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Chemical Pollution: Polychlorinated Biphenyls

Polychlorinated blphcjnyh (PCB1) are
widely used industrisl chemicals that
were never Inlended fof retease into the
environment, but they have nonciheless
been found in rainwater, In human tis-
tue, and in maay species of birds and
fish. How PCBi1 came 10 be widely
dustributed (n the ¢nhr0nmenl and
what biological cﬂcch'lhcy have are
stitl largely unknown. Bul like DDT,
PCBs apparenlly degrade very slowly
under nalural conditions. They tend to
sccumulate in the [ hain, and once
ingested, they are uo;eE In the body's
Eatly tissues. As i trué with many other
chlorinated hydrocarbops, even small
doses of PCB1 can be toxic, although
It Is not clear that the ‘amounts found
In fish or blrds have had detnmental
effects. The onty epidpn}uo&ogicll Infor-
mation aboul PCBs' cffects on man
comes from an accidental poitoning
Incident in Jopan In which some 1000
persons were affected.

Polychlorinaled biphenyls are rela-
tively inert eompmmd.ilh:l have low
solubilines In water. The PCB: pro-
duced commetcisliy prg mixiures, in-
corporating some SO or more of the
210 different PCB comnpounds thal are
theorelicaily possible Fr' m chlorinating
biphenyl, The most cpramon Industrial
mixtures average betpcen 40 and 60
percent chlorine cont¢nt, but their lso-
metle compoiition s only partially
known, thus eomplicaling the problems
of sampling and anatyij. Gas chroma-
lographic technigues {re now’ most
commonty us¢ed 10 detc(mine the pres-
ence and the amount jof PCBs in &
sample. The method is pot specific for
Identilying particutar’
because of the lack of samples of the
diflerent isomera as re eltnce standards,
These appeans to be variability In
blologica! and chemical getivities among
the compounds. hq;hly chlorinated
PCBs scem 10 persisl in the environ-
ment the fongest and are lews toxie
than the more upudry' degraded low
chlorine forms There §y also evidence
thsl some commercial PCB mixtures,
especially 1hose manyfactured in Eu-
rope or Japan, may coptain 1roce
amounts of dibenzofurahs or other ex-
tremely toxic Impurites, which may be
the cause of some of the tosk effecty
acribed 0 PCBs Ihttm;dvu.
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The mafor uses of PCBt derive from
their ponflummability, high diclectric
constant, and plasiivizing abiiities These
uses Include applications as dielcctric
fluids In capacitors and translormers,
as hydraulic fluids, and a3 heal transfer
Rulds; also PCRs have been widcly
used a3 plasticizers and solvents in
adhesives, sealante, paints, and printing
inks. Some 95 percent of the larpe
phase correction capacitors used in
transmitting electric power, lor exam-
ple, contsin PCBs—amounting in 1968
to almost 2.5 million galions in the
Unlied States alonce”; replacement of
PCBs by other dielectric Nuids, accord-
Ing to Martin Broadhurst of the Na-
tionat Bureau of Stundards, would re-
quire that the capacitors be rebuill and
thal they be 50 percent farger, Alter-
nate maiterials for plasticizer applica-
tions of PCB1, on the other hand, are
readily available.

Indusirial use of PCHs has grown
steadily since ther introduciion In
1930 U.S. talet in 1970 came 1o aboul
34,000 tous, with cumulalve produs-
tion over the years amounting 1o an
estimated 4 X 10° tons, (By compari-
son, U.S. produchien of DDT In recent
years has been about 70,000 tomt)
Less, In facl alniost nothing, it known
about the quantities produced world-
wide; In addition to the productlon in
the Unlted States, PCBs are made in
Europe, lapan, and the USS.R. The
only U.S. produser of PCBs, the Mon-
sanfo Chemical Corporation, refused
untij secently to rclease producilon fig-
bres, 'but 'the company has taken the
unusual step of refusing to sell any
more PCBa for plasiicizer applications
and those heat irarufer apphestions in-
volving food preparation. Current an-
nual US. sales, as & result, have fallen
10 aboul 20,000 tons per year, although
eaports have continuid to [ncresse.

