. Chemical Po.in

Polychlorinated piphenyls are
widely used industrial chemicals that
were never ntended for releasc inio the
environment, bui thay have nonetheless
been found in rainwater, in human tis-
sue, and in many specics of buds aod
fish. How PCBs carie 1o be widcly
distnibuted n  the cnvironmicnt  and
what biolopical eliecis they have are
sull larpely unknown. But like DDT,
PCBs apparently degrado very slowly
under natural condit:ons. They tend to
accumulate in the food chain, and once
ingested, they are stored in the Jodys
_fauey tissues. As is tue with many oiher
“chiorinated hydrocarcons, even small
doses of PCBs can be toxic, although
it is not clear that the arounis [ound
in fish or birds have had deinmental
eflects. The only epidenvological infor-
mation about PCJs" ellccts on snan
comes [rom an accidenmial poisoming
sncident in Fapan in which some 1000
persons were aflected.

Polycilorinated bipinenyis are relas
tively inert compounds tial have Jow
solubilities 1n water, The PCBs pro-
duced commerciailv are muxtutes, in-
corposaling some SO o more of the
210 dilfcrent PCB compounds that are
Theorchically possible from chilornaling
biphenyl. The most common indusirial
mixtares average between 40 and 60
percent chior.ne content. but ther iso-

" meric composuion is only patiially

known, thus compheaiing the problems
of sampling and analysis. Gas chroma-
teoraphic—techniques are now most
commonily used to determine the pres-

- ence and the amount of PCBs in a

sampic. The method is not speaific for
ideniifying particular PCB compounds
because of the lack of samples of the
dilferent isonvers as reference slandards.
There appears to be some variability in
biological and chemical activities smong
the compounds: highly_ chlorinated
PCBs seem to perust in the eaviron-
ment the longest and are less toxic
thao the more ra udl) degraded low
that some comn'erc:al PCHB muuures,
_especially those munufaciured in Eu.
Tfope” or,_Japin, may comaad irace
amounts of dibenzolurans or other ex-
tremely toxié"impuriles, which may be
the cause of some of the toxic cfiects
ascribed 10 PCBs themselves.
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uiion: Polychicrinat

The major uses of PCDs derive from
theit nonﬂammablhly. high dielectric
constant, and d plasii.izing abilines. These
uses include apphcahons a3 dielecirie
fluids 1n capacntors and transformers,
a3 hydraulic finds, and as hear transfer
fwds; also PCBs have been widely
uscd as plasncizers and solvenls 1n
adhesives, scalants, paints, and printing
inks, Some 95 percent of the large
rhasc correction capaciters used tn
transmnting electnic power, for exam-
ple. contain PCBi—ainounting in 1968
1o almost 2.5 millon gallons in the
Utinicd States alone®; replacement of
PCBs by other dielectric flmds, accord.
ing to Marun Broadhurst of the Na.
nonal Bureau of Siandards, would re.
quite that the capacitors be rebwit and
that they be SC percent larger. Aljer-
nate matcrials for plasticizer applica-
toas of PCBs, ou the other hand, are
teaJduy available.

Industrial use of PCDs has grown
steadily since their introduction in
1930. U.S. sales in 1970 came to about

( 34000 tons, with cumulative produe.

tuon over the ycars amounung lo an
esumated & x 105 tons. (By compari-
son, U.S, production of DDT in recent
years has becen about 70,000 tons.)
Less, in fact aimost nothing,”is known
about the quantiues produced world-
wide; in addition 1o the production in
the Unied Siates, PCBs are made in
Europe, Japan. and the USS.R. The
o6ly U.S. producer of PCBs, the Mon-
santo Chemical Corporation, refused
until recenty to reiease production fig-
ures, but the company has taken the
unusual step of reluning to seil any
more PCBs {or plasiicizer applications
and those heat transfer applications io-
volving {ood preparation. Current an-
nual U.S. sales, as a result, have fallen
to about 20,000 rons per year, although
exports have cominuad lo increase.
How PCBs are released into ths en-
vironment 13 nol known, but several
scitntists believe that sewage outlalls
and industrial disposal into waterways
are major sources. Ruvers and sireams
may be the primary means of iransport

