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Intensified rescarch is needed to minimize their dangers

Carl Q. Gustafson, Federal Water Quality Administration, Athens, Ga.

During the past three years, a numbered positions of the biphenyl Aroclor. PCh's are also manufactured

special class of compounds, called
polychlonn:lled biphenyls (rcn's), has

] d the of ccologists and
pesticide  analysts in this country.
These T ds werc not di d

in the environment until 1966 in Swe-
den and 1967 in the U).S., despite the
fact that they have been available com-
mercially for 40 ycars. interest in pca's
has arisen beeause they are frequently
found in fish, bird, watr, sediment,

structure,
M
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In the process of replacing hydrogen
atoms with chlorme atoms. a lnrgc

and other envil plus when
such sampiss are examrod for chlosi-
noted pesticide residue. That a wide
variaty of sampics conti.ining Pen'S has
been coliccted from England, Scandi-
navie, The Netherlands, Antarctica,
Cantral America, and many different

‘parts of the U.S. makes them truly

ubiquitous poilutants.
Polychlorobiphenyls are made by

substituting chiotine atoms for onc or

more of the hydrogoa atoms at the

ber of
orise. For example, 1hre« monochloro-
bipheoyl uomm are possible, 12 di-
i 1t zl ikl

in Europc and Japan, undecr trade
names such as Phenocbior and Clo-
phen. The various Aroclors ars dif.
icrentisted by a four-digit numbes,

with the last two digits indicating the

percentage of chlorine in the mixture.

Properties

The three most important physical
propertics of 1he rcw’s are low vapor
oressures  (thcy have high boiling
.Qints), luw water solubllity, and high
diglectric  constants  They are mise
vible wnh mont orpunic solvems and

blph..nyl isomers, and eo on. Theoretl-

patibl: wuh maay types of doly.
mors. Although some individual y e

cally, 210 pounds can be p d
by this sulatitution process; a typical
oxample would be 2,4,6,2'4"-penta-
chiorobipheny).

Whenever  aromatic  hydrocarbons
such as bipheayls are chlorinated, the
product is a mixture of compounds, in-
cluding isomers. It is quite difficult
lo :ynlheslze single, specific chloro-

ds in the lab y

The Monsanto Co. stated recently in a
letier to Congressinan William F.,
Ryan of New York that as of August
30, it would no 'onger sell pew's 1o
eustormcers for use in g: neral plesticizer
operations where dispusi ! of the end-
producis cani.t e cont clled. tftor
some lag period—the t.mce it taaes o
eventully disposce of t:¢ weuducts
maile from red's and cu cony in
PrOCEIIOr's 1venlories=- 1 ¢ quuntity
of PCu's getting (nta the environ-nent
may he substuntially red:icod. 1
Monsunio's foriner customers ok for
PN sihssieutes, rather “hav purs naxing
PON'S fromt wtanufuctie con in Ja an
wnel Lierape, the projected dececase
could hecom. a reality

Cari G, Gintafon

¥4 Lovi tal Scivwe & Fock

unless mvolved procedutes ate em-
ployed. Consequently fow of the indi-
vidual compounds have been prepared
in the purc form for study.

In the commercial process for ves
mapufacture, biphenyl s chiorinuted
with anhydrous chioring. in twl! cy-
tindrical towe:s with cither iron Jilings
or ferric chivrig as the Curiyst Phe
by-product is bydrogen chloride the
product is a mixturs of several Pon's.
The degree of chiorinaiion o deter-
mincd by measuring the specitic yravity
of the mixture or, when the product
is more viscous, the ball-and-ring soft-
cning-point (eat is used, The w: ~e pro-
coas takes from 12 10 36 hour.

