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The polychlorobiphenyls, their o
and significance: a review

by R. Edwards
M. J. Heing Co. Lid, Hayes Park, Hayes, Middlesex

Pollution of the global envn'onm( by man is rightly
of the i

realisation of possible long term effects on both the phyunl
environment and living organisms. Clwly it is y
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done on PCBs and sore of the results are superficiaily con-
flicting, this can be explained and there can be no doubt that
they ‘have very similar effects on mammalisn and avian

to distinguish between short term toxic effocts and long term
ones (i.e. reproductive and carcinogenic effects), these latter
being mors difficult to assess, The chiorinated hydrocarbons
used as biocides are well documented in their short term
toxic effects, and with knowledge of their facile accumulation
in the environment due to their considerable chemical
stability, more work is being done on the long term effects
coupled with tighter control of their use. With the iatter
the main points of entry into the terrcstrial environment
are through crop spmymn and sced dressings with conse-
quent accumulation in the soil. From lhll poml they can ulw

to those of chlorinated pesticides, and
indeed thn synergistic effects can occur between the two
classes.2 If any control over the use of PCBs is ultimately
attempted this will be much more difficult than with pesti-
cides because of the very large number of uses to which they

* are put,

There exists considerable difficully in the analytical field
because these compounds cannot be scparated easily from
pestivide residues, and this has probably resulted in quite a
few reports in the past giving falsely high results for some
pesticide residucs.’ Unknown peaks in gas chromatography
-nnlyul were early recogniscdé-® but it was not until Jen-

reach the aerial
or ‘co-distillation’ and carringe in fine plrlnculne mattes.
They are also systemic in plants to v-r'ymg degrees. Aqueous

sen? applied mass y to the probiem that some

P T

of them were identified as PCBs.

run-off carries them through the d ge system togeth
with industrial cBluent sources to reach the marine saviron-
ment above the continental sheives. It is thus possible for

P jes and uses

’ The PCB. mvsd urly notice back in 18819 and were in

dustrial use by 1930.° The biphenyis, terph-

these compounds to mch the Iom members of the many
food chains. Man' | use of biocides for
hygienic purposes leads to entry at various other points in
the food chains. The very large concentration factor (10%)
possible in these food chains is well known and in the final
members (e.g. marine mammals, predatory birds, man)
the concentrations can reach alarming propomam led

enyls. nnph(h-lena. and mixtures of these are chlorinated
in varying degrees according to the use to which they are
put, ! and are marketed under trade names such as ‘Aroch-
lor', ‘Phenochlor’, and *Clophen’. The products are complex
mixtures of the various compounds and isomers. They range
from mobile liquids to crystalline materisls or hard resins,
and while the lower members are readily soluble in non-

solubility means that a large p
will be stored in the fat depots of the body.

The polychlorobiphenyls (PCBs), with a very widely
dispersed use throu;houl industry, bave very similar pro-
perties to the chlori ides, but are
evenmonthmnullymdebemultymbh An important
difference, however, lies in the routes through which they
contaminate the environment. Emphasis here is on indust-
rial eMuents reaching the marine medium, and possibly the
burning of industrial waste contributes relatively more to the
aerisl distribution. Although reco: tor use m
conjunction with pesticides, there is no d

polar soly they b progressively less 30 with increas-
ing extent of chi They are y stable com-
pounds, not hydrolysed by water, acid or alkali, and with
»_thermal stability such that they are used in fire-proofing.

/They find use in eclastomers, adhesives, paints, varnishes,

pﬂnun; inks, putty and as .cnenl fillers. The excellent
Jead t id d use for clectric

and as s in transformers. This
stability and their low vnpollr pressures make them ideal as
lubricants, hydraulic fluids, liquid seais, cutting oils and
vacuum diffusion pump oils. Employment in packaging
ials has led to the contamination of food.!! There

ic prop P

of this known to the author, so that distribution tlmm'h
crop spraying should not be a contributory factor. This fits
the known pattern of distribution of PCBs in the environ-
ment, the highest concentrations coming from the heads of
fresh water food chains, marine organisms and sea birds.
High levels are also known in terrestrial avian predators, but
only recently has it been shown! Mhmnﬂmmuyun

are a host of other uses, but finally it may be mentioned that
both the Monsanto Company and the USDH have reported
that they act as effective vapour suppressants in insecticide
formulations and thus prolong the active life of an applica-
tion. However, it has not been acknowiedged that PCBs
have actually becn used for this purpose commercially.
Asnnmlhryfnct.np-tcnt{otﬂnplwwmofmlo

be found at levels comparabie to those for
mmmm.«mummwmnm

from lind: T has been This
o(whnnpomuhmmmnmlynw-mm
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many solvents, some adsorbents and other analytical
matcrials, and cven the atmosphere of a laboratory can be
contaminated by PCBs.

Oceurrence in the environment
11 is now well extablishcd that PCBs can be found in wild-
life in many areas of the environment.!112-26 The highest
jevels are generally associated with the industrial arcas and
the adjacent freshwater and marine food chains. The
Jistribution is inevitably not quite so simple as this because
of the migratory habits of some of the species involved!9.24
and the fact of widespread aerial distrib 28 Cohen and
Pinkerton2? reviewed the latter in respect of pesticides,
mainly over the North American continent, and found
higher levels in dust than rainfall. Risebrough ef al.25
studied the carriage of pesticides in the trade winds coming
from Europc and Africa by collecting dust from the air
over (he Blrbldol hlmdl and delu:ted from 1-64 p.p.b.
ine Dust collected over the Californian
coast conmned some (housand times greater concentration
of org ines, but Id be found in dust coliected
from over the Central Pacific, although traces were inferred

“from the nature of the particulate matter. While no PCBs

were detected in any of these samples, it was concluded that
they were probably present in trace amounts. Tarrant and
Tation,2¢ however, who found organochlorine pesticides in
rainwater samples taken from all over the British lsles
showed that levels were highest in the summer months
(cf. Riscbrough cf a/.2%) and in populous arcas, also found
PCBsx in all of them although they did not cstimate the
concentrations. The importance of acriol distribution of
pesticiden relative (o the hydrospheric distribution has heen
streased by Rischrough e al., and it is inferred that PCBs
have a similar pattern of distribution. However, it would
seem that with PCBs more emphasis should be placed
on the hydrospheric medium, because an important
part in the f to the ph

carriers in agri licati can be idered as
low in this case. If the vupour pressures of DDT and PCBs
are taken as being of the samé order, it would then be
expected that atmospheric levels of PCBs would be low
relative to DDT. The relative ion of i

here have yet to be

and PCBs in the hydrosphere and
convincingly demonstrated.

