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THE POLYSTYRENE COFFEE cup you used this morning, plastic liness
for baby bottles, {rozen-food bags, bread wrappers, and many other
products which come into contact with food contuin PCBs, or polychlor-
inated biphenyls. While recently issued federal standards restrict these
toxic materials to much less than | part per millton 1n most foods, PC8
concentrations i1n the food containers just named have been measured at
as high as 6.6 parts per million. No one knows whether these PCBs leach
out into the milk held by baby-bottle hners or the coffee held in
pelystyrene cups; this is just the latest in a long senics of riddies
surrounding the use of PCBs.

Poiychlorinated biphenyl compounds had been 1n use for 36 years
before their discovery tn 1966 in the flesh of fish from the Baltic Sca
set in motion an intensive worldwide research effort to determine the
extent of their distribution tn ecological systems and the possible danger
their distnbution may posc to human health. Siee theie belated discov.
ery as important global pollutants, PC38s have chalked up an impressive
record of finding their way into human food chains, somctimes by
totally unexpected routes, and have been responsible for hugs cconomic
losses in the food industry and, at least 1n one case, for a scrious eprdemic
of human poisoring. Although important steps have becn taken to
prevent such cpisodes from recurnng, there remain a number of ques-
tions to be answered regarding the uses of PCBs, thoir effects on
biological systeins, and their routes of entry into the environment,

Oddly, it was the expenence gained in the pursuit of information
about another group of envirenmental contaminants, the chioninated
synthetic pestiaides (DDT and its rclatives), that both helped and hin.
dered in tracking down the various pathways through which PCB might
enter and spread throughout ccological systems. By the middle 1950s
analytical techmqucs had been developed (gas chromatography) that
were able to detect very small amounts of envirenmental conlaminants
Analytical chemists, however, could not, with any ccrtainty, identily a
particular compound unicss they knew preciscly what they were looking
for. In the case of DDT, for example, they could compare known
samples of DDT with results obtained from chromatographic analysis of
environmental samples.

In 1964 the Swedish Royal Commiscion on Natural Resourccs em-
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ployed Dr. Soren Jensen of the Univer-
sity of Stockholm to begin a study of
chiorimated pesticides m the Swedich en-
vitonmient. tt was dunng Lhis study that
Dr, Jcnsen and his colleagues began to
sce evidence on their chromatograms of
scveral substances totally unknown to
them but apparently retated to the chlo-
nnated pesticides,' At st st wus
thought that thc compounds might be
uwnidentificd breakdown products of
chlotinated pesticides, To check this
1des, Dr. Jensen coliected from the
Swedish Museum of Natural History
feotliers from spccimens of the white-
tailed cagle for cach ycar dating back to
{BBB By this technique it was learned
that the unknown compounds (irst oc-
eurred 1n feathers in 1942 and coutd
therefore not be chiorinated pesticides
or \heir breakdown products. It was not
unil two ycars later, afler a great deal
of detective work, that the conlamn-
ants were fully verified as polychlonn-
ated biphenyls.

Part of the problem in i1dentifying
rC B3 was the difficully during analysis
of sepatating DDT residues from those
of pCBs. With analytical equipment
widely used unlid 1965, the 1dentity of
certan PCB compounds and one of the
breakdown producis of DDT could
eastly be mistaken for eseh other In Dr.
Jensen's optrion it )5 quite hkely that
many DDT snalyses made pror to 1965
could have been wrong. However, since
1966, with a stcady rmprovement n
analytical methods and a rapidiy grow-
ing tnterest an the Miological activity of
PCEs, it has now been established that
PCBs are among the most abundant,
persistent, and widely duspersed environ-
mentat contaminants

A comparison of producteon ligures
for the US aslone sheds some hght on
the selsteve importance of DDT and
rcps Durning the peniod 1945 to 1058,
U.S. production of DDT was about 933
million pounds * it 1 certain that nearly
sll of that production was sprayed nlo
the environment somewhars In the
world. During the years 1930 to 1970,
total U.S. production of PCas was ap-
proximately _one batios pounds, of
which, 1t has becen estimated, 780 mil.
hon pounds has entered the enviton-
ment via the aimosphere, water systems,
and dumps,* Add to these figures the
production of PCas in Furope, Rusna,
and Japan, and the total amount of
rCBs entering the envitonment on 3
global basis may approach that of PDT,
Japan, for insgtance, produced
114,660,000 pounds of PCRa between
t954 and 1971,