How PCBs are reicased Into the en-
vironment Is not known, but sevens)
sclenlists believe that sewage oullalls
and industriz! disposal into waterways
afe major sources. Rivers and sireams
may be the primary means of transport

8 More detalted paterence 1o many of ihe itudics
mcntloncd here can he found in 1he loctheoming
et taat of Earpronmsnial Nealih Perspecined,
& Furnst 10 be pobluied by the Nadonal (ast-
wie of Environmenist Heshh Scitnces emacch
Trisngle Park, North Caroling
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for PCBy withln the environment, al-
though the almosphere sho appcars to
be a means of dupersal Adel Sarofim
of the Massachuscite Instituie of Jech.
nology has estimated thai from 1000
to 2000 tons per year cscaped into the
simosphere in past ycars from plasti.
cited materisls contarning PCBs, and
that about 4000 tons per year enlered
walerways from dumping and leakage
of lubricants, hydraulic Muids. and heat
ransfer fluids. Other sourcet may in-
¢lude leaching from dumps and land-
fills, where, Sarofim beleves, about
half of the PCBs produced eventuaily
end up, Although measurements of
PCB1 In air and water are scani, the
general pattern from these measure.
ments and from more extensive mea-
wrement; of PCB residucs tn blotas is
consistent, according lo Sarofim,” with
the hypoihesis that discharge of PCBs
info the environment occurs mainly
near tndusirial arcas. A sinnlar paticen
was found by Gdman Veuh of the Uni-
versily of \Wisconsin in s studies of
Lake Michigan waiersheds; he also de-
tecied PCBs in the sewage of ull mu-
nicipalities studicd.

Once in the envitonment, PCBs ap-
pear lo persist for a fong time Labora-
tory studies by O, Hutzinger of the
National Rescarch Counci! of Canads
In Halifax and others have indicated
th PCBs can be dechlorinsted by
ultraviolet Jight gnd lead 1o the forma-
lion gf hydr8xyl derivaines and other
polafcompounds that are more readily
degraded by microorganisms, bul the
extent {0 which this occurs under nat-
ura! conditions is not known In many
sress, however, PCB residues in fish
are equivaleni to or higher than DDT
and other pesticide residues. Dawid
Sulltng of the Bureau of Sport Fish-
eres and Whldhife, Columbia, Missouri,
found PCB retidues a3 much as 100
hinves Jarger than DDT residues in fish
from heavily industrialized areas, with
roughly equal residucs of both sub-
stances in fish from many other regions

The highest PCB residues in fish
secm 10 ocur In hughty polluled coastal
waters—like Tokyo Bay and Long ls-
land Sound—and in some inland waler-
wayt—uch as the Great Luhes—where
coho salmon have been found wilh
PCB concentrations in excess of § parts
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pet mution, the hmit at» h the US
Food and Drug Adnunistralion attempis
to seize cohuansinated fish and poulury
swid In interstate commerce More
typical congepirations, in most species
of fish in North Atlantic, range
from 0.0! 1o 1.0 ppm. Fish taken from
undisturbed aretic lakes have been
found to contain comparable residues,
Both surfnrel-l'ccdm; fith and those
that dwell a{ greater depths contaln
PCBs. Even higher concenlrations are
found in birdy that feed on fish, reach-
ing 300 to GO0 ppm In cormorants
and ospreys, .#ccordmg to Robert Rise-
brough of the University of California's
Bodega Marine Laboratory, residues
arc generally Elghest s bird specimens
from the North Attantic or from along
the Califorpiy eoast, and gencrally
lower in birds from the South Atlantie
and Central f"aclﬁc Oceans, Rewdues
Appear 1o be lowest In wildlife from the
Antarctic region,

Most U.S. inhabitanix apparcatly
have some fesidues, il only traces, of
PCBs in their bodwes, Preliminan daw
from a nationw ide monitoring program
belng cool‘c;:nn(cd by the Environ-
niental Protpc ion Agency show that
33 percent of more than 600 samples
of human jadipose ussuc conlained
PCH residues of at least | ppm. One
individual, ag ol mat with no known
industrial expoture to PCBs, was found
by the M'tchipln Department of Health
to have 100 ppni in his [fatty tissues,

The source g? PCB residucs in hu-
man tissue i p':esumably food, Siudjes
in Sweden have indicated that fish are
the primary ;ntarcc of PCHs for mouy,
Swcdes, with average intake of PCBs
from all sources estimated to be about
I microgram puer kilogram of body
weight pet day. Individuah who ate
Jarge amount) Hf fish consumed about
ten times as much PCBs, Babies re-
ceived the hl;lTu doses per kilogram
of body weight, fargely {rom mitk. Resl-
dues of PCBs In {ood were somew hat
smaller than § of DDT and metabo-
lites of chlorinated pesticides.

cIn the Unlied States. the pattera
appeary to be ithe same. with PCBs
common In [freshwater fish such as
coho maimon and lake trout. Small
residues in cereals have been traced
o the recycied [paper used in packag.
Ing and thenctd 1o the ank 1p a brand of
carbonlcss ca bq*n paper. among other
souices The ik no longer contains,
PCBs, and eﬂ‘o}u are being made o
separate oul dld stocks of the carbon
paper in the prpnuiscture of recycled
paper. Scveral quches of poultry anid
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¢ges with high PCB residues hy  been
waced 1o contamination of the pouliry
feed by leaking heat exchangers, ex-
cept tn one instance where the source

of the PCBs ranaios uwadeicrmined. '

