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PCB’s=prevalent

and persistent

Car) Q. Qustafson, Federal Water Quality Admnistration, Athens, Ga

Dunn. the past three years. a

special class of compounds, called
polychlorinated biphenyls (Pca’s), has
claimed the attention of ecologists and
pesticide  analysts m  this  country
These compounds were not discovered
in the environment until 1966 in Swe-
den and 1967 n the LIS, despite the
fact that they have been availabic com-
mercially for 40 years Interest in pCB'S
has arisen because they are frequently
found m fish, bird, water, sediment,
and other environmental samples when
such samples are examined for chlori-
nated pesiicide residues That a wide
variety of samples containing pca’s has
heen coliccted from England, Scandi-
navia, The Netherlands, Antarctica,
Central America, and many different
parts of the US makes them truly
ubiquitous pollutants.
Poiychlorobiphenyls are made by
substituting chiorine atoms for one or
more of the hydrogen atoms at the

The Monsanto Co stated recently in a
letter 10 Congressiman William F,
Ryan of New York that as of August
30, it wonld no longer sell pco's to
cusiomers for use in general plasiicizer
operations where disposal of the end-
products cannot be controlled, Ajfter
some lag period—ithe time It takes to
eveniuatly dispote of the products
wmade from PC8's and ciurrently in
processor’s inventories—the quantity
of PCH'S geting into the environment
may be subsiantially reduced If
Monsanio's former customers look for
PCn subsniutes, rather than purchasing
PCR'S from monufacturers in Japan
nnd Europe, the projecied decrease
rould become a reality,

Carl G Gusiafson
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numbered positions of the biphenyl
structure

3 2" 6 5

In the process of replacing hydrogen
atoms with chlorine atoms, a large
number of substitutron combinations
arisc For example, three monochioro-
bipheny! 1somers are possible, 12 di-
chiorobipheny! isomers, 2i trichioro-
bipheny! 1somers, and 30 on, Theoreti-
cally, 210 compounds can be prepared
by this substitution process; a typical
cxampie would be 2,4,6.2°4"-penta.
chiorobiphenyl

Whenever aromatic hydrocarbons
such as biphenyis are chiorinated, the
product 15 a mixture of compounds. in-
cluding tsomers It 15 quite difficuit
to synthesize single, specific chloro-
biphenyl compounds in the laboratory
uniess involved procedures are em-
ployed. Consequenty few of the ind:-
viduai compounds have been prepared
in the pure form for study.

In the commercial process for Pca
manufacture, biphenyl s chlonnated
with anhydrous chionne in tali cy-
iindrical 1owers with either iron filings
or ferpic chloride as the catalyst. The
by-product 15 hydrogen chlonde, the
product 15 & mixture of several pca's
The degree of chlorination s deter-
mincd by measuring the specific gravity
of the mixture or, when the product
1 more viscous, the ball-and.ring soft-
ening-point test 15 used The whole pro-
cess takes from 12 to 36 houns

In the U S, the sole manufacturer
of rce's 1s the Monsanto Co, which
markets them under the trade name

Intensified research is needed to minimize their dangers

Aroclor. PCB's are also manufactured
im Europe and Japan, under irade
names such as Phenochlor and Clo-
phen The various Arociors are dif-
ferentiated by a four-dign number,
with the last two digits indicating the
percentage of chionine in the mixture

Properties

The three most importani phyucal
properties of the pca's are iow vapor
pressures (they have high boiling
points), low water solubtiny, and high
dielectric constants They are mus.
cible with most organic sclvents and
compatibie with many types of poly-
mers Although some individual poly-
chlorobiphenyl compounds are crys-
talline, the Aroclor mixiures are either
liquids or resins

The chemical properties that make
rca's desirable industrial materials are
their excelient thermaj stabilnty, their
strong remstance to both acidic and
basic hydrolysis. and their general in-
ertness They are quite resistant to
oxidation. Monsanto reports, 1 & tech-
nical bulleun on pca's, that they can
be heated to 140° C, under 260 p s of
oxygen pressure “wilhout showing any
evidence of oxidation as judged by de.
velopment of acidity or formation of
siudge.”