Physiological Effects

While the amounts of pcas snd DOT

telessed to the environment may be sim-
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llar, other information ndicales that
PCas may be the most impottant n
terma of ecotogical dumage. First, rcps
scem 10 be far more siable - that s,
beesuse of their chemical structure they
are lcss suscephible 1o being broken
down by sunlight, watcr, and micro-
biological action than are the chlonin-
ated pestacides When DDT and reps
are added to an activated scwage sludge
and are digested anserobicaliy, DPT s
broken down, mainly to DD and other
compounds, within a fcw days PChH
compounds, however, will remain sntacl
for as long as 40 days.” Anaerobic diges-
lion 1n sewage siudge 18 one of the most
nigorous technijues for delermining the
stability of a potential pollutant

Another difficully iz that pcos,
rather than being one specific chemical,
are a mixture of & large number of close-
iy related but different chemicals For
example, a careful analysis of Arotlor
1254,* a widely used commercial PCp
preparstion showed that i 5 actually
composed of 69 different chemical
structures. Ninetesn of these sifuctures
were considered major constituents of
the mixtura, whils 50 were classified as
minor constituents. For the most part,
anaiytlical and toxieological studies have
been conducied with commercial ¥CB
prepatations whie lhittle attention has
been pven the individual chemicals that
maks up these preparations, many of
which may have unique toxicolopical
charactenstaics.,

Flnally, while PCBs are nol quite a3
poisonous as DDT when consumed oral-
ly, they do possess similar abdity to
alter important biological functions.
Like DDT, PCBs have been shown to be
potent Inducers of liver enzymes in a
number of laboratory anjmals. That ls,
when fed to laborstory animaia in small
doses they stimulate the hver to pro-
duce enzymes which then act on other
body substrates, The clearesi messure of
thiz effeet is that whieh occurs In
rCh-treated rata when they are sub-
sequenily given a barbiturats. A meas-
ured amount of phenobarbitol, for ex-
ample, will produce a standard sleeping
time in laboratory rts. The sleeping
time is & function of the rate st which
liver enzymes break down the barbit-
uraie to non.natcotic substances When
rats are treated with 3 comblnation of
PC B3 and barbaturates, sleeping time 1
greatly reduced because of the increased
snzyme activity brought on by the
presence ol PCasn the liver,

The metabohism of barbiturates 1s of
no importance to labotatory amimals,
but the enzymes induced by this effect
are the same ones that metabolize cer
tain hormones and thercby regulate
importtant physiclogical functions. Thewr
overabundance in the liver at certain
times could cause serious disruptions of

warmal achivities such as reproduction
In the past, DDT has been imphcated i
the dwruplion of 1he reproductive cycle
of some birds, and it 13 thought that the
mechanism has somelhing to do with
hormons| imbatance brought aboui by
the increased production of lwver
enzymcs at the wrong fime,

PCDS have other effects on Lhe tver *
In both Japancwe quail and labanrstory
rats, dictary icvels of 100 parts per mil-
hon {(ppm) fed for two months resulted
in enfatged livers, an Incrcase in fiver
fats, and 3 sharpiy reduced hiver content
of vitamin A. In rats the decrease n
liver vitamin A storage was $O percent
that of uatreated animais

Other :-.bie physiclopcal effects
have betn observed in laboratory ani-
mals fed various ¥¢'B compounds inter-
ference with the production of adeno-
sine triphosphatase (ATPase) in fish s a
good axample. ATPase 15 an enzyme
which makes cnergy available for impor-
tant biciogical resctions such as in the
production of proteins, muscle contrac-
tions, the conduction of nerve impulses,
and glandular secretions.’ At levels as
low a3 0.6 ppm, Aroclor 1242 inhibited
the ATrase system in bluepill tissue by
as much as 50 percent,

Stll other effects that have been re-
poried include edema (the accumulation
of flurds) of the tissues surrounding the
. heart, porphyna {an abnormality of

blood pigment metabolism), thicke ning

of the skin, and a reduced resistance to
certain kinds of parthogenic organisms

When ten-day-old ducklingt were fed

Aroclor 1254 at levels of 25, 50, and

100 ppm n their diet they suflered no

appatent chinical symploms of poison-

ing, but fve days later, when they were
exposed to duck hepatiis virus, they
sufferad mgnidicantly higher rates of
moriality than did birds that were given
the virus but wera not pre-exposed to
1] TR -

