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by R. Edvards
M. J. Heinz Co. Lid, Hayes Park, Hayes, Mididlesex

Pollulion of the global cnvnronmen( by man is rightly
iderable attention b of the increasin
" rullntlon of possible fong term effects on both the physica
environment snd living organisms. Clearly it is nccessary
) to distinguish between short term toxic effects and long term
o ones (f.e. reproductive and carcinogenic effects), these latier
K] being more dificult to assess. The chlorinated bydrocarbons
used as biocides are well documented in their short wcrm
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 jong term eficcts
conplcd with tighter control of their use. With the latter
the main points of entry into the terrestrial environment
are through crop spraying and seed dressings with conse-
quent accumulution in the soil. Fro'n this point they can also
reach the acrial environment secondarily by evaporation
or ‘co-distillation’ and carriage in fine particulate matter.
They are also systemic in plants to varying degrees. Aqucous

e

c, run-off carrics them through the drainage system together
i with industrinl cfiluent sources to reach the warinc environ-
[ ment above the continental shelves. It is thus possible for

these compounds to reach the lower members of the many
foodchains. Man'sdomesticandindustrial use of biocides for

. eP ensoad

will be stored in the fat depots of the body.

The polychlorobiphenyls (PCBs), with a very widely
dupcmd use throughout industry, have very similar pro-
perties to the chlorinated hydrocarbon pesticides, but are
even morc thermally and chemically stable. An important
difference, however, lies in the routes through which they

i the sum "E is here is on indust-
rial effiuents r g the marine medium, and possibly the
burning of industrial waste contributes relatively more to the
aerisl distribution. Although recommended for use in
conjunction with pesticides, there is no documented example
of this known to the author, so that distribution through
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 froin the heads of
fresh water food chains, marine organisms and sea birds.
High levels arc also known in terrestrial avian predators, but
only recently has it been shown! that in one region they can
be found ot levels comparable 10 those for organochlorine
pesticides. While relatively little toxivological work has been
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hygienic purposes leads to cniry 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 (c.g. marine mammals, predatory birds, man)

the concentrations ¢an reach alarming proportions. Lipid

! solubility means that a large percentage of these residues
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The polychlorobnphenyls their occurrence
and significance: a review -

done on PCBs and some of the results are superficially con
flicting, this can be explained and there can be no doubt tha
they have very similar cifects on mammalian and aviar

" metabolic processes to those of chlorinated pesticides, an¢
indeed that synergistic effects can occur between the twe
classes.2 1f any control over the use of PCBs is ultimatedy
attempied this will be much more difficult than with pesti
cides because of the very large number of uscs 10 which the:
arc put,

There cxists considerable difficulty in the analytical fick
because these compounds cannot be separated easily fron
pesticide residucs, and this has probably resulted in quite :
few reports in the past giving falsely high results for sonn
pesticide residues.3 Unknown peaks in gas chromatography,
analyses were carly recognised4—¢ but it was not until Jen
sen? applicd mass specirometry 1o the problem that som
of them were identified as PCBs.

 Propertjes and uses

“The PCBs received early notice back in 18818 and were it
widespread industrial use by 1930.9 The biphenyls, terph
enyls, naphthalenes, and mixtures of these are chiorinates
in varying degrees according to the use to which they an
put,19 and are marketed under trade names such as ‘Aroch-
Jor’, ‘Phenochlor’, and ‘Clophen’. The products are comples
mixtures of the various compounds and isomers. They rung.
from mobile liquids to crystalline materials or hard resins
and whilc the lower members are readily soluble in non-
polar solvents they become propressively less so with increas
ing extent of chlorination. They are extremely stable com
pounds, not hydrolysed by water, acid or alkali, and witt
a thermal stability such that they are used in fire-proofing
They find usc in elastomers, adhesives. paints, varnishes
printing inks, putty and as general fillers. The excellen
diclectric properties Jead to widespread use for electric
insulators and as coolant insulators in transformers. Thi
stability and their low vapour pressures make them ideal o

lubricants, hydraulic fluids, liquid seals, cutting oils anc
vacuum diffusion pump oils. Employment in packagin:
materinls has Jed to the contamination of food.!t Then
are a host of other uses, bul finally it may be mentioned tha:
both the Monsanto Company and the USDH have reportac
that they act as ellective vapour suppressants in insccticid:

formulations and thus prolong the active life of an applica
tion. However, it has not been acknowledged that PCB-
have actually been used for this purpose commercally

. As an ancitlary fact, a patent for the production of PCH

from lindane residucs has been granted. This multiplivie
of usage has repercussions in the analytical area becoum
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many solvents, somc adsorbents and other analytical

materials, and even the here of a lab y can be
conlaminated by PCBs.

Oceurrence In the environment

1t Is now well established that PCBs can be found in wild-
Nfe in many ateas of the environment.h12-26 The highest
levels are generally associated with the industrial arcas and
the adjacent freshwater and marine food chains. The
distribution is incvitnbly not quite so simple as this because
of the migratory habits of some of the species involved!?:24
and the fact of widespread acrial distribution.*® Cohen and
Pinkerton2? reviewed the lutter in respect of pesticides,
mainly over the North Amcrican continent, and found
higher lovels in dust than rainfall. Riscbrough et al25
studied the carriage of pesticides in the (rade winds coming
from Europe and Africa by collecting dust from the air
over the Barbados Islands, and detccied from i-64 p.p.b.
organochlorine residucs. Dust collected over the Califernian
ocoast contained some thousand times preater concentration
of organechlorines, but none could be found in dust collected
from over the Central Pacific, although traces were inferred
from the nature of the particulate matter, While no PCBs
were detected in any of thesc sampies, it was concluded that
they were probably present in trace amounts, Tarrant and

