BY KEVIN P. SHEA

The worldwide
pollutant that

nobody noticed.

Novemper 1975

THE POLYSTYRENE COFFEE cup you used this morning, plastic liners
for baby bottles, {rozen-food bags, bread wrappers, and many other

" . products which come into contact with food contain PCBs, or potychlor-
‘. inated biphenyls. While recently issued federal standards restrict these
» . toxic materials to much less than 1 part per million in most foods, PCB
- . concentrations in the food containers just named have been messured at

as high as 6.6 parts per million. No one knows whether these PCBs leach
out into the milk held by baby-bottle liners or the coffee held in
polystyrene cups; this is just the latest in a long series of riddles

.. surrounding the use of PCBs.

Polychlorinated biphenyl compounds had been in use for 36 years

" before their discovery in 1966' in the flesh of fish from the Baltic Sea

set in motion an intensive worldwide research effort to determine the
extent of their distribution in logical sy and the possible danger
their distribution may pose to humm health. Since their belated discov-
ery as important global pollutants, PCBs have chalked up an impressive
record of finding their way into human food chains, sometimes by
totally unexpected routes, and ha.e been responsible for huge cconomic
losses in the food industry and, at least in one case, for a serious epidemic
' of human poisoning. Although important steps have been taken to
' prevent such episodes from recurring, there remain a number of ques-
tions to be answered regarding the uses of PCBs, their effects on
biological systems, and their routes of entry into the environment.
Oddly, it was the expencnoc gamed in the pursull of information
about another group of envir the chlorinated
synthetic pesticides (DDT and its relatives), that both helped and hin-
- dered in tracking down the vanons pa(hw:ys through which PCB might

©  enter and spread throughout t By the middle 1950s
- analytical techniques had been devel d (gns chr graphy) that
were able to detect very small t of envir tal i

Analytical chemists, however, could not, with any certainty, identily a
particular compound unless they knew preciscly what they were looking
for. In the case of DDT, for examplc, they could compare known
samples of DDT with results obtained from chromatographic analysis of
environmental samples.

In 1964 the Swed-» Roval Commission on Natural Resources em-
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ploycd Dr. Soren Jensen of the Univer-
sity of Sl«kl\olm to begin & study of
in the Swedish en-

vitonment. ll was during this study that
Dr. lcmn and his collcagucs began to
on their ch of

mml substances totally unknovm to
them but apparently related to the chlo-
rinsted pesticides.” At first it was
that the pounds might :c'

chlorinated pesticides. To check this
ides, Dr. Jensen collected (rom the
Swedish Museum of Natural History
feathers from specimens of the white-
tailed eagle for sach year dating back to
1888, By this technique it was learned
that the unknown compounds first oc-
eumﬂ in feathers in l902 and could
f not be chiori
or their breakdown products. 1t was not
until two years later, after a great deal

ilar, other information indicates that
PChs may be the most important in
terms of ccological damage. First, »CBs
scem to be far more stable - that is.
because of their chemicai structure they
are less susceptible to being broken
down by sualight, water, and micro-
biological action than are the chiorin-
ated pesticides, When DDT and rcCas
are added (o an activated sewage sludge
and are digested anaerobically, DDT is
broken down, mainly to DDD and other
compounds, within & few days. PCB

. compounds, however, will remain intact

for as long as 40 days.® Anaerobic diges-
(lon in uwm sludge is one of lhe most
for d ining the

:mnlnty ofs yolennul pollutant,
Another difficulty is that pcBs,
rather than being one specific chemical,
are a mixture of a large number of close-
Iy reiated but different chemicals. For

of detective work, that the i

ants were (uily verified a3 polychlorin-

ated biphenyls.
Part of the problem in identifying

le, a careful lysis of Aroclor
1254, g a widely used commercial PCB
preparation showed thst it is u:(unlly

normal J such as d:
In tln past, DDT has heen mphn\d in
ion of the reprod: cycle

of some birds, and it is thought that the
mechanism has something to do with
hormonsl imbalance brought about by
the increased production of liver
enzymes at the wrong tims.

PCBs have other effects on the liver.*
In both Japsnese quail snd Isboratory
rats, dietary levels of 100 parts per ma-
lion (ppm) fed for two months resulted
in enlarged livers, an increase in liver
fats, and a sharply reduced liver content
of vitamin A. in rats the decresss in
liver vitamin A storage was 50 percent
that of untreated animals.