Food Coslamination

While a greal deal of research s still
being conducted on the various sublethal
effects of PCas on laboratory ammals,
the scoidental presence of PCaAs in
human food and animal feeds remains
the most important aspect of thewr dis-
tibution. Ovcr the past [ew years a
number of incidents have been tecorded
in which significant quantities of PL D3
have contaminated human food Most
¢ of these incidents were preventable, bul
In some cases it s shitl a mystery a5 to
what was the source of contaniination
In December 1970 the Campbelt
Soup Company of Camden, New Jersey,
through & routine monitoning pcogram
discovered excessive PC# residues (up Lo
268 ppm) in chickens grown tn New
York State. The state of New York
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placed a» quarantine asround a three-
county ares and required pretesting be-
fore sisughter of all chickens originating
from that srea, As an interim gurdeline
the Fedetsl Food and Drug Administra-
tion (FDA) agreed to allow normal mar-
keting of ail chickens conlamning less
than 5 ppm rCe. On the basis of the
pretesing program 140,450 chickens
were staughtered and burted, The source
of contamuination 1n this case was
thought lo be plastic wrappers on stale
bakery goods that were ground, wrapper
and all, (o1 use as a feed

in July of 197, Holly Farms of
Wikesbtoro, Norih Carolina, notified
personnet of the Mcat and Pouliry in-
spection branch of the U.5. Department
of Agriculturc that they had been
alerted 1o a PCD problem by a decrease
in cgg hatchability (a typical rCB-pol-
soning symptom) b their poultry opera-
tion The source of the vontamination
was traced to 3 fish mcal pasteunzation
plant 1n Wiiningion, North Carolina,
where a leaky hesting system was drip-
ping Aroclor 1242 nto the finished
product. The leak began in Apni 1971
and continued through July. A total of
12,000 ions of feed wers conlaminated,
end more than 2,000 tons were recalled
by thc company. [n the mcantime,
broiler and epg producers suffered tre-
mendous Josses as a result of contamin-
sled meat and cges. A single producer
was forced |o dustroy 88,000 broiers,
send 123750 pounds of eggs were re-
moved from [he market,

In Augusl 1971, Swift and Company
and |he Department of Agriculture noti-
fred the FDA of excessive levels of rep
found 1n turkevs 1n Minnesota, Over
100 Nocks in Minnesols, North Dakota,
and South Dakota were tested, bul only
the Mock in which the original discovery
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was made showed high residues (20
ppm}. In this ease, over one million tur-
keys approaching market weight were
held off the market until the residue
levels were seduced to less than 5 ppm.
The soutce of the eontaminant was not
determined.

In a routine food surveillance pro-
gram, Balumore health suthorities dis-
covered excessive PCB levels in milk,
and the dairy farms involved were taken
out of production by state officials. An
investigation revealed that the source
was spent transformer fluid (3 major use
of rCB3} used a3 a carrier for » herbicide
sprayed on a power line nght-of-way
neatr Marlinsburg, West Virginia,

Finally in Ohio, Flonds, and
Georgia, contammnation of mik was
traced 1o a PCB-containing sealant used
to sesl the tnside of sdos. The silo coat-
ing was composed of 11 percent PCO,
some of which hed migrated into ine
silage and was subsequently consumed
by dawry catlie.

Yusho Discase

While North Americans have so far
avoided a massive outbreak of human
potsgning from PCB-contaminated food,
Japan has not been 50 lucky [n October
1968 a number of rcports of s skin
disease mimalar in appesrance to chior
acne (a discase often observed in work-
ers who handle PCBs and other chlorin-
ated sromatic compounds) began to
appear in Fukuoka perfecture 1n west-
ern Japan. Jt wasn't long before twenty
other perfectures 1n the same general
ares 8iso began reporting similar eases,
and 1t was soon apparent that a f(uil-
blown epidemic was underway.t Aside
from the symptoms of chioracne, which
include gcne-like skin eniplions and ex-
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tesslve pigmentation of the <kin,
paticnts affticied wilh 1he dixease suffes-
ed from increascd cye discharges,
sweiling of the upper cychds, headaches,
vomuting, diarrhea, fever, visual dislues
bances, and a number of olher un-
plcasant effects A team of speciaists in
medicine,.  pharmacology, apriculture,
and cngincering was quickiy assembled
from the laculiies of the Univeruiy of
Kyushu, and the cause of the masuive
outbreak (1,057 paticnts had been re-

