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ARTICLES OF GENERAL INTEREST

IF ALL THE SEA WERE PCB . ., .

The polychiorinaled biphenyls (PCBs) have now well and truly lined up'with DDT and

sposiuim. mercury in the ranks of materiais recognized as :mportant environmental contamnants.
The qualifications for membership of Lhis group are widespread occurrence, relatively high
Hamster, toxicily and, most unporianily, non-biodegradability. The PCBs score well in all these
calegories, a fact borne out by the large number of review articies wrilted on the subject
m, 1972, of PCB pollution dunng Lhe past year or so (Edwards, Chemy Ind. 1971, p.'1340; Peakall &
Lincer, BioScience 1970, 20, 958, Hammond, Science, N.Y. 1972, 175, 155; Tinker, New
- Scient & Sci J 1971, 50, 16). )

* British In simple terms, the problem seems to be that the PCBs, used inter alia as plasiicizers
i. Unwin angd solvents in painls, sealants, adhesives and printing inks, are escapng 1010 the egvsron-
ment, probably from sewage combined with industrial efluent, and are slowly accumu-
Aited by lating 1n rivers and sea areas. The siructure of the biological food-chains then ensures that
sme. these PCBs are widely distributed throughout the amumal kingdom, including man Thus
much is fact (Cited in F.CT. 1971, 9, 568). The exact toxicological significance of PCB
Iand I1. residues is not fully understoed, however, although any marked accumulation of even a
Ratkovi. meiabolically inert compound must be considered cause for concern, This concern was
me, somewhat alleviated last year by the decision of the Monsanto group, sole producers of
». Plenum PCBs in the USA and the UK, to restrict PCB sales to those destined for use 1n enclosed
applications, such as capacitors and transéormers, providing a minimal possibility of leakage
inlo the environmen! (tbid 1971, 9, 571) As PCBs have been known to cause potsoning tn
im Press, | man (Kuratsune et al. HSMHA Hith Reps 1971, 86, 1083) and as they are clearly accumu-
[ lating in the environment from sorne of the less controliable sources, this decision represents

W First an important advance in reducing the potential hazard proffered by these compounds

Levels of PCB residues

A C}b& Aquatic animals and the birds feeding on them are the obvious material to use as a
ed Scien- " starting point for a survey of PCB contamination Furthermore, as the PCBs, especially the

more highly chlonnated ones, have an extremely low solubility 1n water, one would expect
them to be principally associated with the sediment on the bottom of seas and to enter into
food chains via bottom-living organisms.

Practical verification of this theory has come from Escambia Bay, Fionda, where PCB
residues of up to 120 and | 5 ppm have been found 1n shamps and crabs respectively
(Nimmo er al. Nawure, Lond. 1971, 231, 50). The PCBs, which were mainly located in the
sediments of the bay, oniginated from an up-strcam chemical plant. Samples taken from
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132 ARTICLES OF GENERAL INTEREST

places up-stream from the plant were unpotluted Experimenial work. invelving exposure
of shrimps and crabs to polluied sediment 1n the laboratory for 30 days. confirined that
both species were capabie of absorbing PCBs from tlfeir environment to such an extent that
the final residue level 1n the arimals after 30 days often exceeded that in the sediment
iself. A similar conclusion was reached by Wildish & Zitko (Mar. Biol 1971, 9, 213),
using the small shrimp, Gommarus oceanicus. In this case, exposure was for shorier pefiods
measured in hours rather than days. The uptake of PCBs was found to depend on both
the external PCB concentranion and the total exposure period. but after 4 hours there
was a reduction in the rate of uptake ln another study (Sanders & Chandler, Bufl env.
contam. & Toxicol. (U.5) 1972, 7, 257), eight invertebrale speuies. including shrimps,
crayfish and several types of immature aquatic insect, were exposed to PCB a1 concen-
trations below 3 ppb*. a level sirular to that found in the waters of Escambia Bay After
exposure for 4 days. total body concentrations ranged from 02 ppm (n crayfish to 16 ppm
1n the glass shomp and 52 ppm in daphnia In scud (Gammarus pseudoinnnacus) exposed
to 16 ppm PCB, the concentration in the organism reached equilibrium in |4 days and was
then 27,500 times higher than the concentration 1n the water,