- Tation,2 however, who found organochlorine pesticides in

rainwaler samples taken from all over the British Jsics
showed that levels werc highest in the summer months
(¢/. Riscbrough et a/.25) and in populous areas, also found
PCBs in all of them although they Jdid not estimate the
concentrations. The importance of acrial distribution of
pesticides relative to the hydrospheric distribution has been
stressed by Risebrough ef 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
past in the transfer to the atmosphere, vig dusts used as
carriers in agricultural applications, can be considered as
low in this case. If the vapour pressures of DDT and PCBs
are taken as being of the same order, it would then be
expected that atimospheric levels of PCBs would be low
relative 10 DDT. The relative concentration of pesticides
and PCBs in the hydvospherce and atmosphere have yet to be
convincingly demonstrated.

The outstanding feature of the distribution is the occur-
fence in marine orgi on thé inental shelves round
North West Europe and North Amcrica, and also the
extraordinarily high levels found in some freshwater avian
predators, all associated with cflluent from industrial
aclivity.13:14:16.17.20.21.26 Afong the west coast of the USA
PCBs have been detected in estuarine and coastal waters
in San Francisco Bay, San Dicgo Bay and Puget Sound
{Washington). n arcas remote from industrial activity
round the Bay of California and parts of the Panama coast
for example, birds’ epgs containcd 20-30ug PCB cach, but
near the above mentioned industrial locations the eges con-

" tained up to several hundred and sometimes over i ihousand
ug PCB,egg. The east coast of the UISA has yiclded similar
evidence for contamination by PCBs. Holden and Marsden?s
detecied PCBs in scals from the Gulf of $t Lawrence in shat-
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fow waters (Magdalen Islands) and in the decper walers of
the Cabot Straits. They have also been qualitatively detected
in fish and shellfish from Texas and Georgia, and in ihe
south, in the Gull of Mexico, in estuarine waters at Charle.
ston, S. Carolina, Jevels b less than 0-1 p.p.m. were found in
fish and blue crabs.20 Duke ¢f al. also monitored the results
of an industriaf leakage into the Escambia River which was
carried through several inncr bays through to the Gulf of
Mexico off Florida. Maximum levels at source ranged from
436 p.p.m. in sediment 10 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 ef al.17 investigated levels in -

marinc ecosystems in Swedish watcrs. The closed nature of
the Baltic area perhaps leads to somewhat higher con-
centrations than thosc generally found on Atlantic and
Amcrican coasts. Levels tended to be lower in waters off
Wes! Sweden and to the north of the Baltic proper, in the
Gulf of Bothnia, and higher going south from the Stockholm
Archipelago to the South Baltic, The levels ranged from
0-002 10 10 p.p.m. in musscls and fish up to 150-240 p.p.m.
in white tailed cagles. The concentrations were ecptivalent
to the total DDT levels found. Kocman ef al.}6 qualitatively
identified PCBs along the Netherlands coast from the
Whadden Sea southwards to, and up. the Rhing, in mussels,
fish and birds and their eggs. The uniformity of GC patterns
suggested that they all originated fram pollution of the
Rhine. Holmes, Simmons and Tatton!2 reported the pre-
seice of PCBs in warine birds and their eggs collected
from round the British Isles, and Holden and Marsden!3
showed them to be present in seals and porpoises round the
coasts of Scotland, being highest in those from the cast caast
(sce below). Bonncr,2! investigating the deaths of seal pups
on the Cornish coast, found PCBs here (160 p.p.n. in
blubber) higher than in comparable northern samples
(34-48 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 cgps of marine birds, and comparing
the cast and west coasts of Scotland in respect of two sets of
twenty five eggs somewhat higher levels (7 as against
3:6 p.p.m.) in the western samples. No PCBs were detected
in whales analysed by Wolman and Wilson,2 und this is
compatible with a distribution patlern confincd 10 the
continental shelves. However, this may be a rather naive
use of (he evidence because the water solubility of PCHs,
especially the higher chlorinated oncs, is extremely fow and
the bulk of the PCB is more likely to be assaciated with
sediment on the bottom and entering into the foud chains
mainly vig bottom living organisms. Most whales feed on
plankton, and thus might in any case be expected 10 show
fow levels. A further point of perspective is also piven by
the fact that loss of lower PClls from aqucous suspen-
sions when acrated has been obscrved. 49
Holden6 has iraced aqueous poltution back to one type
of source. The work on seals in Scatland having shown that
“levels were highest in the Firth of Forth region, water
samples from e surface and at depth from (he estuary
and river up to Glasgow showed no detectable amounts
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and only trace quantitics in trunk sewer eflluents. The
zooplankton contained less than 003 p.p.m., and fish up
to 2:6 p.p.m. However, industrial eﬂlucms are usually
passed 10 the sewage works together with domestic sewage,
and so the sludge, which is dumped offshore, was examined.
The fificen samples analysed ranped from 1-185 p.p.m.
PCB on dry weight, with two sewage plants giving con-
sistently high fevels (50-160 p.p.m.), Sludge from Manchester
exhibited somewhat lower levels, and that from London
foss again, but taking into account the varying outputs,
each area was cstimated fo contribute roughly 1 ton/
year PCB 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 so offer
a route to terrestrinl food chains. The question of why it is
that relativcly Jow levels of PCB are found in man and his
domesticated animals, posed in 196730 perhaps now has some
answer.