In the U.S., the sole manufacturer
of rew's is the Monsanto Co., which
murkets them under (he 14'r‘-ul-: name

3 ./e
S ok

ds arc ciys-*
(ulfine, the Alot\or mixtures age either
«iquids or resing,

The chomical s-opu-ties that make
rer's desirabic indusirial materials are
their excellent thermal stat.lity, their
strong resistaace 10 both icidic and
basic hydrolysis, und :heir scneral in-
artness, They are quite resistant to
oxidation, Monsanto reports, in a teche
nical bulletin on pcu's, that they can
be heated to 140° € under 260 p.s.i. of
oxygen pressure “without shawiag any
evidence of oxidution as judged by de-
velopment of au.cty ot fo:.ton of
sludge.”

The physiolozi 4l propert:vc of the
pep'’s make then: atentially se: ficaat
CORLAMNNADA. Y tow chvigols Lt Fop
any poliutant, iw- ' .clors are imuived:
acute toaicily, alich. f8 vt
evident because of o high dew
other nuiming et wad ¢h
icity, which 18 1he ofa v
cumulalion of (ke wion i the sy
and is a sublath,  sfeet. Whonove-
acule toxicily 15 “4 palh Lt w,
be readily recu 4nd :

< hune

T remwedian actions wil be intredueed, 1,

on the other hand, .vute toxicity i low,
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e physotopical effects will go -
o wntil the chrontic etfects make
aeggaeites evideit, When this happena,
problem may have advanced be-
yond imnwdiate or casy correction.

Acute toxicity

Al studies of ron's in animaly jodi-
cate that acule toxicity i nob a signific
cant factor, Their acute toxicitics are
on the order of those of other chloni-
nated aromatic compounds. Monsanto
has sponsored two investigations of
the avute toxicitics of Aroclor mix-
tores. In the first, at the Kettering
Laboratory at the Univenity of Cin.
cinnati, Dr. J. . Treon and his coe
workers investigated the toxicity of
Arocior vapors for guinea pigs, mice,
rabbits, and rats. Al animals survived
& 2d.day vxposure to 0.83 p.p.m. of
Aroclor 1242 for 7 hours per day on
17 of those days, Even after morce pro-
longed tosls, there were no severe of.
fects from Arocior 1242, In the scconu
investigation, still in process, three
groups of baagles aro fed Arocior 1242,
1254, and 1260, respectively, at a rate
of 100 p.p.m, in their dicts. After thice
“ath, ne significant  abmormalities

( ¢ been noted.

Similar studics on fish have been per-
formed in several luboratories. Dr.
Richard Schoettger of the Sport Fish.
eriex and Wildlife Fish-Pesticide Re-
search Laboratory in Columbia. Mo.,
reports that 96 hour-Tl.,, texicitics of
the Arociors to trout range from 1.17
1o 60 p.p.m. Comparcd to ooT, whose
96 hour-1L,, toxicity is 0.002 to 0.009
p.p.m. for trout, the PCh’s have a relu-
tively low acute toxicity. With the more
senaitive blucgill, the 96 hour-Ti,, for
Aroclor 1248 is 0.278 p.p.m., whilc
that of POT is 0.008 p.p.m. Arocior tox-
icitics appear to be inversely propor-
tional to the chlorine content of the
mixture.

Shelifish, oysters, und shrimp arc
more semifive to rei's, Dr. Tom
Duke, at the Bureau of Commercial
Fuisheries Pesticide Field Station, re-
ports 100’ ¢ mortaliny of juvenile pink
shnmp exposed (0 0.10 p.p.m. of Aro-
clor 1354 i winter for I8 hours. This
oncentiation of - Araclor 1254 will
S o 1% sleerease in shell growth

{ oysters after %6 hours, "To achieve
the samie allects with pbT in these ex.
pariments, only 0.0000 p.p.m. and 0.04
P-pim., rerpectively, were seyuired.,

There is wery little evidence that
PO’y are toxic t inscely. Shadics o
date show it they are less togic than

dicldrin or T, As with fish, their tox-
icity apprars 10 be iavencly propor-
tional to the cilonne content of the
mixture,

Bascd on the above duta, it is une
derstandable  why the polychlorobi-
pheayls, commercially available for
40 ycars, have only recenily attracted
attention as toxic eavironmieatal con-
tanunants.