The physioloprcat properties of the
rca’s make them potentially sigmificant
contaminants of the environment, For
any pollutant, two factors are involved
acute toxiciy, which 1 immediately
evident because of a high death rate or
other maiming effeci, and chronic iox
icity, which Is the result of a slow ac.
cumulation of the poison :n the body
and 18 a sublethal effect, Whenever
acute toxiciy i high, & pollutant will
be readity recognized and appropriate
remedizl actions will be introduced if,
on the other hand, scute 10xictty 13 low,
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the physiological eflecs wili go un-
notice until tbe chroowc effects make
1hemselves evident When tkus happens.
the problem may have sdvanced be.
yond immediate of easy correction

Acuts texlsity

All studies of pca’s in amimais 1ndi-
care That scute toXicity i not a aigmf-
cant facior Their acute toxiciiles are
on the order of those of other chion-
naled aromatic compouncis Monsanio
has sponsored two investigahons of
the acule 10xmicises of Aroclor mux-
wres [n the first. at the Kettering
Laboratory at the Umversty ol Cin.
cinnan, Dr J F Treon and his co-
worhers inveshigated the toxicily of
Aroclor vapors for guneas pygs, muce,
rabbis, and rats  All amimals survived
a 24-day cxposure 10 OR) ppm of
Aroclor 242 for T hours per day on
17 of those days Even after more pro-
ionged lests, there were no severe ef-
fects from Aroctor 1242 Tn the second
nvesiipalion, <ull in process. three
groups of beagles are fed Aroclor 1242,
1254, ang 1260, respectiveiy, at a rate
of 100 p p m iniheir diets Afier three
months no sigmficant abnormalities
hive been noted

Sinuisr siudewes on fish have been per-
formwil 1n several lahoratones  Dr
Richard Schoetiger of the Sport Fuh-
erres and Wildiife Teh-Pesticide Re-
search ! aboraiory in Columbia Mo,
teporis that 96 hourTLy, roxicites of
the Arociors 10 Irout tange from 17
10 60 ppm Comparcd 10 DOT, whose
96 hour-Tt ., toxicity i1 0 002 Lo 0 00%
ppm for irout, the PC3's have a rela-
uvely low acuse toxicity With the more
sensittve bluegill, the 96 hour-TLy, for
Aroclor [248 13 0278 ppm. while
that of T 1s 0 008 p pm  Aroclor tox.
iciues appear 10 be mversely propor.
fional 10 the chlorine content of the
mixiure

Sheilfish, oysters, and shrimp are
more sensihve 10 Pca’s Dr Tom
Duke, a1 the Bureau of Commercial
Fisherrcs Fusticide Fiold Station, re-
ports 100% mortaiity of juvenile pink
shrmp cxposed to 0 i0 ppm of Aro-
clor 1254 1n water for 48 hours This
contenirsiion of Aroctor 1254 wali
cause a 100% decrease in sheil growth
of oysters afier 96 hours To achieve
1he same effects with poT 1n these ex:
perimenis, oniy 0 0006 pp m and 0 0j
PP m . respectively, were required

There 13 very hitile evidence that
PCR's are loxic 10 insecls  Studies lo
dale show thal 1hey are less 1oXic 1han

dieldrin or poT As with fish, their 10x-
ity appears [0 be tnversely propos-
lional 1o the chiorine conlent ol the
mixture

Based on the above data, it w un-
derstandable why the polychlorobr-
phenyls, commercially available for
40 years, bave only recenily attracted
atlenlion as lofw environmentaj con-
tamunants

Chrenle toxiclty

The chronic toxicities of rca’s pre-
went a more disturbing suuation, severat
chronic effects have been observed. It
was discovered, quite by sccident, that
pCa’s have a toxic effect on chickena
Professor E L McCune and hus co-
workers at the Universty of Missoun
found their chickens dywng afier they
were placed in a feeding house, paris
of which had been freshiy painted with
an epoxy paint Careful investigation
revealied 1hat the 10xic facior was Aro-
clor 1242, a binder 1n the paint When
Aroclor (242 was fed 10 the chicks it
produced the same charsctenstic effects
as chick edema factor McCune re-
ported "Groms pathology inciuded hy-
dropenicardium, hydropentonium, en-
larged heart, Yiver, and kxdneys, and
hemorrhage of internal organs M-

croscopicaliy the kidneys showed
marked tubular duation and pumesous
cosis *

Another chronic eflect of rcas »
reiated 12 wildfowi The accumulation
of high concentrations of chiorinated
hydrocarbons in birds resulied in dus-
ruption of normal breeding behavior
and in lhe formauion of 1hin-shelled
egps A dramatic example of this effect
has been observed n the case of the
brown peiican On the Anacapa Islanda
off 1he Caltforma coast, no young were
hatehed jast year from 100 pairs of
nesting birds The shells of most egp
laid were 3o thin thal a dent occurred
when 1he egg was picked up