The oummdmg feature of the distribution is the occur-
rence in marine isms on the conti | shelves round
North West Europe and North America, and also the

via dusts used as -

" continental shelves. However,
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fow waters (Magdalen Islands) and in the decper waters of
the Cabot Straits. They have also been gualitatively detected
in fish and shellfish from Texas and Georgia, and in the
south, in the Gulf of Mexico, in estuarine waters at Charle-
ston, S. Carolina. levels of Icss than 0:] p.p.m. were found in
fish and blue crabs.29 Duke et a/. nlso monitored the resuits
of an industrial leakage into the Escambia River which was
carried through several inner bays through to the Guif of
Mexico off Florida. Maxi levels at source ranged from
486 p.p.m. in sediment to 20 p.p.m. in fish, crustacea and
sediment in the outer bays. The best indicators of contamin-
ant levels were static organisms like oysters (up to 3 p.p.m.).
Round the coasts of North West Europe the situation is
similarly documented. Jensen er al.!7 investigated levels in
marine ecosystems in Swedish waters. The closed nature of
the Baltic arca perhaps leads to somewhat higher con-
centrations than those gencrally found on Atlantic and
American coasts. Levels tended to be lower in waters off
West Sweden and to the north of the Baitic proper, in the
Gulf of Bothnia, and higher going south from the Stockhoim
Archipelago to the South Baltic. The levels ranged from
0-002 to 1-0 p.p.m. in mussels and fish up to uouop.pm
in white tailed eagles. The were
to the total DDT levels found. Koeman et al.1¢ q\ulnmnly
identified PCBs along the Netherlands coast from the
Wadden Sea southwards to, and up, the Rhine, in musseis,
fish and birds and their eggs. The uniformity of GC patterns
suggested that they all originated from pollution of the
Rhine. Holmes, Simmons and Tatton!? reported the pre-
scnce of PCBs in marinc birds and their cggs collected
from round the British Isics, and lfolden and Marslen!?
showed them (o be present in scals and porpoises round the
consts of Scotland, being highest in those from the east coast
(see below). Bonner,?! investigating the deaths of seal pups
on the Comish coast, found PCBs here (160 p.p.m. in
blubber) higher than in comparable northern samples
(3448 p.p.m.), but less than in East Anglian specimens
(350-520 p.p.m.). Presst, Jefferics and Moore, surveying
PCB levels in British wildlife, reported an average of
4 (1-25) p.p.m. in the eggs of marine birds, and comparing
the east and west coasts of Scotland in respect of two sets of
twenty five cggs somewhat higher levels (7 as against
3-6 p.p.m.) in the western samples. No PCBs were detected

—1n whales analysed by Wolman and. Wilson,?® and this is

compatible with a distribution pattern confined to the
this may be a rather naive
use of the evidence because the water solubilily of PCBs,

extraordinarily high level found in some fresh avian
predators, all associated with effluent from industrial
activity,13:14.16.17.20.21.26 Along the west coast of the USA

PCBs have been detected in estuarine and coastal waters
.in San Francisco Bay, San Diego Bay and Puget Sound

(Washington). In areas remote from industrial activity
round the Bay of California and parts of the Panama coast
for example, birds' cags ¢ oonumd zwou. PCB each, but
near the above he eggs con-
tained up (0 several hundred and imes over a th

ug PCB/egs. The cast coast of the USA has yielded similar

y the higher chlorinated ones, is extremely low and
llle bulk of the PCB is more likely to be associated with
sediment on the bottom and entering into the food chains
mainly via bottom living organisms. Most whales feed on
plankton, and thus might in any cass be expected to show
low levels. A further point of perspective is also given by
the fact that loss of lower PCBs from aqueous suspen-
sions when acrated has beea observed.®

Holden has traced agueous poilution back to one type
of source. The work on seals in Scotiand having shown that

_levels were highest in the Firth of Forth region, water

evidence for contamination by PCBs, Holden and Marsden!?
datectod PCBe in soals from the Gulfl of St Lawrence in shal-

|
|

les from the surface and at depth from the estuary
nndrimtpto(}huow‘ d no & b
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and only trace quantities in trunk scwer efflucnts. The
rovuplankton contained less than 0-03 p.p.m., and fish up
to 26 p.p.m. However, indusirial cffluents are usually
passed to the sewage works together with domestic sewage,
ami so the sludge, which is dumped offshore, was examined.
The fificen samples analysed ranged from {-185 p.p.m.
P.'B on dry weight, with two sewage plants giving con-
sistently high levels (50-160 p.p.m.). Sludge from Manchester
cxhibited somewhat lower levels, and that from London
less again, but taking into account the varying outputs,
cach area was estimated to contribute roughly | ton/
year P.'B contamination to the marine environment from
sewage sludge. In the case of inland areas sludge can be
disposed of by spreading over the land surface, and 30 offer
a route to terrestrial food chains. The question of why it is
that relatively low levels of PCB are found in man and his
domesticaled animals, posed in 196739 perhaps now has some
answer.