Chronic toaicity

The chroaic toxicities of rcu's pre-
sent 4 more disturbing situation; several
chronic cffects have been observed. It
was discovered, quite by accident, that
rcw’s have a toxic cffect on chickens.
Professor E. L. McCunc and his co-
workers at the University of Missouri
found their chickens dying after they
were placed in a feeding house, parts
of which had been freshly painted with
an cpoxy paint. Carcful investigation
revealed that the toxic factor was Aro-
clor 1242, a binder in the paint. When
Aroclor 1242 was fed to the chicks it
produced ihe same characteristic effects
as chick edema factor. McCune re-
poried: “Gross pathalogy included hy-
droperi i hydroperitoni en-
larged heart, liver, and kidneys, and
hemorrhage of internal organs. Mi-

croscopically  the  kidacys  showed
marked tubular dilution and numcrous
cans,™

Another chronic cflect of pes's is
relaled in wildfowl, The accumulation
of high concentrations of chlorinated
hydrocarbons in birds resulted in dis-
ruption of nornial breeding behavior
and in the formation of thinyielled
cges. A dramatic examplo of this cfiect
has been observed in the casc of the
brown pelican. On the Anacapa Istands
off the California coast, no young were
hatched last year from 300 pairs of
nesting birds. The shelis of most eggs
laid were so thin that a dent occurred
when the egg was picked up.

There are two possible causes for
the laying of thin-shelled cggs by wild.
fowl. One is a low calcium rescrve in
the bird; the other is the inability of
the bird to deliver the needed calcium
to its oviduct, where the eggshell is
forming. The calcium level i the avian
biosysicm and the calcium reserve in
the sccondary bone structure or medul-
lary bone, found only in female birds
when they are brecding, are controlled
by the hormone cstrogen. A high es-
trogen level is associated with the fore
mation of this caicium reserve, Chlo-
rinated hydrocarbons, such as ooT,

(
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Littoanatie, S, il Bews, achivale
cozymes in ahe bver which tnsform
RCTRIC SN U NS watetsabulble
companned That s readily eliminated
Tear the bisds ey, This means that
when estrogen Tevel are low, calvit
roserves will alwe B fow, and theres
fore very Jinde calom will he availe
able for srong cgoshell prodaction,
Dichlrin and peu's are maore cflective
that BOT in Hhis type of enzyme-indue.
tion activity. Aroclor 1262 has an ¢s-
tradiol degrading potentiad four to five
times that of gpp-opE of technical
grinde POT.

Fhe ability of the female bird to
duliver calcium to her oviduet during
the Jast 20 hours, whea the eggshell is
beingy formed, i related 1o the fune-
tioning of the cnzyme carbonic an-
hydrase, When birds that have ex-
hidited the ability to lay normal cgus
are injected with a metabolite of prr
{DwE) just prior 1o the formation of
the egashell, they will Jay thin-shelled
eggs. This indicates that ot also in-
hibits the activity of carbonic anhy-
drase, the cnzyme that controls the
flow of calcium from :he blood stream
of the bird inlo its ovivuct,

Since dichliin secms to have no
effect on carbonic anhydrase. we may
assume that neither do the rcin’s, How-
ever, these compounds delay breeding
time significantly. Mary ornithologists
foel that late breeding has a stronger
influence on the reduction of bird
populations than docs the laying of
thin-shelled: epys. If this is true, rcu's
arc a more potent threat than LT 10
our Juclining bird populations, es-
pecially for predatory birds that ac-
cumulate faicly high levels of vca’s be-
cause they eat smaller animals that a)-
ready have concentrated rep's in their
own lissuvs,