Residues are present in daity mdbk in
some localities

Officials of the Food and Drug Ad.
menistration charucterize PCBs as a
“potential but not immediate health
hazard,” and claim, on the basis of
their monttoring proprams, that except
for his eating of fish the Ametican
consumer recclves no systematie ex.
posute to PCBs, However, FDA au-
thority extends only to interstate sales
of food, and FDA guldelines tend to
refleet only the averape consumer. [t
seemn dikely, because of the localized
nature of PCB sources and varjations
tn individual diet, that heavy fsh eaters
and some other individuals experience
more substantiaj exposures.

The oniy clinical experience with
human iliness that s directly trace-
sbie to PCB consumption occurted in
1968 In southern Japan. More than
1000 persons who had eaten rice.oll
contaminated with PCBs that leaked
from a heat echanger during manu.
facture developed darkened skins, eye
discharpe, severe acne, and other symp-
toms of what came 1o be called Yusho,
otl discase Patienis were found (o have
consumed an average of 2 grams of
PCB. with symptoms appearing at &
minimum dose of about 0.5 g The
PCBs can readily cross the plicental
barricr, and several infunis were born
with Yusho symptoms, some io ap-
parently unaflected mothers. Recovery
appears fo br diMicult, according to
Masanori Kuratsune of Kyushu Uni-
versity in Fukuoha, Japan, with symp-
toms still present in many cases ) years
later: no methods of treatment are
krown. It {5 not clear whether any of
the subsequent deaths among the pa-
tients c¢an be attributed to acute PCB
poisoning, and it is stil not known
whether the commerclal PCB mixture
involved contasined wraces of dibenzo.
furans or other Impurities.

Although PCBs have betn in use for
more than 10 years, detailed studies of
their 1oxic properties have only recent-
ty been undertaken. The studier are
complicated by variabiliy In the tox-
feuty of dulferent commarcial samples of
PCBs. Experiments in the Netheriands
by J. G. Vos of the University of
Utrecht showed hver damage and
vedema in chickens and skin fesions in
rabbits, The worst effects seemed to be
taused by an impurity In the European
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PCB mixture, which Vos believes 10 be
dibenroluray.

~The_results of a 2-year sidy funded
by Menganlo showed hiver damage and
some difference 10 weight gain in rats
and dops whose feed contdined 100
ppm of PCBs, but no teratogenie or
mutagenic effects. At a dose rate of
10 ppm, there were apparcnily no ef-
fects of any kind, ¢xcept for some im-
parrment to the hatching of ehicken
eggs. leproduction was sficeted most
by low-chlorine PCHB nuxiures, bul
long term damage to the fiver seemed
to be due 1o high chlorine mixtures By
contrast, In one of the field oceurrences
of PCB comtaminzlion, the hitchabihity
of eggs at Holly Farnss i Nurth Caro-
line was noticcably duircased, even
though the concentsation of PCDs in
the feed was less than the no-effect
levels reported In the Monsanto study,

Although most birds and mammals
appcar to be relantvely rosistaot 1o
PCBs, some species, such as mink, seem
1o be more susceptible Fish are also
more susceptible; Stallings found rhat
bluegill and catfich dicd wilva exposed
for several weeks to concentrations be-
tween 20 and 50 paris per billion, that
trout dicd at about 8 pph, ond that
lethal dowes for shnimp were as low
as | pph.

The brological acilons of PCBs tn-
side the body are also relatvely un.
known. PCBs have becn shown to alter
Bver tissue, inhibit the growth of cul-
tured cclls, and affect a varicty of en.
tyme systemis: but in most instances
the mechanism of action Is still uncer-
tain Pau! Lichienstein of the Unlver-
sity of Wisconsin has shown that PCBs
interact with DDT and other chlori-
naled pesticides; nontoric amounts of
PCBs In Insects increased jhe toxicity
of DDT and some organo phosphale
pesticides by as much as 100 percent.

Much of the research on PCBs has
pointed to the sinularity of PCBs and
DDT In their environmeatal effects
They are bolh widely distributed in the
tnvironment, they both affect the re-
productaive system of birds, and they
enter the human diet pruimarsily through
residues Jn fish. But PCBs, unlike DDT,
were seldom dehberately released inio
the environment. Their presence and
pensistence there recmphasize the hike-
lihcod that any widely used indusinal
chemcal may become an chvironmental
pollutant, and increase the responsibif.
ity for public disclosure of produciion
quantities and use palierns when simnlzr
sitwations occur in the future.
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