Distribution in terrestrial and freshwater ecosystems has
Iargely been assayed in terms of the avifauna because of the
cffects of orpanochlorine pesticides and almost certainly
PCBs on some bird populations. The DDT_PCB ratio has
beon used by Riscbrough cr ol. as an cnvironmental
index,14:24.25 but when data is compared consideration
must be made of the various biological factors, such as
tissus distribution, species metabolism, migration, diet,
henlth and age, which all affect residue concentrations.
These authors have shown that the DDT,PCB ratio is low,
below 2, near industrial arcas, and incrcases with the
disfance away to become greater than 10 in remote regions.
The geographical distribution in terrestrial and. freshwater
wildlife will be reviewed within the framework of these
factors, Riscbrough er al'* examined peregrine falcons
and their prey, centring round the Bay of California.
Falkons freshly migrated from the Arctic had low levels
which Increased with residence time in California; the
fovels in the Californian birds increased with age; and the
indigenous adults showed the highest levels. The maximum

Table 1
Jssue distribution of DDT and PCB in peregrives and their pre;
Total DDT BCP DDT/PCB
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values in Table | can be used to show the differcnces in
tissue distribution.

The same authors™ dctermined chlorinated hydrocarbon
residucs in breeding pelicans and cormorants in lakes 1o the
north-west of the Great Lakes (Table 11). As the birds
used the same food sources the clear differences in results
demonstrated a specics difference probably duc to variation
in residue lcvels in the migration areas, but possibly meta-
bolic differcnces in terms of rates of excretion of organo-
chlorines into the eggs may be involved. Birds have also

Table II
Chlorinated hydrocarbon rr.rldur: in pelicans and cormaorants

» DDE rca noL:.rcey
FEggs ,n yr m. p.p.m. raiio
Cormorant 104 8 3
Pelican 17 06 29
Fish (whole) 0-08 0-s 016

been studicd in Britain!2'!9 and the extensive survey (599
samples) by Presst, Jefferies and Moore!? iltustrates some of
the factors involved; firstly habitat and migration (Table }11).
Sccondly; the cggs from marine birds from two colonics
widely scparated from one another demonstrates very
convincingly (Table 1V) specific differences related to
migration habits. The guillemot spends the longest time in

Table IV .
Speclfic differences relaied to imigiation kabits
DD1iPCB ratio

St Abbx Head Galloway
Guillemot 0233 0-250
Razorbill 0500 0455
Shag 0-625 0127
Kittiwake 0-666 0-§75

coastal walers, the Kittiwake the shortest time there, for
breeding purposes only, and the Shag 15 essentially seden-
tary. The elfect of health on rclative and absolute levels is
scen in the report by Bonner™t on scal pup deaths. (Table V).

E[eﬂ a] chlorinated hydrocarbon levels an seal /mp health
PC,

ppm, pp.m. ratio Total DDT DDT.PCB
Percgrines: unbatched egg 02 102 100 pom__ppm il
muscle 100 2% 10 Liver:  Cornish 24 46 00s
liver n 57 - 13 Nouthern (well fed) 06 4 015
body fat 0 32 156 Northern (starving) 20 6 033
Proy: [rry 5 45 33 Blubber: Cornish 111 100 007
whole body 9 - 98 55 Northern (well fed) 98 k2] 029
muscle 264 0098 270 Northern (starving) 181 48 038
Table NI
Habit and migration factors gffecting chiorinated h)vlmra:bon residues
frer F274
Bird cless No samples Mean p.p.m. No samples Mecan p.p.m.
{») Terresivial predators:
statle 3 45 1s 17
partial migrants 49 43 6 29
migrants 9 10 M 10
() Freshwater (mostly static and mosily herons) n . 345 124 47
{c) Marine 4 25 96 40
——— MONS 086583 -,
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One of the most striking featurcs of freshwater specics is
the extraordinarily high levels in herons at the head of a
food chain where up to 900 p.p.m. have been found!® in
British material. As the British heron is sedentary, occurs
nearly all over the country, and there are few migrants
from (he continent, this species might be expected to be
& goad pcographical index of PCH distribution. Unfortun-
ately ncarly all the samples obtained in the survey of
Presst of al¥® came from the Midlinds and South East
s0 that no clear pattern emerged. However, the age factor
Is well illustrated by this species s the average liver levels
for nestlings was found to be 5 p.p.m. while that for adults
was 98 p.p.m. Dict is of course an imporlant consideration,
and means that diflerent species from the same area can
exhibit very differcnt PCB concentrations. Thus, while birds
feeding on insccts have shown 0-1 p.p.m. (livcr) raplors
feeding on mammals yiclded 0-50 p.p.m. It is necessary
then, when comparing or interpreting data, to take into
consideration all these factors. Terrestrial restriction of
PCBis to near industrial arcas would seem to be reinforced
by the failure of Holden?6 to find them in freshwater fish
in Scotland, and by Davis® who failed 10 find them m
beetles, carthworms, slugs and grasshoppers of onc agri-
cultural arca in England.