There are 'wo powible causen for
1he iaying of 1hin-shetied eggs by wild-
fowi One 13 & low calcium reserve in
the burd. the other 15 the inability of
the bird 10 deliver the needed calcium
1o is oviduti, where the eggshell
forming The calkcium level 1n 1he avian
rosystemn and the calcium resesve n
the secondary bone structure or medui-
lary bone. found only in female birds
when they are breeding, sre controljed
by the hormone estrogen A high es-
frogen level 15 associsted with the for-
maton of thi caicium reserve Chio-
rnnated hydrocarbons, such s poT,

K_
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chlordane, dieldrin, and pca’s, activale
enzymes in the liver which transform
gstrogen nfo & more  waler-soluble
compound that 13 readily eliminated
from {he tird’s body This means that
when esirogen leveis are low, cakium
teserves will alyo be low. and there.
fore very little calcium wili be avail-
able for sirong eggshell producton
Dieldrin and rce's are more effective
than noT in this type of enzyme-Induc.
uon acuvity Aroclor 1262 has an es.
iradiol degrading potentiai four 1o fve
tmes that of pp'-0oe or techmcal
grade DoT

The sbility of the female bird to
deliver calcium 10 her oviduct dunng
the tast 20 hours. when the eggshell i
being formed, 15 relaied to the func-
noming of 1hc enzyme carbonic an-
hydrase When hirds that have ex-
hibited the abihity to iay normal eggs
are tnjecied with a metabolite of pot
{PPT) just prior to the formation Of
the eggshell, they will jay thin-sheiled
eggs Thi mdicates that pot abo In-
habits 1he actrity of carbonic anhy-
drasc, the cnzyme that controls the
Row of caicium from the blood stream
of the bird into its oveduct

Since dieldrin scems 10 have no
eflcel on carbonic anhydrase, we may
assunic that neither do the pca's How-
ever, these compounds delay breeding
time significantly Many ormthologsts
fec) that late breeding has a stronger
influcnce on the reduction of bard
populanons than docs the laying of
then-chetted cgas U thie e true, reb's
arc a morce potent threat than poT 1o
our decliming bird populations, €3
pecially for predatory birds that ac.
cumuiaie fairly high levels of pca's be.
caus¢ they cai smalicr ammala that al-
ready have concentrated pea's in their
own Lgsues

Other tnvestigators have produced
evidence to show that rca's are sm)-
lar lo DOT in their activity, Dr Joseph
Street at Utah State Umiversity has
shown that when pca's accumuliate in
the hver, they induce microsomal en.
tyme aclivily by bringing about more
rapid metabolism of diugs, insecticides,
and other foreign compounds He fed
rais 8 diel conmmining 5O ppm. of
Aroclor {254 or Aroclor 1260 After
10 days on this dici, the test animals
were admimistered hexobarbitol at a
dose of 100 ppm to induce sicep
In companison with s control group,
the sieeping nme for these rats was
reduced by 65 10 80% Street shso
found that Aroclor, when fed at the
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same fevel, will reduce dieldnin stor-
age in adipose ussue by 90 1o 95% , 1n-
crease aniine oxidation by 200 to
300%, and incresse Ern detoxication
by 430 to 470% . In addition, the pca's
caise activation of organothiophos-
phate compounds, which adversely af-
fect the system Thus latter eflect coun-
terbalances the detoxification of diel-
drin

Normally, when a subsirate activates
an enzyme, tt s converted to & water-
soluble form that wiil be elimubated
from the aystem: however, this 15 not
the case with rca’s Because they re-
main in the systern for prolonged pe-
nods of hime, ther enzyme induction
activity 13 always presenl In this way
the normal concentration of important
body chcmicals may be lowered to the

point of bringing abou! malfunctions
mn the sysiem For exampie, Street be-
lieves that the pca’s bring abou) steroud
degradation, which can lead 10 aliered
endocrine relationships