Other subtle physiological effects
have been observed in laboratory ani-
mals fed various PC® compounds. Inter-
ference with the production of adeno-
sine triphosphatase (A TPase) in fishisa
good example. ATPase is an enzyme
which makes eaergy avsilsbis for impor-
tant biological reactions such as in the

PCBs was the difficulty during analysi
of separating DDT residuss from thoss
of pCBs. With analytical equipment
widely used until 196S, the identity of
certain PC3 compounds and one of the
besakdown products of DDT could
easily be mistaken for each other. In Dr.
Jensen's opinion it is quite likely that
many DDT analyses made prior to 1965
could have been wrong. However, unoe
1966, with a steady imp

'nomponﬂ of 69 different ch proteins, muscie t
of these 3 tions, the d of nerve P
were idered major of and glandul ? At levels 33

the mixture, while S0 were classified as
minor constituents. For the most part,
analytical and toxicological studies have
been conducted with commercial ¥CB»
preparations while little attention has
been given the individual chemicals that

make up thess prepumom. ‘many ol .

wlnch may have unique

low as 0.6 ppm, Arocior 1242 inhibited
the ATPase system in bluegill tissus by
as much as 50 percent.

Still other effects that have besn re-
ported inciude edema (the accumulation
of fluids) of the tissues surrounding the
hesrt, porphyria (an abnormality of
blood pi bolism), thickeni

snalytical methods and a rapidly uovl
ing interest in the biological activity of

. PCBy, it has now been established nm

-.

Finally, while PCBs sre not quite as
poisonous as DDT when consumed oral-

PC8s sre among the most
persistent, and widely dispersed environ-
mental contaminants.

A comparison of p

ty, thw do possess ﬂmxllr uhlhty to
alter

Like nnr PCBs have been shown to be
potent mduun of liver enzymes ins
of | is. That is,

d figures
for the U.S. sione sheds some light on
the relative importance of DDT and
PCBs. During the period 1945 to 1968,
us. production of DDT was about 933
million pounds.’ It is certain that nearly
all of that production was sprayed into
the environment somewhere in the
world. During the years 1930 to 1970,
totad U.S. production of PCBs was ap-
proximately one billion pounds, of
which, it has bean estimated, 780 mil-
lion pounds has entersd the environ-
ment via the atmosphere, water systems,
snd dumps.* Add to thess (igures the
production of PCes in Europe, Russis,
and Japan, and the total amount of
PCBs entering the environment on &
global basis msy approsch that of DDT.
Japan, for instance, produced
114,660,000 pounds of PCBs between
1954 and 1971.

Physiological Effects

While the amounts of PCBs and DDT

reisased to the environment may be sim- -
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when fed to hbontory animals in small
doses they stimulate the liver to pro-
duce enzymes which then act on other
body substrates. The clearest measure of
this effect is that which occurs in

of the skin, and a reduced resistance to
certain kinds of parthogenic organisms.
When ten-day-oid ducklings were fed
Aroclor 1254 at levels of 28, SO, and
100 ppm in their diet they sulfesed no
apparent clinicsl symptoms of poison-
ing, but five days later, when they were _
exposed to duck hepatitis virus, they
suffered significantly higher rates of
mortality than did bizds that were given
the vi.nu but were not preexposed to
PCBs. .

While a great deal of research is still
ducted on the various sublethal

PCB-treated rats wm they are sub-  Food Contamination
ly given a barb A meas-

ured amount of phenoblvbilol for ex-

ample, will p being

time in labo Yy ms. The sl

time is a function of the rate at which

. liver enzymes break down the barbit-

urate to non-narcotic substances. When
rats are treated with o bi of

effects of PCBs on laborstory amimals,
the accidental presence of rCBs in
human food and animal feeds remains
thc most important aspect of their dis

PCBs and barbiturates, sleeping time u

sreatly reduced of the i

enzyme activity ‘brought on by the

presence of PCBs in the liver.

The metabolism of barbiturates is of
no importance to lsboratory animals,
but the enzymes induced by this effect
are the same ones that metabolize cer-
tain hom\onel md (henby regulate

Over the past few years 2
v of i have been

in which significant quantities of PChs
have contaminated human food. Most
of these incidents were preventable, but
in some cases it is still a mystery as to
what was the source of contamination.