Other investigators have produced
evidence to show that ren's are simi-
far 10 LOT in their activity. Dr. Joseph
Street at Utah State University  has
shown that when ren's accumulaic in
the liver, they induce microsomal cn.
aymw netivity by bringing about more
rapid metabolism of drugs, insecticides,
and other foreign compounds. He fed
ruis a dict containing St ppam. of
Aroclac 1254 or Arovler 1260, After
10 day . on this dict, the test animals
were administered hexobarbitol at a
dose o 00 p.pm. 1o induce sleep.
In comparnan with a control group,
the sfevping timo for these rals was
reducest hy 65 to 80%. Sirect abso
found that Aroclor, when fed at the

L1~ I Neivowe & Tevhinol

same level, will reduce dieldrin stor-
age in adipose tissue by 90 10 95%; in-
creasc aniline oxidation by 200 to
300%; and increase EPN cetoxication
by 430 10 470%. In addition, the PCR's

point of bringing about maliunctions
in the systemr. For example, Strest be-
licves that the rcu’s bring about sieroid
degradation, which can lead to altered
endocrine relationships.

cause activation of organothioph
phate compounds, which .xdvursciy af-
fect the systes. This latter eficet coun-
terbadances the detoxification of dicl
drin,

Normally, when a substrate activaies
an enzymg, it is converted 10 a waler-
soluble form that will be climinated
from the system; however, this is not
the case with rcn's. Because they se-
main in the system for prolonged pe-
riods of time, their enzyme induction
activity is always present. In this way
the normal concentration of important
body chemicals may be lowered to the

MONS 084085

The ch toxicity 10 man is a3
follows:

Like the chlonnated naphthalencs,
the chlorinaed diphenvis have
two distinct actions on the body.
namcly, a sk erfect and 3 tovic
action on the liver. The lesion
produced in the liver is an acute
yellow atrophy. This hepaio-tosic
action of the chlormated  di-
phenyls appeirs 10 be ine
|f there 1 v\posure 10 ¢ar
fetrachloride at the same ume,
The higher the chlonine content of
the Wliphenyl compound, the more
toxic it is Jiable 10 be, Oudes of
chlorinated diphenyls are more




wae than e wnodiacd  ma.

Wil

Tae shen leson i hnown as
JRPRTIRSE IORT) T IR THIVIN SRR T RN T Y|
smpiey and dank prgaentation of

( the eaposed areas, imiably, Laker,
comediies and pisitiios develop.
In persons who bave sutfered
s e intoaication, the  usual
MAM and symploms ane pausea,
VORERE, lns of weight, jaumtics,
edenii,and  abdoininal  pain.
Where the hver damage has been
severe, e patient nuy pass into
ot and i,

Sax, N. living, “Dangerous Prop-
erttes of Indusirial Mazerials,” Srd
el Van Nostrand-Reinhold, New
York, 1968,

The ubiquity of ren's is relatéd 1o
the wide spectum of applications that
have been found for them, The largest
ungle use of rep's is related (0 their
electrical properties—as cootant-inxu-
lation flukix in transformers. For this
purpose the Aroclors are also sold
under such trade names as Chiorexiol
{Allis-Chalmers Mfg. Co.), Dykanol
(Fedorat Pucific Elearric Co.), lner-
wen {Wostinghouse Electric Co.), No-
flamol (Wagner Electric Co.), Pyranol
(Genernl Elvctric Co.). and Thermi-
not (Monsanto Co.).

Other waey of 2En's include formula-
won inte balluwts for fluorescent fix-
wres; impregiacion of colton and 4
besten far braided insulation of elee-
trical wiring: a plasticizer in wire and
cablo contings; capacitors and askarel-
type transformers; and plasticizers of
vinyl ch'oride polymer films. Because
of their thermal stabiliy and fire re-
sistance, the pco's also find application
in high-prexsuce hydraulic fluids, spe-
cialized lJubricants and gasket scalers,
heat trumsfer agents, and machine too)
cutting oils. Miscellancous uses in-
clude: formulation into some epoxy
paints; protective coatings for wood,
metal, and concrete; adhesives; and in
cazbonless reproducing paper. One of
the primary manufacturers of carbon-
less reproducing paper also gells Avo-
clors in an cncapsulated form,

