two baid sagles by combinad ges-

in insects (Tsao &t al., 1953), this pos-
sidility should not be overlooked in higher

i The enzyme ind: effects.
of PCls hnvt been well documented, and
hibition is likely.

The effect of PCBs on photosynthesis is o
critical experiment that has not been
done. Wurster's (1968) experiments with
phytoplankion should be repeated with
PCHs

The most critical arca for rescarch on
PCBs is to discover the major source(s) of
escape into the environment. Legislative
control of & meterial escaping as & side
cffect of its use may have a different set
of problems than the control of pesticides
which are broadcast as & function of their
normal use. The evidence suggosts thet it
is importamt to find the leak and stop it.
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