In December 1970 the Campbeil
Soup Company of Camden, New Jersey,
throu.h s lo«lme monitoting program

important ph Their
ounbundlncc in the liver at certain
times could cause serious disruptions of
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PCH resid (up to
268 ppm) in chickens grown in New

* York State. The state of New York
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Lxeesiive levels of PCBI Rove bean Tound in
tUrkeys and EHckens in saversl caren a3 the 1
it of sentaminsied fuoe,

cessive pigmentation of the skin,
patients afflicted with the disease suffer-
ed from increased eye discharges,
swelling of the upper cyelids, headaches,
vomiling, diatrhea, fever, visusl distur-
bances, and » aumber of other un-
yleas'm c"cc“ll. A team of specialists in

and enginecring was quickly sssembled
from the faculties of the University of
Kyushu, snd the cause of the massive
outbreak (1,057 patients had been re-
e ported by 1971) was soon discovered.
w By carefully interviewing doth in-
dividuais suffering from the discase and
g s matched number of healthy individ-
uals, it was found that of 60 personsl
; traits used to compare healthy end

sffected individuals only one trait, that
of eating fricd foods or tempura daily,
differed greatly between hesithy and
stricken people. It was slso discovered
placsd 2 quarantine around 2 three-  was made showed high residues (20 that 96 percent of the diseased individ-
eounty area and required pm-llnl be- ppm). In this case, over one million tur-  uals came from households where s

taughtes of alt chick keys approaching market weight were  rice-bran oil produced by a company in
from that area. As an interim midclins heid off the market until the residue  Kitakyushu City and known s K rice
the Federal Food and Drug Administ, levels were reduced to less than § ppm.  oil was used regularly. Fusther investiga-
tion (FDA) agreed o allow normal mar-  The source of the contaminant was not  tion showed that 143 of 15 patients
keting of sil chick less who had used the oil puschased it from
than 5 ppm PCH. On the basis of the In a routine food surveillance pro- 8 lot that had been prodwced and
pretesting program 140,450 chickens gam, Baltimore health suthorities dis-  shipped between February $ amd 1S,
were slaughtered and buried. The source  covered excessive PCB levels in milk, 1968. Finally, analysis of some of the
of contamination in this case was  and the dairy farms involved were taken  recovered K rice oil showed that it con-
thought to be plastic wrappers on stale out o( -production by etate-officials. An  lained from 2,000 to 3,000 ppm of

bakery goods that were ground, wrapp Jed that the source  Kanechior 400, s Japanese-produced
and all, for use as a feed. was npenl transformer fluid (s majos use  PCB that was used in the heating system
In July of 1971, Holly Farms °f of PCBs) used as » carrier for a herbicide  at the K rice oil production plant in
Wilkesboro, North Carolina, notified sprayed on a power line right-of-way - Kitakyushu City. Since the cause of the
of the Meat and Poultry In- near Martinsburg, West Virginia. outbreak was discovered the disease has

spection branch of the U.S, Department Finally, in Ohio, Florida, and been known as “Yusho™ or oil disease. -

of Agriculture thst they had been Georgia, contamination of milk was The effects of this outbreak are still
alegted to 8 PCS problem by a decrease traced to s PCB-containing sealant used  evident in Japen. By the summer of
in ‘sgg hatchability (s typicsl PCB-poi- (o seal the inside of silos. The silo coat- . 1970 haif of & closely studied populs-
soning symptom) in their poultry opera- ing wat composed of 11 percent PCB, uen of 159 individusls seemed to be

tion. The source of the contamination  gome of which had mi d into the proving, while the other half showed
was tracedl to a (ish meal pasteurization silage and was sub ly 4 no imp ., and 10 percent
plant in Wilmington, North Carolina, by dairy cattle. scemed (o be worsening. There is also
where s Jeaky heating system was drip- some evidence that babies born to
ping Aroclor 1242 into the finished  Yusho Disease women who had consumed the contam-
product. The leak began in April 1971 inated oil while pregnant exhibit some

and continued through July. A total of  While North Americans have so far  of the symptoms of Yusho. Thirteen
f 12,000 tons of feed were contaminated, l'oidod a massive outbresk of human  women, cleven of them suffering from

and mors than 2,000 tons were led g from rCB i d food,  Yusho, and two who had no symptoms
. by the pany. In the i Japan bas not been 0 lucky. In October  but had consumed some K oil, gave
broiler and egg producers suffered tre- 1968 3 number of reports of a skin birth to ten live born and two stillborn
mendous losses as 8 result of contamin- disease similar in app to chlor- between February and Decem-

ated meat and eggs. A single producer  scne (a disease often observed in work-  ber of [968. Nine of the ten children
was forced to destroy 88,000 broilers, ers who handle PCBs and other chlorin- showed positive signs of Yusho, and

and 123,750 pounds of eggs were re-  sted aromatic compounds) began to plan fol-

moved from the market. sppear in Fukuoka perfecture tn west- low-up studics of the children to detect
In August 1971, Swift and Company  ern Japan. It wasn't long before twenty  any physical or mental impai that

and the Department of Agriculture noti- other perfectures in the same general may develop in later years.