Disiribution in terrestrial and freshwater ecosystems has
largely been assayed in terms of the avifauna because of the
effects of organochlorine pesticides and almost certainly
P.'Bs on some bird populations. The DDT/PCB ratio has
been used by Risebrough et al. as an enviconmental
index, 142425 but when data is compared consideration
must be made of the various biological flclon. such as
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values in Table 1 can be used to show the differences in
tissue distribution.
The same. authors24 dclcrmmcd chlorinated hydrocarbon
in breedi and cormorants in lakes 10 the
north-west of the Great Lakes (Table 11). As the birds
used the same food sources the clear differcnces in results
demonsirated a species difference probably due to variation
in residue levels in the migration areas, but possibly meta-
bolic differences in terms of rates of excretion of organo-
chiorines into the eggs may be involved. Birds have also

Table I

Chiorinated hydrocarbon rmdlm in pelicans and cormoramts
pp'ODE rCc8 DODEIPCS

Egps ppm. p.o.m. ratio

Cormorant 104 8 t3

Pelican 17 06 29

Fish (whole) 008 05 016

been studied in Britain2:1 and the extensive survey (599
samples) by Presst, Jefleries and Moore!? illustrates some of
the factors involved; firstly habitat and migration (Table I11).
Secondly; the eggs from marine birds from two colonies
widely separated from one another demonstrates wery
convmunlly (Table 1V) specific differences related to

gration habits. The guillemot spends the longest time in

tissue di species taboli diet,
heaith and age, which ail affect residue concentrations.
These authors have shown that the DDT/PCB ratio is low,
below 2, near industrial arcss, and increases with the
distance away to become greater than 10 in remote regions.
The geographical distribution in terrestrial and fmhvnter
wildlife will be reviewed within lhe fi of these
factors. Risebrough er al.14 i fak

and their prey, centring round the Bny of California.
Falcons freshly migrated from the Arctic had low levels
which increased with residence time in Californis; the

“Javely in the Californian birds increased with age; and the

indigenous adults showed the highest queh. The maximum

Tkl i
Ttose distribution of DDT.and PCB in pevegrines and their prey
Toisl DDT BCP poTIPCE

Toble IV
Specific d{fferences nbud o migration habits

DDTIPCB rotio

St Abbs Head Galloway
Guillemot 0233 0-250
Razorbill ' 0-500 0433
Shag 0625 0727
Kittiwake 0-666 0873

coastal waters, the Kittiwake the shortest time there, for
breeding purposes only, and the Shag is cssentially seden-
tary. The effect of health on relative and absolute levels is
soen in the report by Bonner2! on seal pup deaths. (TableV).

© TebleV
Effecs of chiorinated hydrocarbon levels on sesl pup hesith

p.pm. p.p.m. retio Torel DDT PCB DD]‘I’C‘
Paregtines: unhaichod ogg 102 1102 100 = pom. pom e
rmmncle 100 " 1o “Liver:  Cornish 24 “ 008
| liver . .97 14 Northern (well fed) 06 4 018
ly fat . 32 156 Northern (siarving) 20 6 03
Prey: 1851 a8 33 Blubber: Comish i1 160 007
whole body -89 i 98 53 Northern (well fed) 98 34 (2.
musclo 24 oo M Northern (starving) 18t a (3]
1
' X ;
Teble I
Hobit and migration factors dklln chiorinated hm residwes »
Liver
B clane i No samplos Mean p.p.m. No samples Mean p.p.m
(@) Terrastrial predators: ' : o
satic ! i 78 43 s ST}
partial migrants ', » 43 6 20
migrants 9 10 s 10
m Mu(mmmmm ” 343 24 47
| ! 4 25 9 40
' MONS 086218
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One of the most striking features of freshwater species is
the extraordinarily high levels in herons at the head of a
food chain where up to 900 p.p.m. have bgen found!® in
British material. As the British heron is sedentary, occurs
nearly all over the country, and there arc few migrants
from the continent, this species might be expected to be
a good geographical index of PCB distribution. Unfortun-
ately nearly alt the samples oblained in the survey of
Presst ¢f al.!® came from the Midlands and South East
so that nd clear pattern emerged. However, the age factor
is well illustrated by this specics as the average liver levels
for nestlings was found (0 be 5 p.p.m. while that for adults
was 98 p.p.m. Diet is of course an important consideration,
and meons that different species from the same area can
exhibit very different PCB concentrations. Thus, while birds
feeding on insects have shown 0-1 p.p.m. (liver), raptors
focding on mammals yielded 0-50 p.p.m. It is necessary
then, when comparing or interpreting dats, to take into
consideration ail these factors. Terrestrial restriction of
PCBs to near industrial areas would seem to be reinforced
by the failure of Holden?s to find them in freshwater fish
in Scotland, and by Davis®? who failed to find them in
beetles, earthworms, slugs and grasshoppers of one agri-
cultural area in England.

To what extent are PCBs found in human beings and

1343

galions were continucd in the 1930s, and it was further
demonstrated in work on sabbits that in (he naphthalene
series the higher chlorinated mixtures were the most toxic.
The work was expanded by Bennett ef a/.32-3Y who also used
mixtures inciuding PCBs, and PCBs alone. A PCB con-
ummg 65 per cent chlorine was used, and later one con-
mmng 55 per ¢ cent. The suhmnoc: were applicd 10 rats by
ion, and oral means, and it
was confirmed that the high chlorinated naphthalenes were
more toxic than the lower ones, but that the ’C8 was more
toxic stili. Here, feeding at a lower rate (0-0Sg/rat every other
day) produced extensive mortality, and as with the naphthai-
enes resulted in yellowing and eniargement of the livers.
Liver damage caused by these compounds had not disap-
peared two months after dosing had ceased. Thu damage
caused the animals to be ly sensitive to d:

other P ds, e.g. carbon hloride (used asa solvent
for these mixtures), and much smaller doses than normal
were nptdly fatal. Miller in 19443 npeﬂmenlod with a
PCB ing 42 per cent chlorine and worked on guinea
pigs, rats and rabbits, using feeding, subcutancous, skin and
corneal applications. He used single doses ranging from

" 69 to 690mg and courses totailing up to 1380mg (over up to

54d) and found that guinea pigs were the most sensitive,
rlbblu less so, and rats least sensitive in respect of liver

foodstuffa? Jensen in 1966 first. reported? the p of
PCBs in human hair, and iater reports!2:2) indicated that
levels in man and his foodstuffs were lower than those found
mbirdl. und below | pp-m. Omempoomlcu: has been
‘, a very extensive survey of

food. Il‘s in P 1967 and 1969,
and anatyscd for organochlorine pesticides and PCB's, has
been published.!