To what extent arc PCBs found in human beings and
foodstufMs? Jensen in 1966 first reported? the prescnce of
PCBs in human hair, and fater reportsi2:23 jndicated that
levels in man and his foodstufls were lower than those found
in birds, and below 1 p.p.m. One cxceplional case has been
recorded,?? howevcr Recently a very extensive survey of
foodstufls in § fed between 1967 and 1969,
and snalysed for org hlorine pesticides and PCB’s, has
been published.}

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

human milk relatively more DDT is excreted and the average *

over 22 samples was 0:107 p.p.m. DDT and 0°16 p.p.m.
PCB. Other selatively high samples are egy and butter,
(Table VI)

Table VI
Yoral . DDTIPCB (p.p.m.
No DDT rcs whole material) *
Human milk 22 0107 016 0668
Erg, yolk 20 o2 0027 .
Butier 12 o) 003 333
Toxicology

Soon afier the beginnings of industrial use of the chlorinated
naphthalenes and biphenyls early in this century, human
exposure was scen to lead to skin crupuons {(chloracnce)
and i animal inhalation and feeding experiments (1919), it
‘was shown that liver damage occurred with the chilerinated
naphthalenes. As a result of three human deaths, investi-

134

gations were continued in the 1930s, and it was further
demonstrated in work on rabbits that in the naphthalene
series the higher chlorinaled mixtures were the most toxic.
The work was expanded by Bennelt e a/.92:3 who aiso used
mixtures including PCBs, and PCBs alone. A PCB con-
taining 65 per cent chiorine was used, and later one con-
taining 55 per cent. The substances were applied (o rats by
inhalation, subcutancous injection, and oral means, and it
was confirmed that the high chlorinatcd naphthalenes were
more toxic than the lower ones, but that the PCB was more
toxic still. Here, feeding at a lower rate (0-05g rat every other
day) produced extensive mortality, and as with the naphthal-
encs resulted in yellowing and enlargement of the livers.

. Liver damage caused by these compounds had not disap-

peared two months after dosing had ceased. This damage
cavised the animals (o be extremely sensitive to damage by
other compounds, e.g. carbon tetrachloride (used as a solvent
for these mixturcs), and much smaller doses than normal
were rapidly fatal. Miller in 19443 experimented with a
PCB containing 42 per cent chlorine and worked on guinea
pigs, vats and rabbits, using feeding, subcutaneous, skin and
corneal applications. He used single doses ranging from
69 to 690mg and courses totalling up to 1380mg (over up 1o
54d) and found that puinca pigs were the most sensitive,
rabbits Jess so, and rats least sensitive in respect of liver
damage. Damage was largely confined to the liver but in
rats there was also hypertrophy of the spleen. The occurrence
of hyaline bodies in the liver was confined to the rat. Von
Oesttingen in 195535 found that even 0-05g/d fed to rats
caused liver damage. Skm lesnons were similar to those
found in man.

Man's exposure to lhese chlorinated hydrocarbons lcads
initially to dermatitis, then liver damage with resultant
Jjaundice, and Greenburg,?6 reviewing the situation in 1939,
concluded that there had probably been at least six human
deaths from this cause. Beanett ¢f a/.32 had measured the
air concentration at thirty industrial plants and suggesied
a maximum allowable concentration (MAC) of 0-3mg 'm3
for tetrachlorinated and higher chlorinated naphthalencs,
with the obscrvation that these levels had certainly been
grossly exceeded over the previous twenty years. This work
resulted in increased awareness of the hazards from vapours
of these p and y improveincits in
industrial conditions has largely climinated this source of
danger (but sce Biros22). The American Conferenee of
Government and Industrial Hygienists in 19537 laid down
an MAC for the lower chlorinatcd PCBsof 1 -Omg 'm?, andfor
thehigherchlorinatedones(‘Arochlors’ 1254-)0-Smg m*. This
appears to presume parallelism with the naphthalencs, and
these figures are perpetuated in handbooks of industrial
toxicology,38 but recent papers2+4S point 1o the reverse situs
ation (sec below). These MACs are to becompared with those
for 'Aldrin’ and ‘Dicldrin’ (0-25mg’m?, tentative) and para-
thion (0-Img /™). The oxidised chlorinated biphenyls ate
more toxic than the parent compounds.38

McLaughlin in 1963 published the results of toxicological
studies on a number of chemicals which might be found in
food3? using a sophisticated method hased on injection into
{ertile hens’ eggs. 25,000 eggs were used over three vears and
strict controls sct up. Among the compounds tested wis the
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SArochlor 1242° injected at 0-025 and O-Iml giving a O and
$ per cont hatch as compared wilh aver 95 per cent in the
control group. Teratogenic cflects were also noted in some
of the chicks which did hatch. These results may be com-
paied with those for *Heptachlor®, where 0-05 and 0-10mt of
a | per cent solution in propylene glycol (non-toxic) gave a
75 and 65 per cent hatch respectively.

Flick ef al40 endeavouring to idemify the factor causing
the chick oedema discasc, following scports that the factor
was highly chlorinated and that a plasticiser (PCHB) uscd as
a enge wire conting fed at 0-01 per cent or higher caused
ocdemn in chicks, investigated the cffect of ‘Arochior
1242, Groups of twelve chicks were fed on diets containing
200 or 400 p.p.m. over & three week period, changes in
weight being noted. Weight gain was lower with the 400
p.p.m. dict and indeed loss took place at the end of the
period. Three chicks on this diet dicd. Here the hydroperi-
cardium volume was ten times larger than with the 200
p.pm. level or the controls, the pancreas, kidneys and
adrenals aflected, and haemoglobin levels were Jower, The
PCB produced similar cffects to the oedema factor, but
was not 30 potent, and gas chromatography demonstrated
that it was not the same.