Generaliy the Kinds of applications
duscribed above mean that the pen's
will be in many 1ypes of products that
eventualty find 1heir way to the donmiese
tic murhet. When wsed in mannacture
of ballusts Tor fluorescenmt fixtures they

( U by found in kitchens, bathiooms,
stures, and offices throughout the coun-
uy. Wherever oflice forms are uscd
that do nol use cathon puper, one may
And pen’s farmuluted into the micro-
capsules of dye that comprise the re-
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Gas chromatogram A is of a staudard pesticide mixture, B is typical of Arocior 1254,
and A 4 B is the chromotogram of a 50 : 50 mixture of both. Thie concentration of
Aroclor 1254 is approximately 10 times those of the pesticides in A, hence It is un-
derstandable why PCB's were rot readily recognized in pesticida chromatograms.

Gas chromatopraph (Packard 7620) conditions: gas flow 80 ml./min. nitrogen; tom.

peratures—overn, 210° C,, inlet. 230° C., dctector, 218° C.; Ni* electron capture
detector; 5° X Ya" glass column packed with 8% $E-30 on Chromosord Q 80-80

mesh,
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producing layer of the business form.
re’s have also been found on the
tranaparcnt receipls used in eredit card
charge forms, As plasticizers they can
be expected 1o appear in many cone
sunter plastics.

Since the chronic 10xicities arc »0
significant, it bucomes imporint 0
know just how extensively the pcu's
are distributed in the ccosystem, and
just how they find their way into

084086

the cnvironment. Ramwater in En-
pland, brown scals off the ¢oast of
Scotland, white-taited cagles in Swe-
den, cod in the Baktic Sea. mussels in
The Netherlands, adelic penguin epes
in the Antarctica, brown pelican eges
in Panama, Arclic terns, shnmp in
Florida, river water in Japan, waters
in the Great- Lakes, human hair, and
human adipose tissuem—samples of all
these have been found 1o vontain rea's,

VYolume 4, Nuniber .y, Ovigber 1970 $17
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thin makang them 3 shass oF widely
ispersed pollutants,

Readily absorbed

The properties of per's that make
them  indasteially el e ddie
same peopertios. that catse them o
persist in the environment, These in-
Chade thermal sability, rosistange 10
onidation and hydroivsis, solululity in
a wide range of orgae slvents, water
insolubility, high diciestric constant,
and compatibility witi many types of
macromolecules. Theas resistance o
oxidation amd hydroiysis also makes
pcp’s more stable and persistent than
onT. Consequently, they could evens
tually accumulate to a higher concen-
tration than ppT, espocially if the use
of not is sharply curt.iled in the U.S.

The solubility of »cR's in nonpolar
solvents explaine why they ace readily
sbsorbed into (alty tissue and into the
liver. Their resistance to oxidation or
other types of chenucal degradation
explains their persisicnce in the en-
vironment and accumulition in saimal
tissue. The latter eflect is enhanced
both by their insolubdility in water and
solubility in organic solvents. Their

r

chemical incriness and resi to
metabolism  agcount  for their low
acute toxicity, But as they siowly
build up in a living ~ystem their con-
centration approaches toxicity levels,
st which point chronic cffccts make
themselves evident.

It has been established that fish-cat-
ing birds will accumulate large concen-
tiations of rco's, as in the case of the
while-tailcd cagle, which has been
found to have as much as 14,000 p.p.m.
of pep's. Peregrine falcons, taken ofl
the coast of California, were found to
have as much as 2000 p.p.m. in their
lipid tissuc. When shri.np were exposed
10 10 p.p.b. of Aroclor 1254 for 48
hours, they accumulated 1300 p.p.b. of
rcu's, which ropresent« a 130-foid cone
centration in a very short timo, Oysters,
exposcd 10 an identical concentration
of Arocior 1254 for 96 hours and then
placed in pen-free water for four days,
siilt had a conceatration of 33,000
ppb. of ven's, whith constitutes &
3300-fold concentrauon, This mcans
that even though the concentrations of
rco's are in the parts-per-biilion range
in the eavironment, their high Hpid
solubility casnes them to coltect in fatty
tissues of lower animals and marine
life. Therefore, specics al the top of a
(ood chain will abo wenmulate pen's
I their bodien, pavicularly a theie
bipid disso anad Liver, s magh the same

.
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way as they accumulate DDT and other
chiorinated pesticides.