In a wide range of foods and food materials, PCB levels
were found to be below 0-1 p.p.m. (90 per cent of 1400
samples) and comparable to DODT levels. The higher con-
centrations came from freshwater and marine fish, especially
those with a high fat content. Another case where relatively
high levels were found was with milk. Cows excrete little
DDT in their milk and here all cleven sampies were below
0:03 p.p.m. DDT and 01 p.p.m. PCB on whole milk. In

Damage was iargely confined to the liver but in
rats there was also hypertrophy of the spleen. The occusrence
of hyaline bodies in the liver was confined to the rat. Von
Oettingen in 19553 found that even 0-05g/d fed to rats
caused liver damage. Skin lesions were similar to those
found in man.

Maan's exp to these chlori d hyd b leads
lmunlly to derrmum, then hver dnmqe with resultant
and G 8,3 g the ion in 1939,

concluded that there had probably boen at least six human
duthl from this cause. Bennett et nl 32 had measured the
i lt (hmy d 1 plants and suggested

i (MAC) of 0-5mg/m?
for tetrachlorinated and higher chlorinated naphthalenes,
with the observation that these levels had certainly been
grossly em?eded over the previous twenty years. This work

human milk relatively more DDT is excreted and the average led in increased of the h from vapours
over 22 samples was 0:107: p.p.m. DDT and 0-16 p.p.m. of these ds and el y impro in
PCB. Other relatively high: samples| are eggs and butter. industrial conditions has Inrgely eliminated this source of
(Table VI) danger (but see Biros?2), The American Conference of
Toote VI Government and Industrial Hygienists in 195337 laid down
an MAC for the lower chlorinated PCBs of | -Omg/m?,andfor

N ptel | acy | DOTPCEGpm. hehigherchiorinated ones(‘Arochlors' 1254-)0-Smg/m>. This

Humenmik 22 0107 || 016 | 066 ; ' o p parallclism with the naphthalenes. and
umen ¢ y " these ngum are perpelunled in hlndbnokl of industrial
s yolk 1’1' 81" 33’ ;;: toxicology,*® but recent papers2:43 point to the reverse situ-

Toxieslogy

Soou uh'r the b..lnmnp oflndtmtiul use of the chlorinated
P g early in this century, human

re was uun to lud to skin eruptions (chloracne)

L
and in animal inhalation and feudmg eapedmh (1919). lt .

was shown that liver
naphthaienes. As a result

with
three human deatha, investi-

¢
i
}
'

. ation (see below). These MACs are to becompared withthose

for ‘Aldrin’ and ‘Dieldrin’ (0 25m|lm3 tenl-uve) and pll'l-
thion (0 lmuml) The oxidi
more toxic than the parent compounds.3®

McLaughlin in 1963 published the results of toxicological
studies on & number of chemicals which might be found in
food3® using a sophisticated method based on injection into
fertile hens’ eggs. 25,000 eggs were used over thres years and
strict controls set up. Among the compounds tested was the

N
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*Arcchlor 1242 injected at 0-025 and 0-Imi giving a 0 and
$ per cent hateh as compared with over 95 per cent in the
conirol group. Teratogenic cffects were aiso noted in some
of the chicks which did hatch. results may be com-
parcd with those for *Heptachlor®, where 0-05 and 0+ 10ml of
a | per cent solution in propylenc glycol (non-toxic) gave &
7S and 65 per cent hatch respectively,

Flick er al.4® endcuvouring to identify the factor causing
the chick oedema disease, following reports that the factor
was highly chlori d and that a plastici
a cage wire coating fed at 0-01 per cent or higher caused
oedema in chicks, investigated the effect of ‘Arochlor
1242". Groups of twelve chicks were fed on dicts ini

20 Novemher 1971 Clemistry and Indusiry

This PCR has about five times the capacity to reducc
acstradiol levels than DOT or DDL. The effect of a single
dose of DDT may last for over two months. This work
was extended to compare the effects of two different PCRs
in kestrels, again using liver microsome isolates.*? The
kestrels were fed at 0-S and 5-0 p.p.m. leveis with ‘Arochior
1254° and ‘Arochlor 1262°, and the resulls were as in Table
ViIL

200 or 400 p.p.m. over a three week period, changes in
weight being noted. Weight gain was lower with the 400
p.p.m. diet and indeed loss took place at the end of the
period. Three chicks on this diet died. Here the hydroperi-
cardium volume was ten times larger than with the 200
p.p.m. lcvel or the controls, the pancreas, kidneys and
adrenals affected, and hacmoglobin levels were lower. The
PCB produced similar effects to the oedem factor, but

(PCB) used 88 Tabio VI
Polar metobolites (nmolesig micresomal
fraction)
‘1254 ‘126
Control [] [
05 p.p.m. 13-65 1908
50p.pm. 60s 47193

While these figures do not clearly indicate the relative activity
of these PCBs, it has been shown that ‘Dieldrin’ and PCB
are much more active in reducing oestrogen levels than either
DDT or DDE.42 That pesticides reduce oestrogen levels in

was not so potent, and gas ch
that it was not the same.