The chronje toXicity 1o man 13 sa
follows

Like the chionnated naphthalenes,
the chiorinsted diphenyls have
two distinct aclions on the body,
namely, a skin effect and a toxic
action on the hiver The leson
produced in the liver 15 an acute
yeliow atrophy This hepaio-toxic
achon of the chlonnated di-
phcnyla appeary 10 be ncreased
if there 15 exposure to carbon
tetrachloride at the same nme
The higher the chliorine content of
the diphenyl compound, the more
toxic it rs frable t0 be Oxides of
chlorinated diphenyls are more
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1ox:c 1han the unoudized ma-
terials

The skin lsion 15 known as
chloracne, and consists of small
mmples and dark pigmentation of
the exposed arcas, imtially Later,
comedones and pusiules develop
in persons who hsve suffered
sysicmic ntoxication  the usual
signs and symploms afc nausea,
voimting loss of weight, jaundice,
cdema, and  shdomindl - paln
Wheiv the liver damage has been
severe, the patient myy pass nio
coma and duie

Sav N Irving Dangerous Prop-
ertien of Industrial Marertals,” 2rd

ed Van Nottrand-Reinhoid, New
York 1968

The utiquity of pcR s 15 related to
the wide spectrum of appheations that
have been found for them The largest
engle mse of Peas 8 related to therr
electrical properhes—as coolant-insu-
lation flwds 10 transformers  For thes
purpose the Aroclors arc also sold
under such trade names as Chlorexigl
{Alis-Chalmers Mfg Co )}, Dykanol
{Federal Pacific Edeciric Co ), iner-
teen (Wesnnghouse Electrnie Co }, No-
flumel (Wagner Eleetrie Co 3, Pyranol
{General Eicetne Co }, and Therme-
nol (Monsanto Co.)

Other mes of red's include formula-
tion nto hallasts for fluorescent fix-
tures, impregnation of cotton and as-
bestos {or hraded msulanon of elec-
trical winng, @ plasticizer in wire and
cable coatings, capactiors and askarel.
type transiormers, and plasticizers of
vinyl chiortde polymer films Because
of their thermal stabilily and fire re-
sstance, the PCR's also find apphcation
mn fhugh-pressure hydrauiic fluds, spe-
ciphzed lubricants and gasket sealen,
hecat transfer agents, and machtne tool
cutting ouls  Muscctlancous uses in-
ciude formulanon into some epoxy
pants, protective coatings for wood,
metal, and concrete; sdhesives, and in
carbonless reproducing paper. Omne of
the primary manufscturers of carbon-
less reproducing paper alw selis Areo.
clors in an encapsulated form

Generally the kinds of spplhcations
described above mcan that the ree's
will be in many types of products that
cventually find their way to the domes.
tie market When used «n manufacture
of ballasts for fluorescent fixtures they
wil be found 1n kitchens. bathrooms,
stores, and offices throughout the coun.
try Wherever office forms are used
that do not us¢ carbon paper, one msy
flad pca's formuiated 10to the micro-
capsules of dye that comprise the re-
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Gas chromatogram A (s of a standerd pesticide mixture, B Is typical of Aroclor 1254,
snd A 4+ B is tha chrometogram of & 50 ;| 50 mixture of both The concentraticn of
Arocior 1254 Is spproxmataly 10 times those of the peshicides In A, hance i Is un

darstandabis why PCB's wers nol readily recognited in pesticide chromatograms.
Gas chromatograph (Packard 7620) conditions: gas fiow 80 mt /min, nittogen, tam

paraturss—oven, 210° C., inlast, 230° C . detecior, 218* C: Ni™ slectron capture
detector; ' x !4~ giass column packed with B% SE 30 on Chromosord Q BO-90

mash

producing layer of the business form
rca's have aiso been found on the
transparen! receipts used 1n credit card
charge forms As plasticizers they can
be expected to appear 10 many cons
sumer plastics

Since the chronic tovcities are so
significant, 1t becomes important to
know just how extensivcly 1he pra's
are distributed v the ccosystem, and
just how they find their way nto

the cnvironment  Ramwater in Ene
giand, brown seals off the coast of
Scotland, white-tailed cagies n Swe-
den. cod \n the Baitic Sca, mussels n
The Netherlands, adehie pengun eggs
i the Antarctica, brown pelican eyps
in Panama, Arctic terns, shfimp in
Fiorida, river water in Japan, waters
in the Grear Lakesr, human har, and
human adppose tissue—samples of all
these have been found ro contain ree s,

VYolsme 4, Nusber 10, Octaber {970 817
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thus making them a class of widely
dispersed pollutants.