As one might expect, the levels found in fish are somewhat less, most commonly (n the
0-1 ppm range. In a Canadian survey of fish taken from lakes, rivers and the sea and reported
by Zitko (1bid 1971, 6, 464), values of 0-3-0-4 ppm were most comumon but levels up to | 01
ppm were recorded for some samples. Much higher residue levels were seen in fish kept
expenimentally in water contaiming known concentrations of PCBs (Hansen er a/ ibid
1971, 6, 113). For example, a concentration of 5 ppb resulted 1n levels of over 100 ppm in
both pinfish and spot; furtherrnore this concentration was fatal to some 50-60%, of the
fish A level of | ppb PCB was tolerated, however, even though residue levels of around
30 ppm were recorded after J0 days and the livers of these animals contained uwp to 200 ppm
PCB. Interestingly, afier 84 days 1n non-polluted water, the PCB levels of the whole fish
fell by some 739,

Similar figures have been reported 1n a review of PCB contamination by Zitko & Choi
(Fisheries Research Board of Canada Technical Report no. 272, 1971). Once again the
levels in fish were generally less than | ppm, although occasionaily figures as high as
10-20 ppm were recorded from waterd near highly industrial areas. In agquatic birds, and
especially their eggs, higher levels were found, figures of I-10 ppm being not uncommon
Fish-eating birds seem to have particularly lugh PCB levels, occasionally in excess of
100 ppm. Other ammals have also been shown to accumulate PCBs The biubber of grey
seals, for instance, commonly contains 10-50 ppm PCB, and one sample was found to
have a level as high as 1800 ppm. Of greater importance to man, however, 1s the finding of
up to 3 ppm PPCBs in some commercial fish oils and of 0 18, 0-2} and 0-47 ppm (n mar-
garines manufactured, respectively, from 1009, vegetable oils and 60 and 302 marine
oils,

In view of the known environmental contamination, it is not surprising that PCBs are
to be found 1in man. Two samples of adipose tissue analysed by Biros et al (Buil env.
contans, & Toxicol. (U.5) 1970, 5, 317) yielded 200 and 600 ppm PCB and further work
has detected PCBs at a concentration of 0 [03 ug/mi (or 3 5§ ppm based on the mitk fat) in
buman milk. ln the latter case, faity ussue was also examined and found to contain 5 7 ppm
PCB (Acker & Schulte, Naturwissenschaftert 1970, S7, 497). However, a survey of 79
lactating women, 32 from villages in New Guinea and 47 from cities in Texas, failed to
* b = 0% chroughout lus article.
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exposure i confirm these findings gDyment er al. Bull. env. contam. & Toxicol. (U.5.) 1971, 6, 532)
‘med that ‘ While residues of chlorinated hydrocarbon pesticides were present, there was no evidence
xten{ that i of PCBs in the milk of any of these women
_“;?"Z"f;;f Toxcity of PCBs
“t periods . The resuits of Hansen er al. (loc cir ) suggest that the threshold of tougcity of the PCBs
{on boih : to fish lres around 1 ppb. The pink shnimp, Penaeus ducrarum, seems equally sensiuve
urs [here : (Nimmo et al. Mar. Biol, 1971, 11, 191). The adults were killed within 17-53 days by
Sult eny. Aroclor 1254 concentrations of from 2-4-4-3 ppb, but the juvenile shrimps were found to
shrimps, be less resistant and faded to tolerate even | ppb There were indications that a stmilar
coucen- mcrease in susceptibility to PCBs occurred during moulting. Accumulation {up to 510 ppm)
ay After occurred 1n the hepatopancreas of the antmals but subsequently the maierial was trans-
o l6ppm ferred to other uissues and eventually lost, There was very little indication of how or why
exposed the animals died, but 11 pitre inhibuion of fish ATPase by PCBs was recently reported
and was (Yap ef al. Nature, Lond 1971, 233, 61, Desaiah et 2l Biochem Pharmac. 1972, 11, 857)
l and the possibility that this may also occur in vivo perhaps deserves {urther study.
iy in the ! The signs of PCB poisoniug are more apparent in birds. For example, chicks fed a diet
reporied contamning known quantities of PCB have presented with a characteristic group of reac-
pto 101 f tions, Levels of 100~150 ppm PCB (Aroclor 1248) in the diet for up to 5 wk have been shown
fish kept to depress weight gain, cause oedema, breathlessness, hydropericardium and internal
*al. ibid haemorrhages, depress secondary sexual charactenstics and increase liver weight (Rehfeld
Yppm in ' et al. Poulr. Sei. 1971, 50, 1090). At 50 ppm these effects were less marked and at 10 ppm
% of the ] they were absent, Month-old cockerels fed a diet containing 500 ppm Aroclor 1254 for
T around | up to 12 weeks showed a significant decrease in the size of combs and testicles, a reduction
200 ppm | in body weight, an increase tn liver weight and an accumulation of PCB principally in
hole fish adipose tissue, kidney, liver, brain, muscle and blood (Platonow & Funnell, Can, J -
comp. Med 1972, 36, 89) Tissue levels increased linearly with tme Behavioural effects
& Choi have been seen in caged robins receiving as little as 5 ug PCB (Clophen A50) daily, how-
gain the ever. Afiler 20 or so days of treatment, the experimental birds were significantly more
high as active than the controls and residue levels 1n breast muscle (0-1-0-4 ppm) were four times
tds, and ’ higher (Ulfstrand er of. Nature, Lond. 1971, 231, 467).
ommon ! Onher effects of PCBs 1n birds include an increase wn susceptibility to virat hepanius seen
acess of in ducks challenged with the virus 5 days after the termination of a 10-day course of fecding
of grey : with diets containing 25-100 ppm Aroclor 1254 (Friend & Trainer, Science, N. Y. 1970, 170,
ound to 1314). In pigeons and quais fed wheat dfessed with 250-500 ppm Aroclor 1242 or 1254
ndtng of for 2028 days, restdue levels have been found varying from over 100 ppm in fat to less
It mar- than |0 ppm in heart and brawm (Bailey & Bunyan, Nature, Lond, 1972, 236, 34). The most
marine imporiant result of this work, however, was the finding that PCBs with a relatively low
degree of chlorination are fatrly rapidly metabolized and are not as persistent as the more
CBs are highly chlonnated compounds. The anomaly therefore arises that the less widely used
wll rnp coinpounds, the highly chlorinated PCBs, are more common 1a the environment than their
er work J -technologically more popular relations.
k fat) in The metabolism of an orally administered PCB with a fairly high mean chlorine content
$7ppm (Aroclor 1254) has been studied 1n the rat by Grant ef al. (Bull cne, contam. & Toxicol
vof 79 {U.5) 1971, 6, 102) The PCB used consisted of six componenis recognizable by gas chroma-
atied 1o tography. In line with the resuils of Bailey & Bunyon (loc ci1.), tissue residues of the less
chlorinaled componenis were significantly lower than the residues of the more chlorinated
|
P m A P R - L L Ny