Two groups of workers, Risebrough, PeakaH er /. in the
US19:2441-3 and Jeferies, Moore, Presst ef al. in Great
Britain, 944 have actively pursued the cffects of organo-
chlorine pesticides and PCBs on birds. The decline in

lations, especinlly raptors, has been
attributed to the presence of organchlorine pesticides, but
it is also possible that PCBs have played & parct it 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 ‘Dicldrin’,
Letha) toxicity to the adult bird is not the only factor because
it has been shown!441 that organochlorine pesticides at the
order of onc p.p.m. are effective in inducing steroid
hydroxylascs in avian liver, thusdeading to lowered oestrogen
Jevels and reduced reproductive enpacity. Added to this
DDE has an entirely different effect on the reproductive

. system, that of causing epgshell thinning, which causcs added

failurcs in reproduction. Teratogenic effects may also occur

. because of the excrction/concentration factor in the eggs.

It is thus necessary to review the effects of the organo-
chiorinc pesticides on birds in conjunction with thosc of the
PCBs. '
Following work by Peakall,#! which demonstrated that
pigeons fed with DDT at 10 p.p.m. andfor *Dicldrin® at
2 p.p.m. for one week had higher levels of testosterane ot
progesterone metabolites than controls, Riscbrough, Peakall
el al.'’® compared the effect of DDE, DDT and PCB
(*Arochlor 1262°) in incrensing the levels of polar mctubol-
ites in oestradiol metabolism, again using pigeon liver
isolatcs in vitro. Their results arc given in Table V1.

Table VIL
Polar metabolites formed (i moles)
Control 29
DDE (40mp/kg) 7
DDT (40mgkg) R 1 ]
PCHB (20mp'hg) 10

20 November 1971  Chemistry and Tdustry

This PCB has about five times the capacity to reduce
oestradiof levels than DDT or DDE. The effect of a single
dosc of DDT may last for over two months. This work
was extended to compure the effects of two different PCHs
in kestrels, again wiing liver microsome isolates.#> The

kestrels were fed at 0-5'and 5:0 p.p.m. levels with ‘Arochlor,

1254" and ‘Arochlor 1262°, and the results were as in Table
VIHI.

Table VI
Polar metaholites {(nmoleslg microsomal
fraction)
254" ‘1262°
- Control 0 0
05 p.p.m. 1365 1905
50 p.p.m. 60°S 4198

While these figures do not clearly indicate the relative activity
of these PCBs, it has been shown that ‘Dieldrin' and 'CB
arc much more active in reducing ocstrogen levels than either
DT or DDE.4? That pesticides reduce oestrogen levels in
mammals has also been demonstraied.

Presst, Jefferies and Moore#t investigated the lethal
eflccts of ‘Arochlor 1254’ on Bengalese finches. Food
containing higher Jcvels 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 LDjo as 253-6mg/kg/d.
Seven out of the 38 birds died. Enlarged kidneys was the
main feature, with in two cases increased volume of peri-
cardial fluid. Whilc 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-
cenfration will be fatal will depend, as with organochlorine
pesticides, on the condition of an animal, Considerable
storage in fat is possible and until this reservoir is saturated,
concentrations will probably 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 rescrves are mobilised 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
considerably and will themselves be mobilised ultimately,
The authors therefore suggest the brain/liver percentage as
a uscful index, being high in those birds that died (837 per
cent and fow in the survivors (26-4 per cent). The 1D¢g
for PDT is some thirteen times lower than for this PCH,
but consideration has to be given to the fact that while the
DDT mortality curve is steep (no deaths at 1000 and alt dead
at 1200mp/kg/d), the PCB curve is shallow, so that at low
Jevels PCB may be mare toxic than DT, 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 cvidence, that the PCBs do not vary markedly
in toxicity and this is it variance with recent works+4* 4o (sce
helow), the PCB used here being of relatively low tovigity.
Additionnlly the anthors do not consider the possibility of
synergistic effects.? 1t was recognised that the position with
sublethal effects may be different.
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- - Very little work20:47-9 has been done on the effect of PCBs

(and terphenyly) on aquatic organisms. despite the fuct that
it is known that some marine crustices and fish are very

sensitive to organochlorine pesticide  residues.?* For
example Crongon vilgaris (brown shrinyp) has an LC <o/48h/
15°c for DDT of 0.003 ~0-1 p.p.m., and levels as low as
0-0001 p.p.m. may be detrimental to some species of
mollusc. One dificulty in the study of toxicity to aquatic
organisms is the extrentely Jow solubility of these com-
pounds in water and the difficulty of obtaining sufliciently
stable emulsions.#7-® The use of sclubilising ageats. of
low toxcity, overcomes this, Zitko, using ‘Coresit 7664° 1o
solubilise ‘Arochlor 1221° and 'Arochlor 1254°, carried out
192 hour tests with these compounds using Atfantic salmon
pare. He found that concentrations above 2mg/l were lethal,
Wildish*® using ‘Arochlor 1254' in emulsions, or solubilising
with ‘Corexit 7664°, carried out 30d tests with Ganwmarus
oceanicus and found lethal threshold values of 0001 to
0-01mg/l *Corexit’) and 0-0l to 0-Img/l (cmuisions),
Guthric e al47 tested mixtures containing chlorinated
terphenyls and their oxidation products and found lethal
threshold valucs of about Smg/l and pertinently that low
oxyn(-n fevels in the water enhanced the toxicity. Duke
¢4 0l.29 who monitored PCB levels in biota and scdiment in
the Escambia Bny arca of Florida as a result of an mdusmal
Jenkage of PCB into the E bia River, conducted both
acule toxicity tests and 20d bioassays. 48h tests on pinfish
and juvenile shrimps at the 100 p.p.b. level was not toxic

to the st 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. resulied in
19 per cent decrease in shel) growth and 100 p.p.b. 100
per cent, Resultant whotle body concentrations for the (hree
organisms were 17, 39 and 33 p.p.m. respectively. It should
be noted that the oysters when replaced in PCB free water
for three weeks recovered their normal growth rates. In
the 20d assays using a concentration of 5 p.p.b., a 72 per
cont mortality occusred in juvenile shrimps and § per cent in
Juvenile erabs. It would appear then from all this work
that some crustacea and molluscs are as sensitive to PCBs
asthey are 10 organochlorine pesticides.