Because of the low solubility of pca's
in water, when a solution or dispersion
of them is discharged into a river or
lake, they will accumulate on the sedi-
et in ly high i
Subscqg! ly, they will redissolve very
slowly in the water as conditions
change. Therefore, it will usually take
a long time to flush out a contaminated
arca.

Accidontal eccurrence

The reason that rci's have not been
found in the ecosystem as cxtensively
as DNT, and arc Aot prescnt in environ-
mental samples at as high a concen-
tration as ooT, ix that rco's find their
way into the environment actiduntally.
POT is deliberatcly spread because this
in the only way its i icidal proper-

gators find taat the concentratis
»C¥'s in the covironment is as B
that of ooT.

There are scveral ways by *
PCB'S get into the ecosystem. O
these is by incineration. Products
taining PCo’s, such as carbonies
producing paper in busincss §
plastics (especially polymer films
sheeting that contain PCa's as |
cizers), spom ballasts from flugve:
light fixturcs, and objects coated
rco-formulated coatings, all find
way to the city dump or incine
for burning. The Pca's do not ber:
are vaporized. They are then ¢
into ths atmosphere, where they
on particulate matter and are »
quently returned 1o the surface ¢
carth, into the rivers, lakes, and o
In this way they become widety

ibuted 1h hout the global ens.

tics can be utilized. pco's are not ine
tended 10 get into the ¢nvironment, but
they do because their wnique chemical
propertics provent them from being de-
stroyed by our usual wasle disposal
methods, Thus, they inadvertently es-
cupe and become widely dispensadd.

In Sweden, where the wse of oo
han beea banaed, and wheee e auia
powar sourc is hydroclectric, investie

MONS

ment. Another sourcs is probatvy
run-off from indusirial wastes
dumps. A third source is the pos
manufacture and the plants w»
ren's are processed into other prod
They can excape through the plane
tilition and exhaust aystoms s
atmosphiery st theongh itk wasie ¢
I AYALIN S WO O diseaily
witlerways,

084087
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T ii w inferestog to note that the inci-

S et OF PO envisonmientad sam-

ples in Baghest o ndustriaied and ur-
Donad i Wads whose primacy

Aviat is the San Fuaciveo Bay onoa
f W larger concent. ation of rew'y
pet wnit of boudy weight than those lo-
ated in Bajn, Calif,, which is com-
pletely cural. Aquatic lile in the Archi-
pelago of Stockholm, the most indus-
triakized arca of Sweden, were found
10 have a higher concentration of rcu’s
than fish samples taken from the west-
e coast of Sweden, a less developed
arca. Sediment samples taken from
wouthern portions of Lake Michigan
have & higher conceniraiion of peu's
than those from other parts of the lake.

Monsanto siates that until & recut
change in murheting policy (see inst,
page 814), sales of Aroclors were in-
creasing at the rate of 8% per year.
Whils this increass does not scem sig-
nificant, §t may be important if the in-
creased pion was in r

column  ¢lromatography to separate
von's from chlorinated pesticides. At a
fecenl  Auclng,  spomored by e
FwoA's Nitonal Witer Quality J.ab-
oratory, Datuth, Minn., s genersl pro-
cedure was recommended for sepira-
tica of ren's from pesticides, In this
procedure {or biosamples, the sumple
is exiracted with hexane as in regular
pesticide analysis. It is then partitioned
with acetonitrile to remove fats, the
cleaned-up extract is passcd through a
Fluorisil column and then through a
silicic acid column. Finally, the sampie
is analyzed by gas chromatography,
with a chloride-specific detector. In this
way the pesticides ars retained on the
silicic acid column for later efution and
identification.