* More ertailed refcrence to many of Ik studirs
mentiom | hete ¢an he {ound in 1he (orthcoming
wmual 13ue of Emuvonmentsl Health Pespeciiver,
& Kurnal 10 be published by 1he Mational jnsu-
lute of Envl o Jleaih § Aewarica
Trisngle Park, Mhorth Coroline.
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for PCBs within the environment. 1l-
though the atmosplhicre also apperr. 10
be a means of dispersal "Ade) Saronm:
of the Massachusetts Jnsuwie ol Tou -
nology has esumated that {rom |0GJ
to 2000 tons per year cscaped 1nfo 1ae
atgicsphere in past years from al wsu-
cized matenals contaimng PCEs, and
that about 4000 1003 per year entercd
waterways from duniming and leanioe
of lubricants, hydraulic fu.ds, and heat
transfer Aluids. Otker sources mav na-
clude Jeaching frora dunips and land-
flls, where, Saro5m beiieves, about
half of the PCDs produced cveniuaily
end wp. Although mcasuremcnts ol
PCBs 1a air and waler are scant, tae
genetal pattern [rom these measurc-
ments and from more exiensinc nica-
surements ot PCB residues in biplns is
consistent, according 1o Sarolim, win
the hypothess that ducharge of PC3s
into the eavironment occurs mainly
near industnal arcas. A sy paitera
was found by Giiman Veith et ihe Uni-
versity of Wisconsin in Jus stud.es o
Lake Mickipan watervbads hia aisp e
tected PC38s in the sewsgs ot all niu-
nicipalines studied.

Once 1n the environmet, 'CBs ap-
pear to persist for a loag ume Laboia-
tory studies by O. Hulzingic o1 the
Nauonal Research Counal of Caadua
in Halifax and others nave imdicaled
that PCBs can be dcchloimated by
uliraviolet Light and lead to the forma-
tuon of hydroxyl derivatines and uiacr
polar compounds that are mare readily
degraded by mucroorpamsms. but ke
extent to which this occurs under nii-
ural conditions 15 not known. In many
areas, however, PCB rcsducs in fish
ate equivaient (0 or higher tain DDT
and other pesticide residues. David
Stalimg of the Burcau of Sport Finhe
eries and Wildhije. Columbia, Missoun,
found PCB residues as much as (00
umes larger than DDT resicdues 1n lish
from heawily industtialized ancus. with
roughly equal residues of both sube
stances in fish from many other reqions;

The bighest PCB rawdues £ 1
seem 10 occur in highly puauted casstai
waiers—Uule Tokyo Bay and Loryg is-
tand Sound——and (1 SOMe ifnLig Walet-
ways~—such as the Grest Lakes—where
coho saimon have bcen found wib
PCB concenltrations 1a excess of § paris
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e nwde the aonl at which the U'S
oot and Diug Ashatnsiralon ailempls
1o scize contummated fish and pouilry
sold o Intentale commerce. More
1y pical cONCCNIraLons, 1o Most species
of fish in the Nornh Atlastic. range
from 0 01 10 1.0 ppm. Fish taken (rom
undisturbed  aratie  lakes have been
found 10 contiin comparable residucs,
Ioth surface-fceding fish and those
that dwell at greatcr depihs contun
PCBs. Even hugher concentiuitons are
found in burds tisat feed on fish, reacn.
sng 300 10 JO0D ppm in cormorants
and ospreys. According to Robert Rise-
brough of the University of Cahforma’s
lHodega Murmine Laboratory, residues
are generaily highest 1 buaed specamens
from she North Atlanue or [fom along
the Calilornia coast, and generally
jowes i tirds from the Souih Atlantie
and Cential Paciic Occans Residues
appear to be Jowest in wildhic (ros the
Antarctic repion.

Most U.S. inhabnants apparcatly
have some residies, of only sraces, of
PCAs w they bothes, Prelimunary daty
from a nal.onwide monitoTing program
being coordinaied by tihe Environ-
niental Protecuon Apgency show tha
33 pereent of more than GO0 samples
of human  ad'pose” tissve contained
PCB ravduse of at least | ppoa, One
indivadual, an old man with nd"anown
industnial eaposure to PCBs, was found
by the Mach.gan Department of Health
to have 1G0 ppm n lus [auy tissucs.

The soutce of PCB rewducs in hu-
man tissue 15 presumably food. Siudics
in Sweden have indicared that fish are
the primary source of PCBs for most

Swedes, with average ittahe of PCBs
from all sources estimaled 1o be adoul
I mcrogram per kilogram of body
weight ner day  Iadividuak who ste
larpe emounts of fish consumed about
len tenes as much PCBe. Babies re-
ccwved the highust doses per kilogram
of body weighy, largely from milk. Resi-
ducs of PCBs in food were somewhat
smaller than those of DDT and metabo-
ltes of chlonnated pesticides.