e Ported by 1971} was soon discovered

By carelully mterviewing hoth n.
dividuals suffering from the discase and
a matched number of heaithy indind-
uals, tt was found lhat of 60 personat
traits used to compare healthy and
sffected ndwviduals only onc trart, that
of cating fried foods or tempurs daily,
differcd greatly between heaithy and
stricken people 1t was also discovered
that 96 pereent of the discased individ-
uals eame f{rom households where »
rice-bran o1l produced by s company n
Kitakyushu City and known as K rice
ou was used regularly. Further investigs-
tion showed that 143 of 155 patients
who had used the o1l purchased it from
a lot that had been produced and
shipped between February 5 and 1§,
1968. Finally, analysis of some of the
recovered K rice ol showed that it con-
tained from 2,000 to 3,000 ppm of
Kanechior 400, a Japanese produced
PCB that was used in the heating system
at the K nice ol produciton plant n
Kitakyushu City Stnce the cause of the
outbreak was discovered the disease has
been known as “Yusho™ or oil disease

The effects of this outbreak are sull
evident in Japan. By the summer of
[970 haif of a closely studied popuis-
tion of 159 individuals secmed to be
improving. while the other half showed
no improvemcnt, and {0 percent
seemed (o be worscning There 1s also
some evidence |hat babies born o
women who had consumed the contam-
inated ol while pregnant exhibit some
of Ihe symptoms of Yusho. Thiricen
women, tleven of them suffering from
Yusho, and 1wo who had no symploms
but had consumed some K od, gave
birth to i¢n live born and |wo stilthorn
children between February and Decem-
ber of 1968 Nine of the ten chiidren
showed positive signs of Yusho, and
Japanese suthontics plan cxlensive {oi-
low-up studics of the children to detect
any physicai or menlal impairment that
may develop in laler years

Ironically, six monlhs prior lo lhe
outbreak of Yusho, Japanesc health
suthorities had » clesr warning thal such
an epidemic was possible. Bopnnng in
Februsry an epidemic of chick edema
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disease occurred n the tame weslern
Japan petfecture. More than two mitiion
chickens were mvolved and over
400,000 dicd. The cause of the disease
proved lo be PCBconlaminaled feeds
made by two feced manufactrrers that
had purchased “dark olt" for use o3 sn
Ingredient a0 their products, The “dark
oil'' was produced by the same com-
pany that produced the pousonous K
nice ol implicated in the outbreak of
Yusho.

Regulating PChs

Since the repcated episodes of food con-
tammnation and the outbreak of Yusho
in Japan, a number of actions have been
taken both by government agencies and
the major misnufacturer of FCBS in the
U.S., the Mon<into Chenncat Company,
to prevent further incidents

Before 1971, about 40 percent of the
rCe compounds produced in the U.5.
were used In apphcations where losses
to the environment were probable
These ncluded plasticizers. lubricants,
hydrauite  fluids, carbonless carbon
paper, snd adhesives.'* Since that Lime.
however, Monsanio has sgreed to scll
rce compounds lor use only in closed
systems (rom which spent PCBs sre
theorelically recoversble The company
has also constructed s high-lempcrature
incinerator, In which Monsanto will
destroy spent PCOs for customers that
purchase large amounts of the matenals
for use in electrical transformers and
capscitors The expense of slupping the
matesials to the company and the cost
of ncineration must be paid for by the
customer,