Some toxicological work has been effected using insccts, 2:46
Moriarty? dosed fourth instar nymphs of Chorthippus
brinneus (grasshopper) topically with ‘Arochlor 1254" at
12:5, 50 or 200,18 levels, but found that definite mortality
was only associated with the 200ua group plus & possible
sub-lethal effect associated with moulting (fat mabilisation).
‘The nwximum amounts of PCB in individuuls of the Iatter
group were 14ug (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 50 Drosophila
melanogaster were placed in contact with vessels conted

with a layer of the substance or mixture of substances, .

and groups of 15 Musca domestica were doscd topically.
Tests of the individual substances showed that ‘Dicldrin’
was some 25-30 times more toxic than DDT, and 1-8000
times more (oxic than the PClis. The higher chlorinated
biphenyls, and the terphenyls, pave rise to no mortality in
the 24 or 48h tests, but toxicity incrcased with decrcase in
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chlorine comtent in the iower hall of the series. These resulis
raise doubts as to_the relevance of the many papers which
have used *Arochlor 1253°, which here has littie or no effect
under these conditions. The syncrgistic effects with *Diel-
drin’ were positive with some of lower ‘Arochiors’ 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 results from one phylum to another and short
term toxicity may have little bearing on long term cfects,
nevertheless this paper is a strong indication that consider-
able carc should Le taken in planning these toxicological
studies.

Work using mammals is equally sparse. A preliminary
study by Sabotka,® using ‘Arochlor 1254’ and *Arochior
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 10 Z4h after administration. There is a clear
diflerence between the two groups of substances, DDT
probably attentiating and PCBs probably enhancing central
inhibitory systems. The paper by Bitman and Cecil*
surveying the oestrogenic activity of DDT analogues and
PCls in terms of the 18h glycogen response of inunature
rat uterus assumes considerable importance in relation to
a lot of the work cited above, The stereochemical require-
ments are quitc strict, and in general for diphenyl-methane
and -cthane, and triphenylmethane compounds activity is
restricted to those where either the pp’ positions are vacant
or filled by hydroxy or methoxy groups, being inactive
where halogen or alkyl groups are present. So the pp’
compounds perihane. keithane, DDE, DDD and methoxy-
chlor are inactive. However, pp'DDT is active and the
op'isomer some sixicen times more so, while of the others
mentioned only op’DDE gains a response. ‘Arachlor’s
1221-48’ arc about half as active at pp’DDT, but the higher
members areinactive. (¢f. Lichtenstein). In perspective though
these compounds only have somcthing like 10~} 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 Jess so.
Perhaps another significant point is that the oo’ and pp'bi-
phenols have an equivalent ocstrogenic activity, The lower
chlorinated PCBs could be degrided in the atmosphereas has
been shown by laboratory cxperiments where the greatest
diminution in one gas chromatograph peak was found
where PCBs on an aqueous surface were subject to UV
irradiation.*! At the same time it has been observed!?.17-81
that the lower chiorinated PCBs tend to be absent in wildlile
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 ef al.*2 reveals another important aspect. They discov-
cred that two out of three 60 per cent chlorinated PCBs
contained highly toxic oxvgenated impuritics. These two
commercial preparations (‘Phenochlor DP6°, ‘Clophen A607)
when injected into hens’ cpgs at the 3-Smg fevel caused
almost 100 per cemt mortality whereas the third sample
(*Arochlor 1260") gave a relatively low mortality. A [raction
containing no PCBs was isolited from one of them by
*Florisil® colunm chromatography and shown to by tovic.
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Ghs chromatography and mass spectea showed this fraction
to contain tetrac hloro and pentuchloro~dibenzofurans which
were, however, miasked by hexachloronaphthalenc and hep-
tachlorobipheny! respectively, thus limiting the accuracy of
quantification. The pentachlorodibenzofuran was estimated

20 November 1971 Chemisiry and Indusus

pp'DDE that of pp'DDT. PCBs may continuc to cmerge
with retention timcs up to four or five times that of DDT.
it has been noted in this laboratory that response 10 PCBs
refative to organnchlonnc peslmdus can be small on some
columns, and from the view: poml of determining pesticide

1o be at about the S and 20 p.p.m. level in the two pl
That PCB excrlcd a similar cflect to that of the chick oedema
factor (CEF) had been noted previously,*® and that toxico-
logical studics using PCBs inad produced variable results,
1,2,3,7,8.9,-hexachioro dibenzodioxin has now been identi-
fied as one of the ocdema factors®? and it may be recalled that
the toxic factor in the weedkiller 2,3,5-T was shown 1o be a
tetrachloro dioxin.®3 In fact these chiorinated dioxins and
dibenzofurans are very highly toxic groups of compounds.
0-2ug pentachlorodibenzofuran is necded 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 crude PCB. Pentachlorophenol
(PCP) and 2,3,4,6- tetrachlorophenol are possible precursors
of CEF and have been found 10 be presem in toxic oleic
acids. ™

3t s evident then that other compounds bcsndes the PCBs
themselves should be sought for in wildlife and that indivi-
dunl compounds as well as commercial preparations should
be wsed in toxicological studics. Unfortunately the indivi-