Two groups of workers, Ruebmugh Peakall er al. in the
USt9:2441-3 and Jefleries, Moore, Presst ef al. in Grest
Britain.!%4 have actively pursued the cffects of organo-
chiorine pesticides nnd PCBs on blrdn The decline in
certain bird pop P p has been
attributed to the p of hlori icides, but
it is aiso possible that PCBs have | played & p-rt in this, not
only because of their intrinsic toxicity but because it has
been shown (in insects,? and below) that there are synergistic
effects between some PCBs and DDT and ‘Dieldrin'.

Is has also been demonstrated.

Presst, Jefferies and Moore® investigated the lethal
effects of ‘Arochlor 1254° on Bengalese finches. Food
containing higher levels of PCB (440 p.p.m.) was refused by
the birds (100 per cent mortality not occurring) but it was
still possible to calculate the LDyp as 25)-6mp/kg/d.
Seven out of the 38 birds died. Enlarged kidneys was the
main feature, with in two cases incressed volume of peri-
cardial fluid. While there was a correlation betweendoserates
and liver concentrations, there was also considerable varia-
tion in levels (3-697 p.p.m.). Whether a particular con-
cemnuon will be fatal will depend, as with organochlorine

Lethal toxicity to the adult bird is not the only factor b
it has been shown?4.4! that organochlorine pesticides at the
order of onc p.p.m. are effective in inducing steroid
hydroxylases in uvun liver, (hm leading to lowered oestrogen
levels and red: ity. Added to this
DOE has an entirely dllfmm effect on the reproductive
system, that of causing cggshell thinning, which causes added
failures in veproduction Teralo':mc cffects may also occur
b of the jon factor in the eggs.
It is thus necessary to review the effects of the organo-
chlorine pesticides on birds in conjunction with those of the
PCBs.

Following work by Peakall,*t which demonstrated that
pigeons fed with DDT at 10 p.p.m. and/or ‘Dieldrin’ at
2 p.p.m. for one wuk had higher levelt of  testostesone of

bolites than I h, Peakall
e al" compared the eﬂ'ecl of DDE DDT and PCB
(‘Arochlor 1262") in i g the levels of polar metabol-
ites in osstradiol meubolim, again using pigeon liver
isolates in vitro. Their results are given in Table VIL

|

Toble VI1 .
Poler wietabolites formad (my. moles)
Control »
DDBE (40mg/ks) % |
DDT (40mg/ks) ‘2 {

|
N
.

ides, on the dition of an animal. Considerable
nonge in’ m is possible and until this reservoir is saturated,
will bably not rise to lethal concentra.
tions in susceptible organs. So danger can arise in times of
stress (e.g. starvation or with the breeding cycle) when the
fat reserves are mobiliscd releasing large quantities of PCB
or whatever. The liver by itself in these birds may thus not
be a good index because the liver fat reserves may vary
cmmdenbly And will them-elvm be mobilised ulhmnuly
The f ggest the brain/li
.—a useful index, being hxgh in those blrds that dled (83 7 per
cent and low in the survivors (264 per cent). The LDy,
for DDT is some thirteen times lower than for this PCB,
but consideration has to be given to the fact that while the
DDT mortality curve is steep (no deaths at 1000 and all dead
at 1200mg/kg/d), the PCB curve is shallow, so that at low
lcvels PCB may be more toxic than DDT. The authors con-
clude on the basis of this experimental work, and reasonably
assuming that no drastic change in useage of PCBs is likely
to have taken place over the past two decades, that few
bird deaths have been caused by PCBs. However they state,
without citing evidence, that the PCBa do not vary markedly
in toxicity and this is at variance with recent work2-4346 (see
below), the PCB used here being of relatively low toxicity.
Additionally the authors do not consider the possibility of
synergistic cflects.? It was recognised that the positios with
sublethal cflects may be different.
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Very little work20:47 9 has been done on the effect of PCBs
(awnd terphenyls) on aquatic organisms, despite the fact that
it is known that some marine crustacca and fish are very
scnsitive to organochlorine  pesticide residues.*4  For
example Crangon vulgaris (brown shrimp) has an LCq/48h/
157¢ for DDT of 0.003 - 01 p.p.m., and levels as low as
00001 p.p.m. may be deirimental to some species of
maofluse. One difficully in the study of toxicity to aquatic
organisms is the extremely low solubility of these com-
pounds in water and the difficulty of obtaining sufficiently
stable emulsions.47-% The use of solubilising agents, of
low toxicity, overcomes this. Zitko,* using ‘Corexit 7664’ to
solubilise ‘Arochlior 1221 and ‘Arochlor 1254°, cartied out
192 hour tests with these compounds using Atiantic salmon
parr. He found that concentrations above 2mg/! were lethal.
Wildish4® using ‘Arochlor 1254 in emulsions, or solubilising
with ‘Corexit 7664, carried out 30d tests with Gammarus
oceanicus and found lethal threshold vaives of 0-001 to
0-0img/1 (*Corexit’) and 0-01 to O lm;/l (emlllﬂom)
Guthrie et al.4? tested
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chlorine content in the lower half of the scrics. These results
raisc doubts as to the rcfevince of the many papers which
have used ‘Arochlor 1254°, which here has little or no effect
under these conditions. The synergistic effects with *Dicl-
drin' were positive with some of lower ‘Arochlors’ and
uniformly positive with pp'DDT up to ‘Arochlor 1254".
However, with the higher chlorinated PCBs and PCTs a
reduction of toxicity was observed. While it is improper to
transpose resuits from onc phyfum to snother and short
term toxicity may have little bearing on long term cffects,
nevertheless this paper is a strong indication that consider-
able care should be taken in planning these toxicological
studies.