- MONS 208544



N Y &5 N -
i ———

134 ARTICLES OF GENERAL INTEREST

ones. In addition, total residue figures were increased by treatment of 1he rats with carbon
tetrachloride, a result which, when considered alongside the increase in fiver weight observed
in this and several other studies, suggests that the liver may be the site of PCB me1abolism

An increase (n the acuvity of the microsomal processing enzymes of the liver has been
observed in PCB-treated birds (Bailey & Bunyon, loc. cit.), rabbits (Villeneuve er al
Bull, env. contam & Toxicel. (U.S.) 1971, 6, 120) and rats (Bickers e al. Res. Comnriun,
chem Path, Pharmac. 1912, 3, 505). The more highly chlorinated biphenyls were the nrost
polent inducers, producing a statistically sigmificant and long-fasting effect in both species
Reduction of pentobarbitone sieeping time in rats by 8 number of PCBs has been shown
to increase with the degree of chlorinaion of the compound and the extent of its storage in
fatty tissues (Villeneuve er al. Buil. env. conmtam. & Toxicol. (U.S.) 1972, 7, 264),

In the rabbit study (Viileneuve er al. 1971, loc, cit.) pregnant animals were used, so that
additional data were generated showing that 10 mg PCB/kg/day was without effect on this
mammalian reproductive system However, daily doses of [2:5 mg Aroclor 1254/kg or
more given to rabbits on days 1-28 of gestation led to an increase 1n aboruions, maternal
deaths and stillbirths, although the dead foetuses showed no consisient skeletal abnor-
malities. The rat appeared to be lesa sensitive, since doses up to 100 mg/kg/day caused no
foetal deaths or malformations (Villeneuve et al. Envir. Physiol. 1971, 1, 67). Placental
transfer of the PCBs was verified by human expenence during the PCB potsoning incident
in Japan (Kuratsune er af. loc cit ). Pregnant women suffering from the posoning gave
birth to generallysmall babies with a charactenistic brown discoloration of the skin, especially
around the groin, dark-coloured nails and discharging eyes. The condition disappeared
within a few months.