Resenrch necds

To assess fully the significance of
rcu’s n environmental pollutants, ad-
diti h is needed. No one

produnts and thus would find their wiy
into our normal solid waste dispor.l
systems. Such an occurrence would

really knows the cxtent of the chronic

cffects of these chlorinated hydrocar-

bons. Some probiems that need to be
idered arc:

mean a definite § of PN residu:
in the environment, and thercfore a

*  Although rcn’s are known 10 ac-
latc in human organs we do not

marked i in their ch 10x-
teity cffects,

- stestion

ron's were not discavered ia environs
mental xaunples unatil very recently for
soveral reaxons, Tirst, ax  indicated
above, they have not been deliberately
disteibuted abont the ecasyaem, See-
ondly, ecause of iheir relatively low
acute toxivities, their presence was not
immediately cvident. Finully, they ars
diflicult to detecs analytically,

The rew's were first detecied as in-
teslering pe in the pas chrommo-
graphic analysis (GC) of envi
samples belnu analyzed for chlorinuted
pesticide rosiducs. When »c’s arc pros-
ent in & sample they give a pattern of
sveral 6e peaks, whose retention times
are similar 10 those of digidrin, obT,
oot, alurin, and heptachlor oxide. Be-
eauss the peaks were not large or
sharp, inveatigatons temdied (0 ignore
them until S. Jensen, in Sweden, and
R. Risebrough, at the Universicy of
California at Berkeley, identified them
a8 correspending 10 common constilue
ents of eniroamental sampies being

nalyzed for persistent pesticides,

‘The problem of the interfercnses of
Pcu's with the analysis of other chiori-
nated pesticides has heen lurgely over.
come by prior trcatment of the sam-
ple. Several investigators have used

know at what concentration they will
begin 10 exhibit toxie effects, Will these
chronic cffects be similar 1o those
showa in  animals—microsomal ¢n-
zyme activity, caicium metabolisny ine
hibition, und so on? What arc other
possible chronic ¢ffects?

«  Which of the many Pcn com-
pounds in the commercially available
mixtures are responsible for their 1ox-
jeity? Can commercial PCR mixtufes be
modificd to climinale the toxic com-
e 7 Pure samples are required to
answer these questions. At the preseat
time work is continuing at the F\WQA'S
Southeast Water Laboratory to sep-
arate cach of the Aroclor mixtures into
its many components, and to identify
cach component.

*  We need 10 know all the usea for

*the Pcw's. What is the annual produc-

tion of rcn’s? Our knowledge of these
facts is bimited and necds (o be ex-
panded. These facts should be known
if we arc to accurately determine how
they get into the environmest, and take
steps 1o prevent further environmental
contamination by them,

* In view of the complexity of the
isolation and accurate quantitative
analysis of eca's in chlorinated resi-
ducs, a straightforward, unambiguous
measurement of them nceds to be de-
veloped.
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*  What is the fate of pca’s in nar.
ural waters? More needs 10 be known
of their partition cocflicients between
bottom sediments and water. This s
vitul if we are to «limate bow Jong it
will tuke for a river bed 1o clean isclf
of contamination. It will also be useful
when asssing the cilects of »Ca's on
marine life that fecd on the battums of
lukes, rivers, and estuaries. We should
also learn morc about pca solubility in
walcr of various ionic strengths.

* Arc present waste treatment sys-
tems adequate to handle Ca's? Do ape-
cial measures need to be taken whea
pco's are pan of the waste efffucat be~
ing treated?

By trying to get some of these an-
swers now, we may (ind that we are in
a position to contral the escape of
rcn s into the environment before ad-

I damage is done. So frequent!
action is taken only after it is cv:dcnt
that massive damage has resulted from
a particular pollutant. In the case of
the pca’s we may have an opportunity
to resolve the situation befors ihat
happens.
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