Work using mammals is cqually sparse. A preliminary
study by Sabotka,’® using ‘Arochlor 1254° and ‘Arochlor
1260° or DDT in single doses of 1-10mg/kg (‘Arochlor’s) or
0-25mg/kg (DDT) carried out behaviour tests on mice over
periods of 4 to 24h afier administration. There is a clear

_ difference between the two groups of substances, DDT

bably

and PCBs probably enhancing central

terphenyis and their oxidation products and found lethal
threshold values of about 5mg/l and pertinently that iow
oxygen lcvels in the water enhanced the toxicity. Duke
et al.29 who monitored PCB levels in biota and sediment in
the Escnmbia Bay area of Florida as a result of an industrial
leakage of PCB into the Escambia River, conducted both
ucute toxicity tests and 20d bioassays. 48h tests on pinfish
and juvenile shrimps at the 100 p.p.b. level was not toxic
1o the fish but caused 100 per cent mortality in the shrimps.
Oysters received a 96h test and the effect was measured in
terms of arrest of shell growth. Here 1 p.p.b. resuited in
19 per cent decreasc in sheill growth and 100 p.p.b. 100
per cenl. Resultant whole body concentrations for the three
organisms wese 17, 3-9 and 33 p.p.m. respectively. It should
be noted that the oysters when repiaced in PCB free water
for three weeks recovered their normal growth rates. In

‘the 20d assays using & concentration of 5 p.p.b., a 72 per

cent mortality occutred in juvenile shrimps and 5 per cent in
juvenile crabs. It would appear then from all this work
that some crustacea and molluscs arc as sensitive to PCBs
as they are to organochiorinc pesticides.

mhlbnory systems. The paper by Bitman and Cecil®®
surveying the oestrogenic activity of DDT analogues and
PCBs in terms of the 18h glycogen response of immature
rat uterus assumes considerable importance in relation to
a lot of the work cited above. The stereochemical require-
ments are quite strict, nnd in geneul for diphenyl-methane
and -eth; and triphenyl ds activity is
restricted to those where cither the pp’ pommm are vacant
or filled by hydroxy or methoxy groups, being inactive
where halogen or alkyl groups are present. So the pp’
compounds perthane, kelthane, DDE, DDD and methoxy-
chlor are inactive. However, pp'DDT is active and the
op'isomer some sixteen times more so0, while of the others
mentioned only op’DDE gains a fesponse. ‘Arochlor’s
I22|~48' are lbout half as active at pp'DDT, but the higher
.(¢f. Lich in). In perspective though

these compounds only have something like 10-3 times the
activity of natural oestrogens, but this fits well with the
observed pattern of steroid hydroxylase induction in birds,
where DDT and PCB are very active but DDE is less so.
l’erlup- another slgmﬁcant pmnl is that the oo’ and pp'bi-
is have an eq genic activity. The lower

Some toxicological work hqlbeen cffected using i 2.46
Momnyl dosed rouﬂh ukut nymphl oj‘l Chorthippus |
brunneus ( h ly with ‘A 1254 at
12:5, 50 or 200ug lcvell. but found that definite mortality
vas only associated with the 200ug group plus a possible
s belethal effect associated with moulting (fat mobilisation).
The maximum amounts of PCB in individuals of the latter
group were l4ug (male) and 8ug (female). The work of
Lichtenstein, however, is much more revealing as to the
relative toxicity of the various PCBs and the synergistic
effects with DDT and ‘Dieldrin’. Groups of S0 Drosophila
melunogaster were placed in contact with vessels coated

chlonmted PCBs could be degraded in theatmosphere as has
“been shown by laboratory experiments where the greatest
diminution in one gas chromatograph peak was found
where PCBs on an aqueous surface were subject to UV

-irradiation.5! At the same time it has been observed!2:17:5t

that the lower chlorinsted PCBs tend to be absent in wildiife
samples, particularly in birds, and it may be speculated
to what degree there may be differential excretion or in vive
breakdown, and what effect this has. A recent study by
Vos et al.2 reveals another important aspect. They discov-
ered that two out of three 60 per cent chiorinated PCBs
ined hlghly toxlc oxypmlod impurities. These two

with a layer of the sub: or mi of subx

and groups of {5 Musca dwnullcu were dond My
Tests of the individual d that Dieldnn
was some 25-30 times more toxic than DDT, and 1-8000
nmnmutomtlnn!hz?CluﬂnhU\ucMoﬁmM
nd the terph ve rise to no mortality in
the Mor‘lh lem.huuox tylmmdmmin

'

hlor DP6’, ‘Clophen A60")
whenm)euad into hens’ qpn the 3-5mg level caused
almost 100 per cent mortality whereas the third sampie
(‘Arochlor 1260°) gave a relatively low mortality. A fraction
containing no PCBs was isolated from one of them by
‘Florisil’ column chromatography and showa to be toxic,
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Gas chronutography and mass spectra showed this fraction
to contain lelmchlom and pcmuchloro-dlbenzol' urang which
were, however, hthalcne and hep-
tachlorobiphenyl respectively, thus limullng the accuracy of
quantification, The mnlnch(orodlbenzofuran was aumnied
to be at about the S and 20 p.p.m. level in the two P
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pp’'DDE that of pp’'DDT. PCBs may continue lo emerge
with retention times up to four or five times that of DDT.
It has been noted in this laboratory that response to PCBs
relative to organochlorine pesticides can be small on some
coiumm. and from the vxewpomt of determining pesticide