fied the FDA of excessive Jevels of PCB  ares aiso began reporting similar cases, Ironically, six months prior to the

found in turkeys in Minnesots. Over ond it was soon apparent that a full- outbreak of Yusho, Japanese health
100 flocks in Minnesots, North Dakota, blown epidemic was underway.! Aside  authorities had s clear nmm; lhn such
and South Dakota were tested, but only from the symptoms of chloracne, which  an was b in
the Nock in which the original discovery include acnedike skin eruptions and ex-  Febsruary an epidemic of chick edema
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disease occusrted in the same weslern
Japan perfecture. More than two miiion
chkickens were involved and over
400,000 dicd. The cause of the discase
proved to be PCs-contaminated feeds
made by two feed manufacturers that
had purchased “dark oil™ for use as an
ingredient in their products. The “dark
oll” was produced by the same com-
pany that produced the poisonous K
rice oil implicaled in f

capacity of one million pounds) it is

. likeiy that much of this production wilt

eventually be disposed of in landfills,
To prevent further contamination of
food and animal feeds, the FDA recent-
ly (July 6) issucd rcgulations placing
restriction of the use of PCBs in the
manufscture of food and feeds and also
issued tolerance limits on the amount of
rCBs '1'.“ are nccepnblflin food 23 un-

the outbresk o
Yusho.

Regulsting PCBs
lha the repeated epllodu of food con-

ination and the of Yusho
in Japan, a number of actions Ilnvc besn

‘The new regulations forbid the use of
PCBs for use in new equipment in food
processing plants and require PCBs used
in old equipment to be replaced with
non-PCB-containing materials. PCB3 are
also to be eliminated from surface cost-
ings and lubricants used for handling or
food. Similar regulations

taken bo and
the m of PCB2 in the
us., i ‘0 Y,

to prevent Turther incidents.

Balore 1971, about 40 percent of the
PCB compounds produced in the U.S.
were used in applications where Iosu
b lln vi t were b.

dad

were to .o into effect by September 4,
1973, for plants processing or hmdﬂns
animal feeds. .
Remiemms wen also plaad on
used fi
food containers lml a tolerance limit of
l0 ppm was placed on paper materials

hydraulic MH;, carbonless carbon
peper, and adhesives.’ * Since that time,

- howsver, Mg%mm has agreed to sell
PCB compounds for use only in cloged

wm \vhich mnt PCBs are
y The

ded for use in packaging both
human and animal foods. Manuf:

bread wrap, 3.2 ppm; a sheet plastic
vnp.J1ppm.Nonouhanensm
included in the i tovering
food wraps, and since none of the
materials are actually plasticized witk
PCBs it is likely that the contamination
is a result of various PCH uses in the
processing machinery.

A further complication in tracking
down sl sources of human exposure is
the fact that PCBs sre mow manu-
factured in Great Britsin, France, Ger-
many, the Soviet Union, Japan, Spain,
ltaly, Czechoslovakia, and the United
States. It is virtually impossible at this
time to determine whether or not fin-
ished consumer i(cm that muﬂn lead to
human P being
into the US,, but the roA plans to
investigate this possibility in the future.

Whils doth reguistory and voluntary
actions were long in coming, they will
quite likely reduce the immediste haz-
ards agsociated with rCBs both to
human beings and ecological systems.
On the other hand, becauss of the enor-
mous mou.;::a of rcos siready cir-

of plastic food containers were also in-
cluded in the regulations excluding
PChBs from use in equipment used to

fact food ings, but mo

on plastic wraps wss set. The

allowable in

Ras also d a high

‘h&l?lpt, in which Monsanto will -mo PCBs whatever are
oy spent PCBs for customers llnl plastic food wraps either by purposeful
hase large ts of the or accidentat introducti

for use in electrical lmufomm and
The of sh the

The new FDA regulations, if strictly
forced, will almost certainly reduce

materisls to the wmplny and the cost
of incineration must be paid for by the

customer.
s Juumy 1973 lha N-uoml Blw-
trieal

human exposuze to PCBs from accident-
al contamination, but they are unlikely
to have an immediate effect on umvold-
able ination from envi

specifically point out thst _

v t, it will be
some time before they will be con-
sidered insignificant contaminants. ©
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