In the Usued Siates, 1he pattern
appeart 10 be the zrame, with PCBs
common in [reshwaier fish such as
coho salmon and Jake trout Small
residues in cercals have been iraced
1o the recveled paper used an packagw
ing and thence o the snk_in a brand of
carbonless carbon paper, among other
soutees The ink po_longer containg
PCDs. and efforts arc being made W
separate out old sipcks of the carbon
paper 1n the manufaciure of vecycled
paper, Scvecal batches of poultry and

H

e2ps wih aigh F'Cd residues have been
traced 10 contdnunation ©f the pouliry
fecd hy leaking heal exchangers, ea-
¢cpl 1A onc instance where the source
of the PCBs remamns undeiermined
Residues are prescal in dary milk n
some localites,

OMicials of the Food and Drug Ad-
munistration characicnze PCBs as a
“potential but not mmediate healih
hazard,” and claim, on the basws of
thar monntonag programs, that oxcept
for his eating of fish the Amcricun
consumer reccives RO Sysiemalic ea-
posure to PCBs. However, FDA au-
thenty extends only 10 inlerstale sales
of food, and FDA gu.dehnes iend 10
reflect oniy the average coasumer, [t
seems Liely, because of the localized
nature of PCB sources and vatiatons
in ndividual diet, that heavy fish eaters
and some other indivaduals expernence
morc substantial exposures,

The only clinical experence with
human lincss that 1 dizectly trace-
able 10 PCB consumption occurred in
1968 in southern Japan. More than
1000 persons who had eaten ncc o
contanupaled with PCBs that leaked
from a heal exchanger durtng manu-
facture devcloped darkened sking, eye
discharge, severe acne, and other symp-
toms of what came to be callid Yumo.
ol discase. Patienis were found lo o have
consumed an average of 2 grams of
PCB. wuh symptoms appcapng at a
mimmum dose of about 0.5 g The
PCBs can readily eross the placcntal
bacrier, and several infants were born
with Yusho symploms, some {0 ap-
parently unaflected mothers. Recovery
appears 1o be diflicult, according to
Masanon Kuratsune of Kyushu Uni-
veraty an Fukuoka, Japan, with symp-
roms still present in many cases 3 yran
later; no methods of treaiment are
known. 1t is not clear whether any of
the subscquent deaths among the pa-
tienis can be auribuled 1o acule PCB
poisonang, and i 15 utill pot known
wheither the commercal PCB mixture
snvolived contained traces of dibenzo-
furans or other impuritics.

Alhough PCDBs have been in use for
more than 30 years, detailed studies of
their toxic propertics have only recent-
Iy been underiaken. The studies are
complicated by variabilily in the tox-
ety of different commercial samples of
FCBs. Expeniments in the Netherlands
by J. G. Vos of the Umversity of
Utrecht showed liver damage and
edema 1n chickens and skin lesions in
rabbits. The worst effects seemed 10 be
caused by an impurity in the E.uropen

UL Biniure, wlich Vos ocueves 1o be
dioenzoluran.

The results of a 2-year siudy funded
by Monsanto showed jiver daatage and
some dillerence in Weighi gan i fals
and dogs whose fecd containcd 109
ppm of PCBs, bul no teratofenic or
mutagenic effects. AL a dase rate of
10 ppm, Ihere were apparently na cfs
fects of any kind, except for some um-
paurment to the hatcling of chicaca
eges. Repreducnon was allecied most
by low-chlorine PCB mutures, but
long-term damage fo the Iner scemed
1o be due 10 Jugh chlorine nuatures. By
contrast, 1n one ol the ficld occurrences
of PCB comamunaiion, the hatchabdiy
of egps at Holly Farms in Nosth Caro-
linn was noticeably decreased, cveo
though the concentrahion of PCBs in
the feed was less than ‘he ro-clcst
levels reporied in the Monsanto study,

Although most birds and mammals
sppear to be selatively resistamt 1o
PCBas. some speces, such as mink, secm
lo be more suscepuble. Fish are also
more susceplible; Stullings found that
bluegill and catfish died when exposad
for scveral wecxs 10 concentralions be-
tween 20 and 50 parts per bulion, taat
trout dwed at aboul 8 ppb, and that
lcthal doses for shump were as low
as | ppb.

The_brological achons of PCBs in-
side the body are also relalively uo-
kaown. PCBs have been shown to altur
liver tissue, inhubit the growth of culs
tured cclis, and affect a vanety of ¢o-
yme sysiems; but 1n most instances
“ihe mechanism of acuon is sull uncer-
tain. Pau) Lichienstein of the Univer-
sty of Wisconsin has shown that PCDs
interact with DDT and oiher chior-
nated pesiiciudes; nontexic amounts of
PCBs in insects mcreased ke tovcity

of 'DDT and some organo phosphate

pesticudes by as much as 100 pereeal
Much of the rescarch on PCDs has
pointed 10 the sumulacity of PCBDs and
DDT in their cnviconmental ciTects.
They are both widelv disiributed n the
environment, they both aflcct the re.
productive system of buds, and they
enier the human diet prumanly through
residues in fish, But PCBs, unhle DDT,
were seldom deliberately released into
the environment, Thest presence and
persistence there reemphasize the Like.
hhood that any widely used imdustrial
chemical may become an environmental
pollutant, and (nercase the responsibil-
wy for public d.sclosure of production
quantities and use palicrns when sumlar

situations occur (n the future,
—~ALLEN L. HaMMoND
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