That PCB exerted a similar cffect to that of the chick oedema
faclor (CEF) had been noted previously,*® and that toxico-
logical studies using PCBs had produced variable results.
1.2.3.7.8.9.-hexachioro dibenzodioxin has now been identi-
fied ax one of the oedema factors™? and it may be recalled that
the toxic factor in the weedkitler 2,3,5-T was shown to be a
retenchloro dioxin.'' In fact these chlorinated dioxins nnd

can 1i the si However, using more
polar columns, e.g. ‘QF-f' or ‘XE-60',/2:2).50.62 PCBs
emerge largely prior to the DDT group, which allows simple
quantification of the latter, but may still leave an unsatis-
factorily complex chromatogram. lmproved resolution of
PCB ds has been claimeds® using novel stationary

phases.
One -I(ermuve has been to alter the retention lime of

dibenzofurans are very_highly toxic groups of co

02ug ;nmuchlomdimnzo[nrnn is needed to cause 100 per
cent mortality in hen eggs as compared to 0-05ug of hexa-
chlorodibenzo-p-dioxin. The occurrence of the dibenzo-
furans in PCBs is associated with the use of sodium hydrox-
ide in the distillation of erude PCl! Penm:lllomphenol
(PCP)and 2,3.4,6- h) } are p

by deri ion, Icaving the PCBs intact, and of
course aiding the ldenhﬁcanon of the pesucxdcs Jensens®

used & mild d from Erro er al.
and originating from the S hech -Hnller hod, claimed
that the PCBs ined unaltered while bers of the
DDT group were eﬁemvely removed .l!hou;h ncher

of CEF and have been found to be pmen( in toxic olelc
acids.™

11 is evident then that other compounds besides the PCBs
themselves should be sought for in w-ldhfe and that indivi-
dual pounds as well as ions should
be wsed in toxicological studies. Unfonunllely the indivi-
dual PCB cnmpounds are not readily available.

Holden and Marsdenss have already noted the p
of unidentified polar compounds in wildlife extracts. It is
o be hoped that the current FDA % on the
tonicology of PCBs takes into account ail these factors.

ines (e.g. T

lindane and BHC) are not rcmoved This scheme )
HNO,3/H180, for 5min at 0°C) was followed by Risebrough
el ol 1430 but Reynoidsé! found that DDT derivative
peaks ultimately emerged on the chromatogram making
for an unprofitably long analysis time. M , some lower
chiorinated PCBs appeared to have been affected by the
procedure. Saponification with alcoholic potash!3:14.39 jeads
to the dehydrochlorination of pp’DDT, pp'TDE, and
‘Toxaphene’, with the derivative peaks appearing earlier
in the chromatogram, and the PCBs reportedly unaffected.
BHC is destroyed by this procedure. PCBs have aiso been
differentiated from DDT using carbon-skeleton chromato-
graphy.&

malysls

PCB: are extracted together with chiorinated hyd: b
ides in routine residue analyses,’? and being ph

of pound wilh GC

poiar col almost identical to a

notably of the DDT group, present an analytical problem

which is not completely soluble by gas chromatographic

meuns alone. Chemical conversion of the pesticides,

leaving (he PCBl |Immt unchmged. provides a partial but

not P jution, but group separati

. Iundumenn”y sounder, um of course providing additional

!lmeson non

" tography sfford means of ob

pnor to gas chmmato(rnphy is to be pre-
can be

. ferred not only b nmvkr chr

obtained but because this will give nearly as much evvdeme
as to identity as dmvunon Thm Iayer chromlto'nphy
reverse phase paper

Lad r-l 2 an

ining partial separati of
organochlorine pesticides from PCBs and (ractions can
easily be obtained where only ‘Aldrin’, ‘Heptachior’, and
pp'DDE remain with the PCBs. The former two are not
very nnporunt in respect of the gas chromstography

evidence of identity. Both thin layer ch graphy and
, & column chromatography have afforded quite good partial
rnpal.lion of PCBs from pesticides and the best schemes?
cia’ns to leave only ‘Aildrin’ with the PCBs, with which
there is very little interference by the PCBs. A ber of

there is usually little interference between
them and PCBs, but pp DDE can emerge with the major
PCB peaks unn. pol Thin layer ch

|nphy has given this sort of lepnrmon \mnl silica gei!S and

| workersi$:22.59.68 have confirmed the presence of PCBs
in living tissues by means of mass spectrometry, but apart
from this means the quantification of PCBs presents severe
problems becawse of the large number of compounds
involved and that the individual compounds are not readily
available, 50 that most authors have only been able to
calculate approximate figures.

Gas chromatography retention data for PCBs is now
adequately documentsd!2:16:18.26,5081 (and alsol2:13.14.20,
24.23,30.59) and on non-polar oolumu the nnn nuon of
interference of PCBe and

i

t
I

PN

" obtaining this separation lllinl Flol'illl

vithmnnmhumyvuryfromlhpdmormof

1.2 and in graphy Holden and
Mareden26:45 claimed of PCBs using either
alumina, silica gel, or both in series with long narrow

} Reynolds$! d d jon with *Flori-
sil’, while B and Ogatas2 d on their failure
to reproduce this work in terms of pesticide separations
only, and noted the differences in activity between ‘reguiar’
and ‘PR Florisil’. This reviewer has found no difficulty in
Armour and
Burkes$ in a fully d d paper d that it was
possible to carry out a separation leaving only ‘Aldrin’

with the PCBs. For this they used silicic acid partly deacti- .

vated with 3 per cent water mixed with celite and elwted the
\
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PCBs CArochlor's 1254 and 1260°) with petrolcum cther.
*Aracior 1254° necded the larger volume of cluant and the
separation was more critical. The cautionary note is added
that any truce of polar solvent in the samplc will make the
separation impossible and rp 'DDE will emerge with the
PCBs. Also, the wmnllon is only possible provided that
the column (204 5g) is not over loaded (i.e. not di
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liver damage and death can result from high PCH levels but
these arc only reached in a few foodehan heads, and the
normal levels found in man arc not of this order, To be set
against this, howcver, is the finding {in LI, terms) that
while with DDT there appears to be a definite ‘no effect’
level this u lnparcnlly not true for PCB. Preciscly what

Znug PCB). This then solves the main separation problcm
ienving on non-polar gas chromatography columns only
o small PCB penk which may interfere with the estimation
of 'Aldrin’, These authors have also documented the separ-
ation of chiorinated naphthalenes.o*