An increase in the melabolic activity of the liver 1s associated with an increase in smooth
endoplasmic reticulum (SER) Proliferation of SER and hyaline degeneration have been
observed in the livers of PCB-treated mice and monkeys (Nishizutm, Archs envir. Hith
1970, 21, 620). Associated with these effects were disturbances in lipid metabolism and a
reduction in liver-glycogen stores,

Similar results have been reported 1n rabbits following the percutaneous absorpnion of
several PCB preparations (Vos & Beems, Toxic. appl. Pharmac. 1971, 19, 617). Besides hver
bypertrophy, damage to the kidney lubt.l]cs. lymphopenia and atropy of the thymus were
noted, The quantities of PCBs involved, | 18 mg appled five times weekly for 38 days, also
had a marked ¢fect on the skin. The lesions induced were typified by hyperplasia and
hyperkeratosis of the eprdermal and follicular epithelia. However, as some PCB prepara-
tions produced more severe symptoms than others, the possibility that these effects may
have been caused by toxic impurities such as benzofurans must be borne 1n mind

The sources and the hezard to man

Monsanto's recent refusal to sell PCBs for “open” applicationts and for use 1n food-
processing plants wall clearly, in the long term, reduce the poicntial hazard of these com-
pounds. At present, however, PCBs are present 1n human food. The levels involved are
low—a recent US estimate pul the avernge daily intake of a person on a high-consumption
diet at only 01 pgrkg/day (Food Chenucal News 1972, 13 (31). 36). nevertheless the biologicai
characteristics of the PCBs warrant the continued monnoring of man’s exposure to them

Fish remains nian’s pnime source of PCBs (1b:d 1971, 13 (40), 34). Indeed, 1t is difficult to
see how this sitvation can change in the foreseeable fulure because, once polluted, the
oceans must take a considerabie time 1o recover. Other sources of PCBs can more easily
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be reduced and eventually eradicated. The finding of PCB residues in poultry and eggs
(ibid 1971, 13 (23), 3) shouid gradually dimtnish as PCB-containing meal is removed [rom

the markct and the use of biphenyls in food plants s discontinued. Similarly, careful

control over the use of PCBs as silo sealants (Skrentny et al. Bull. env. contam. & Toxicol.

(U.5) 1971, 6 409) should reduce the possidility of residues in milk. PCBs have been
found in the milk of cows fed contaminated silage (Food Chemical News 1971, 13 (9), 22),
and Saschenbrecker (Ver. Rec 1972, 90, 100) has shown that milk is by far the most impor-
1ant route of excretion of ingested PCB 1n the lactating cow. After cows have been removed
from any PCB contamination, the rate of reduction in the residue level in mulk has been
found to be similar to that of DDT inthe same circumstances (Fries e/ al. Bull. env conam,
& Toxicol. (U.5.) 1972, 7, 252).

The other important source of dietary PCBs has been food-packaging matenals manu-
factured from recycled papers contaimng carbonless copy paper (Masuda et al. Natre,
Lond, 1972, 237, 41) and prinung inks (Food Chemical News 1971, 13 (28), 3). Nevertheless,
while PCB levels 1n packages have occasionally been very high, food itself seems to be
only rarely contaminated to any significant extent (ibid 1972, 13 (51), 36). In the UK,
manufacturers of carbonless copy paper have stressed that alternattve solvents are now
used (Lister & Bennelt, Nawre, Lond. 1972, 237, 414).

In the USA, the FDA has set a tentative acceptable daily intake for the PCBs of 150-300
»& (Food Chemical News 1971, 13 (26), 12). The actual daily intake, even before the recent
tolerance levels set for various foodstuffs in America (ibid 1972, 13 (52), 38), was well
below this As PCB residue levels are now likely to fall, it scems that man at least shouid
not suffer unduly from this particular environmental hazard. The effect of PCBs on oceans,
lakes and rivers and their fiora and fauna may be anotheg question.

LITHIUM: USEFUL DRUG OR HAZARDOUS TERATOGEN?

Lithium (L1}, or strictly speaking the Li* ion, bas only recently aroused the interest of
toxicologists. The discovery that it is an effective treatment for manic-depressive psychiatric
disorders has resulted in the exposure of many individuals o relatively high serum levels
of Li, and this has led to a corresponding expansion in the hiterature on the hkely side-

effects of such ireatment.

Serum levels and acute toxicity
The dose of Li given in psychiatric treatment is critical. It must be such that the serum.

" or plasma-Lj level is on the one hand above 0-6 m-equiv./hire, the lowest therapeutically

effective level, and yel, on the other, below the toxic threshold of 1-6 m-equiv./litre (Schou,
Acta psyciuat. neurol. scand. 1969, 45 {Suppl. 207), 49). Plasma momtoring 18 one way 1n
which the necessary control may be maintained Fry & Marks (Lancer 1971, §, 886) have
successfully used this techmque in a group of 100 patients on Li therapy but, somewhat
disappointingly, they found that enly 29 of them had plasma concentranons within the
optimum range of 0 8-1-2 m-equiv./hiire Of the rest, 18 were probably receiving insufficient
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