In January 1973 the Nationsl Elec-
trical Manufacturers Associstion pub-
lished therws “official gmidelines” for
handhing end disposing of capacitor and
transformer grade pcp compounds. In
the guwdghines seven different locations
for disposal of PCe compounds were
tisted, two of which have high-tempera-
ture incinerators. The other five are
described as having “scientefic landfils”
for rcp disposal. In ona facility at Shel-
fietd, inois, the dispossl system was
described 1n 3 telephone conversalion as
an open pit into which contained haz-
srdous ehemicals are placed and then
covered with soil, Whle placing spent
rcos in land(ills i3 far cheapet than in.
cincration  at  high tempersturcs, the
sccurlty of materais handied in this way
is open to question ta 1970 sione, 36
million pounds of r¢ps wcre disposed
of 1n dumps and landills, and 1n 1972,
sales of PCOs for use n transformers
and capacitors were expected to be an
additions! 50 to 60 milion pounds.
Since high tcmperature incineration is
expensive and limited (the Monsanto in-
has sn annusl maximum
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capacity of onc milion pounds) 1t 3
likely thal much of tius production witl
eveniually be disposed of wn jandftlls

To prevent {urther contamination of
food and animal fecds, the FDA recent-
ly (July 6) wxsucd regulations placing
resinction of the use of PCDs n the
manulacture of food and (ceds and slso
issued tolerance limils on the smount of
rCos that are acceptable in food as un-
svoidable contammants !

The new repulstions {orbid the use of
PCBs [Or use 1n new eguipment 1n food
processing plants and rcquire PCBs used
in old equiprient to be replaced with
non-FC B-containing Mateniais PCBs are
also to be ehiminsted (rom surface coat-
ings snd lubricants used (o handling or
processing food Simuar regulations
wcre (o g0 into effeel by Septcmber 4,
1973, for plants processing or handling
srnumast fecds.

Resirictions were also placed on
cquipment used to manufacture paper
food containers and 8 tolersnce hmut of
10 ppm was placed on paper materials
intended for use in packaging both
human snd anumasl foods Masnufacturers
of plastic food containers were also in-
cluded in the regulations excluding
rcos from use in equipment used to
manufscture (oed wrappings, bul no
tolersnce on plastic wraps was set The
regulations specifically point out that
no PCBs whatever are allowable in
plastic food weaps either by purposelul
of sccidental introduction,

The new FDA regulations, il strictly
enforced, wil simost certsinly reduce
human exposure Lo PCB3 from accident-
sl contammation, butl they sre unitkely
to have an immediate effect on unavoid-
able contamination {rom environmental
sources. For that reason the FDA has
also established tolcrance Lmats for
foods and amimal feeds 1n which » ces-
tain amount of PCB contamination s
inevitable because of the eiready existing
amounts of PCBt in the environment.
The tolerance iimits are: milk, 2.5 ppm
(fat), finished dairy products, 2 § ppm
(fat), poultry, 5 ppm (fat); cggs. 0.5
ppm; finished ammal feeds, 0.2 ppm;
snimal feed components, 2.0 ppm (hish
meal, and so on), fish and shell fish, §
ppm.

One asres the regulations do not
cover, however, 13 containers snd wraps
for home use. Whether or not there s
widespread contamunation of thess
materials is not known, bul an
anslysis' ' of a number of such itcms in
1971 ndicates that it s quiic hikely
The f(oliowing levcls were found n
vanous plastic containers other than
commercial food wraps' s plastic bag,
2.4 ppm: a plastic boltle used to contain
an eyewash, 3.7 ppm. a polystyrens
cup, 6.6 ppm, a baby-bottle liner, 2,7
ppm. o frozen-food bag, 48 ppm, e

-ad wrap, 32 ppm, a sheet plache
wrap, 3.7 ppm. None of these items are
Included n the reguiationt covenng
food wraps, and tnce none of the
materels arc scluatly plasticized with
PCBs 1t 1s hkely that the contamination
is a recult of vanous PCB uses in the
proeessing machincry.

A further complication n tracking
down sll sources of human exposure 1s
the f{sct thal PCDs are now manu-
factured 1n Great Brtain, France, Ger-
many, the Soviet Union, Japan, Span,
Italy, Czechoslovakis, snd the Unicd
States. [1 19 virtustly imposuble at this
time to determine whether or not fin-
1shed eonsumer ttems that might fead to
human exposure are betng 1mponcd
into the U5, bul the FoA plans 10
investigate this possibilily in the future

While both regulatory snd volunlary
actions were long in coming. they wilt
quite likely reduce the immediste hsz-
ards sssocisted with pCcEs both to
human beings and ecological systems
On the other hand, because of the enos-
mous amounts of PCBs siready cir-
culating in the environment, st will be
some lime before they will be con-
sidered snsignificant confaminants. ©
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