Confirmation of identity has been achieved by combined
gas chromatography/mass spectrometry,!#-22.59:80 but gener-
ally quantification is not simple because of the large number
of compounds involved and because these are not readily
available individually fof nl‘erenee purposes. If it can be

d that a fi only PCBs (i.e. in a
column chromatography or gas ehromtopnphy eMuent)
and that the ion on & gas hy trace
conforms (o that of a oommclcul mixture, then micro-
coulometric estimation will give an answer. Jensen ¢f al.,17
using 4 combination of mass spectrometry, ECGC and
microcouiomeliry obtained results which were only accurate
10 about a factor of two. With the same assumptions clectron
capture detection can be used, referring to commercial PCB

i 26 either by ing the total peak area!9:3:63 or
basing the calculation on one':161% or more?® suitable
peaks. pp'DDE or ‘Dieldrin’ may be used as an internal
standard. 1630 One empirical approach calculated one PCB
peak as pp' DDT and multiplied by a factor of ten to obtain
a result:2¢ gnother® took the total area:weight ratio to be
equivalent to that for DDE; and another %50 assumed the
response of each peak to be equivalent to DDE and applied
a correction factor from the use of microcoulometric
detection (the authors did not have permanent access to a

" microcoulometric detector). Gregory$? studying the electron
capture coefficients of mono- and dichloro- and methyl-
blphenyll showed that there is over a twentyfold variation

the chloro pound!
concentrations of PCB in fresh and salt water by means of
ultraviolet s ph and fi While the
lower chlorinated PCBs can be prep.red easily$® and only

Zitko®® determined the

are responsible for the toxicity of PCBs is
not yel clear, but it sccms ccrtain that it concerns the lower
chlorinated compounds and probably the oxidation
products in vive or in viire. It also emerges that impurities in
some commercial mixtures are certainly highly toxic, and
if the fact of synergistic cffects, though demonstrated as
yet in one area only, is taken into account then the picture
b a very plicated one. Clearly it is extremely
difficult to carry out strictly controlled toxicological studies
at a feeding lcvel of the order of | p.p.m. over a long period,
and in terms of mulitigeneration tests. The need for multi-
generation tests may be related to DDT, where, despite
many years study, it has only recently been mtlmted that,
with only the original p dosed, effects
may occur in later g (6th g mice).
DDT may again be used to iliustrate the sort of effect which
may be looked for. In California, Oregon and Washington,
genetic changes in the fruit fly population have been shown
to result from heavy spraying programmes in these aress,
and in the latter two states were tied to two specific forest
spraying programmes. The pattern of these genetic changes
can also be correlated with spread by winds over long dist-
ances. With PCBs the major dispersal medium is probably
water, but otherwise there are no essential differences in the
situation. The PCBs are spread all over the continental
shelves which are fed by industrial effluents.

The toxicology of the weedkitler 2,4,5-T3} and of mercury
residues®® has recently come to the fore and they present
some paraliels with the PCBs. While in contrast to PCBs
there is a definite, but small, contribution to agricultural
pollution, by mercury from seed dressings, the industrial
contribution must lead 1o a similar marine distribution to
PCBs, although as yet very little is known about this area.
Mercury, in contrast to PCB, is only cumulative in living
tissue (0 a limited extent, and there is & definite natural
contribution from the sea floor. The massive aerial use of
the weedkiller 2.4,5-T as a defoliant by the Americans

simple mixtures formed when using the Ullmann
the higher members are more difficult to make singly.

Discussion :

The decline of certain bird populations was associated with

the use of ‘Dieldrin’ seed dnump and has been attributed

lo lothal toxic effects. wmu increasing nwnmen of these
better itoring and usage control, at least in

dnvcloptd countries, lethal toxic effects are

less likely to occur. Rather, the significance of PCBs (and

pmhkhl) to man and other organisms must now be seen

in the context of sub-lethal effects having long term influence

on wpuludom through the media of reproductive

processes )
(reduction in fertility, delays in bresding), tefAtogenic and

carcinogenic effects on both the parent and later generations.
LDy tests, even over a long iod, are irrelevant from this

Ited in ter gical as well as direct toxic cffects due
to traces of & chiorinated dibenzodioxin. It is as well that
PCBs are not used in such fashion because it has now been
shown that some commercial preparations contain traces of
chlorinated dibenzofurans which are aiso highly toxic.

Water pollution is receiving considerable attention
within the traditional framework of oxygen deficiency,
reduced and oxidi:ed nitrogen, temperatute and so on, but
the type of p ion problem p by PCBs, DDT and
30 on is hrwy |.nond In a recent official report on tonic .
ds further work to appraise the

- situstion in r mh. estuarine and coastal waters, there appears

to be a large g on the p

sap. C

‘of DDT in raw sewage, this is dismissed as a significant

source of riverine pollution because DDT is solid attached
remains in the sewage sludge, but what happens

and largely
vmvpant. lelly ilutruthrmmmllu bthddu-bhdnlywm“muof

)
3
!
)
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cotrse thut the sludpe is commonly dumped in cstuaries
or cven spread out aver the land so that pollutants such as the
PCBx wre recirculnted through the food chains.

Thesc ate but a few aspects of environmental pollution
which can ultimately lead to man's own detriment. In many
cases the users of pollutant materials, industrial or domestic,
have no conception of their own insidious contribution to
puitution, and in the case of the very useful PCBs it is very
difficuit to see how their disposal can be controlled to
minimise pollution. From the point of viewof restrictingtypes
of wee 10 those Jeast likely to result in pollution, one prod-

_ucer, Monsanto, has made a very responsibie move?? in this

direction, but as PCB manufacture is no longer covered by
patents this may not be effective. It is obvious that _wnth
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their ubiguitous presence the c«em of PCBe and

pounds must be i igated with great thoroughness.

1t is not only to preserve bird populations or other wildlife

but to prevent longmmchnp in man himeelf that such
searches are directed. |

The author is grateful to the H. J. Heinz Co. Ltd, for
permission to publish this paper. f
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