" dual PCB compounds are not readily available.

olden and Marsden3S have already noted the presence
of unidentificd polar compounds in wildlife extracts. It is
to be hoped that the cursent FIDA programamc®® on the
toxicology of PCBs takes into account all these factors,

Amlysis

PCDs are extracted together with chiorinated hydrocarbon
pesticides in rowtine residue analyses,37 and being complex
mixtures of compounds with GC retention times on non-
polar columns almost identical 10 a number of pesticides,
notably of the DDT group, present an analytical problem
which is not completely soluble by gas chromatographic
means alonc. Chemical conversion of the pesticides,
Jeaving the PCBs almost unchanged, provides & partial but

not completcly satisfactory solution, but group separation

is fundamentally sounder, this of course providing additional
evidence of identity. Both thin layer chromatography and
column chromatography have afforded quite good partial

separation of PCB; from pesticides and the best scheme™s,

claims to Jeave only ‘Aldrin’ with the PCBs, with which
there s very littlc interference by the PCBs, A number of
workers!322:59.00 have confirmed the presence of PCBs
in living tissucs by means of mass spectromeiry, but apart
from this means the quantification of PCBs prescnts severe
problems because of the large number of compounds
involved and that the individual compounds arc not readily
available, so that most authors have only been able to
calculate approximate figures.

QGas chromatography reiention data for PCHs is now
adequately documented!2-16:18:26.00.61 (and alsu!-2:1314.20.
24.25.30.39) gnd on non-polar columns the min region of
interference of PClis and organochlorine pesticide residues
with one another may vary from the point of cmergence of

resid can liorate the situation. However, using more
polar columns, eg. ‘QF-1' or *XE.60'):.1%8961 pPCHs
emerge Jargely prior to the DDT group, which allows simple
quantification of the latter, but may still leave an unsatis-
factorily complex chromatogram. Improved sesolution of
PCB T has been claimed®? using novel stationary
phases.

One alternative has been to alter the retention time of

. pesticides by derivatisation, leaving the PCBs intact, and of

course aiding the identification of the pesticides. Jensen*®
uscd 8 mild nitration technique adapted from Erro ef al.
and originating from the Schechter-Haller method, claimed
that the PCBs remained unallcred while members of the
DDT group wcre effcctively removed, although other
organochlorines {e.g. ‘Toxaphcne’, heptachlor epoxide.
lindane and BHC) are not removed. This scheme (1:1
HNO3/B,50, for Smin at 0°c) was followed by Risebrough
ef al.}430 but Reynolds$! found that DDT derivative
peaks ultimately emerged on the chromatogram making
for an unprofitably long analysis time. Moreover, some lower
chlorinated PCBs appeared to have been affected by the
procedure. Saponification with alcohiolic potash!¥14:20 jeads
to the dchydrochlorination 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 also been
differentiated from DDT using carbon-skeleton chromato-
graphy.64

Scparation pnor Lo gas c)lromnlography is 10 be pre-
ferred not only b 8! can be
obtained but becavse this will give ncnrly as much evidence
as to identity as derivation. Thin layer chromatography,
reverse phase paper chromatography!2 and column chroma-
tography afford means of obtaining partial separations of
organochlorine pesticides from PCBs and fractions can
easily be obtaincd where only ‘Aldrin’, ‘Heptachlor®, and
pP'DDE remain with the PCBs. The former two arc not
very important in respect of the gas chromatography
separation because there is usually little interference between
them and PCBs, but pp'DDE can emerge with the major
PCB peaks using non-polar columns. Thin layer chromato-
graphy has given this sort of scparation using silica gel!* and
alumina,!*2 and in column chromatography Holdén and
Marsden26:45 cluimed good separation of PCBs using either
alumina, silica gel, or both in scries with long narrow
columns. Reynoldsé! documented a separation with *Flori-
sil’, while Bevenue and Ogataé? commented on their failure
to reproduce this work in terms of pesticide scparations
only, and noted the differences in activity between ‘reguiar’
and ‘PR Florisil’. This reviewer has found no difliculty in
obtaining this separation using ‘Florisil'. Armour and
Burke38 in a carefully documented paper showed that it was
possible to carry out a separation leaving only ‘Aldrn’
with the PCBs. For this they used silicic acid patly deacti-
vated with 3 per cent water mixed with celitc and cluted the
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PCBs ('Arochlor’s 1254 and 1260") with petrolcum ether.
*Arochlor 1254° needed the farger volunte of cluant and the
seporation was more critical, The cautionary note is added
that any trace of polar solvent in the sample will make the
separation impossible and pp'DDL will emerge with the
PCBs. Also, the separation is only pessible provided that
the column (20-+-$g) is not over loaded {i.c. not exceeding
20ug PCB). This then solves the main separation problem
leaving on polar pas ch graphy only
a small PCB peak which may interfere with the estimation
of *Aldrin'. These authors have aiso documented the separ-
ation of chlorinated naphthalencs.6*

Confirmation of identity has been achieved by combined
gas chromatography/mass spectrometry,1$:22:19:60 but gener-
ally quantification is not simple because of the large number
of compounds involved and because these are not readily
svailable individually for reference purposes. ) it can be
assumed that a fraction contains only PCBs (ie. in a
column chromatography or gas chromatography effucnt)
and that the composition on a gas chromatography frace
conforms to that of a commercial mixture, then micro-
coulometric estimation will give an answer. Jensen et al.,}?
using a combination of mass spectrometry, ECGC and
microcoulometry obtained resuits which were only accurate

_ toabout a factor of 1wo. With the same assumptions electron

capture detection can be used, referring to commercial PCB
mixturcs cither by estimating the total peak area’9:$9:63 or
basing the calculation on one! 1619 or more?0 suitable
peaks. pp'DDE or ‘Dicldrin’ may be uscd as an internal
standnrd.'6:$0 One empirical approach calculated one PCB
peak ns pp’ DDT and multiplicd by a factor of ten to obtain
a result;2 anotherss took the total arca:weight ratio fo be
equivalent to that for DDE; and another 1439 assumed the
response of each peak 10 be equivalent to DDE and applied
a correction factor from the use of microcoulometric
detcction (the authors did not have permanent access to a
microcoulometric detector). Gregory$? studying the clectron
eapture coeflicients of mono- and dichloro- and methyl-
biphenyls showed that there is over a twentyfold variation
betwoen the chloro compounds. Zitko*® determined the
concentrations of PCB in fresh and salt water by means of
ultraviolet sy ph ry and fi e. While the
fower chiorinated PCBs can be preparcd casilyss and only
simple mixtures formed when using the Ullmann reaction,
the higher members are more difficult to make singly.

Discussion -

The decline of certain bird populations was associated with
the use of *Dicldrin® secd dressings and has been attsibuted
to lethal toxic cffects. With incrensing awareness of these
dangers, better monitoring and usage control, at least in
developed countries, lethal toxic cfiects are progressively
less likely to occur. Rather, the significance of PCBs (and
pesticides) to man and other organisms must now be seen
in the context of sub-lethal effects having long term influence
on populations through the medin of reproductive processes
(reduction in fertility, delays in breeding), teratogenic and
carcinogenic effects on both the parent and later generations.
LDyo tosts, even over a long pesiod. are irrclevant from this
viewpoint. Certainly it is true that severe manuuatian
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liver damage and death can result from high PCB levels but
these are only reached in a few foodchain heads, and the
normal levels found in man arc not of this order. To be sct
against this. however, is the finding (in LDgg terms) that
while with DDT there appears to be a definite *no cflect’
Ievel this is appnsently not true for PCB. Precisely what
compounds arc responsible for the toxicity of PCBs is
not yet clear, but it scems certain that it concerns the lower
chlorinated compounds and probably the oxidation
products in vivo or in vitro. 1t also cmerpes that impuritics in
some commercial mixtures are certainly highly toxic, and
if the fact of synergistic cffects, though demonstrated as
yet in onc arca only, is taken into account then the pictuse
becomes a very complicated one. Clearly it is extremely
difficult to carry out strictly controlied toxicological studics
at a feeding level of the order of 1 p.p.m. over a long period,
and in terms of multigeneration tests. The need for mulii-
generation tests may be related to DDT, where, despite
many years study, it has only recently been indicated that,
with only the original parents dosed, carcinogenic cffects
may occur in laler gencrations (6th generation mice).
DDT may again be used to illustrate the sort of effect which
may be looked for. In California, Oregon and Washingion,
genetic changes in the fruit fly population have been shown
to result from heavy spraying programmes in these arcas,
and in the latter two stales were tied 1o 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 essentia) differences in the
situation. The PCBs are spread all over the continental
shelves which are fed by industrial effluents,

The toxicology of the weedkiller 2,4,5-T4* and of mercury
residucs®® has recently come to the fore and they present
somic parallels with the PCBs. While in contrast to PCBs
there is a definite, but small, contribution to agricultura)
pollution, by mercury from seed drcssings, the industria)
contribution must fcad to a similar marine distribution to
PClis, although as yct very little is known about this area,
Mercury, in contrast to PCB, is only cumulative in living
tissuc 10 a limited extent, and there is a definite natural
contribution from the sea floor. The massive acrial usc of
the weedkiller 2,4,5-T as a defoliant by the Amcricans
resulied in teratological as well as direct toxic effects due
to traces of a chlorinatcd dibenzodioxin. Tt 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 also highly toxic.

Water pollution is receiving considerable attention
within the tradilional framework of oxygen deficiency,
reduced and oxidised nitrogen, temperatuse and so on, but
the type of pollution problem presenied by PCBs, DDT and
80 on is largely ignored. In a recent official report on tovic

hemicals, which e ds further work 1o appraise the
situation in fresh, cstuarine and coastal waters, there appears
to be a large conceptual gap. Commenting on the presence
of DDT in raw sewage, this is dismissed as a significant
source of riverine pollution because DDT is solid attached
and largely semains in the sewage sludge, but what happens
to the sfudge is blithely ignored. The ironic situation is of
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course that the sludge is commonly dumped in estuaries
or even spread out over the land so that pollutants such as the
PCBs arc secisculated through the food chains.

These arc but a few aspects of environmental pollution
which can ultimately lend 10 man’s own dewriment, {n many
cases the uscrs of pollutant materials, industrial or domestic,
have no conceplion of their own insidious confribution to
poliution, and in the case of the very uscful PCBs it is very
difficult to sce how their disposal can be controlled to
minimise pollution. From the point of view of restrictingtypes
of use 1o those Jeast likely (o result in pollution, one prod-
ucer, Monsanto, has made u very responsible move?® in this

direction, but as PCB manufacture is no longer covered by.

patents this may not be cffective. )t is obvious that with
their ubiguitous presence the effucts of PCBs and associated
compounds must be investigiated with great thoroughness.
Jt is not only Lo preserve bird populations or other wildlife

but to prevent fong term changes in man himse!f that such

scarches are dirccted.
. The author is grateful 1o the H, J. Heinz Co. Ltd, for
permission to publish this paper.
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