Readity absarbed

The properties of pCa's that make
them industiralty useful are the
same properties that cause them to
persist in the environment, These in-
clude thermai stability, resistance to
oxidatton and hydrolysis, solubiuy n
2 wide range of organic solvents, water
insolubility, high dtelectnc constant,
and compattbthty with many types of
macromolecules Their resistance to
oxtdation and hydrolysis also makes
PCR's more stabie and permsient than
ooT Consequently, they could even-
tually accumulate to » higher concen-
tratton than opT, espectaily if the use
of pnT 13 sharply curtatied inthe U S

The solubilty of rce’s in nonpolar
soivents expiains why they are readiiy
absorhed into faity tssue and into the
ltver Their resstance to oxidation of
other types of chemical degradation
expisins their persistence «n the en-
vironment and accumnulation i animai
issite The latter effect 13 enhanced
both hy thewr tnsoiubdity 10 water and
soiubtitty in organtc spivents Their
chenmiical ineriness and resistance 1o
metabolism  account for ther tow
scule toxicty But as they slowly
build up in a living system their con-
centration approaches toxicuy levels,
at which point chronic effects make
themselves evident

It has been established that Ash-eat-
ing birdn wiil accumuiate targe concen-
ttations of Pca's, as in the case of the
white-taied eagle, which has been
found (o have a3 much as 14,000 p p.m.
of rca's Peregrine falcons, taken off
the coast of Califfornia, were found to
havc as much as 2000 p pm in ihair
itpid tissiie When shrimp were exposed
to 10 ppb of Aroclor 1254 for 48
hours, they accumuialed 1300 p.p.b. of
pca's, which represents a {30-fold con-
centration in a very short time. Oysters,
exposed to an identical concentration
of Aroclor 1254 for 96 hours and then
piaced in pca-frec waler for four days,
suii had a concentration of 33,000
ppb. of pce's, which constitutes a
3300-foid concentration This means
that even though Lhe concentrations of
PCR's are n the parts-per-hiition range
th the environment, their high lipid
solubility causes them 10 coilect in fatty
tissues of lower animais and marine
Iife Therefore, species at the top of a
food chain will also accumulate PCa's
in theyr bodies, particularly n ther
Iypid tiesue and [iver, in much the ;ame
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wry as they sccumulate DOT and other
chloninated pesticides.

Becsuse of the low solubility of pce's
tn water, when a solution or dispersion
of them is diacharged \nto a niver or
inke, they wilt accumulate on the sedi-
ment tn refatively high concentratons
Subsequently, they wiil redissolve very
slowly in the water a3 condittons
change. Therefore, it will usually take
a iong time to flush out & contanunated
ares

Accidental sccarence

The reason that rCa’s have not been
found in the ecosystem as extensively
a3 DOT, and are not present In enVICON-
mental samples at as high 8 concen-
tration as pOT, is that rca’s find thewr
way into the snvironment accidentally
poT 18 deliberately spread because this
13 the only way ity insecticidal proper-
tics can he uliltzed PCa's are not in-
tended Ho get into the environment, but
they o because their unique chemicai
propertics prevent them from betng de-
sitoved by our usual waste disposai
methods  Thus, they inadvertently es-
cape anil become widely dispersed

In Swciden, where the use of pot
has been banned, and where the mam
power source is hydroelectne, investi-

gators find that the concentration of
PCa’s 1n the environment 15 as high as
that of ppT.

There are several ways by which
Pca's get into the ecosystem One of
these is by tncineration Products con-
tatning Pch’s, such as carbonless re-
producing paper in business forms,
plastics (especially polymer film and
sheeting that contatn Pca’s as plasti-
cizers), spent ballasts from fluorescent
fight fixtures, and objects coated with
rce-formulated coatings, all find their
way to the city dump of tncinerator
for burning. The rc¥'s do not burn but
are vaporized, They are then carried
into the atmosphere, where they coliect
on particuiste matter and sre subse-
quently returned to the surface of the
earth, into the rivers, lakes, and oceans,
In this way they become widely dis-
tributed throughout the global environ-
ment. Another source (5 probably land
run-0ff  from industrial wastes and
dumps A third source is the point of
manufacture and the piants where
PCY's are processed into other products.
They can escape through the plant ven-
tiiation and exhaust systems int0 the
atmosphere and through its waste treat-
ment system snto sewers or directly into
Walerways
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It 15 interesiing to note that the nci-
dence of PCo s in cnviropmenial sam-
plet 1s highest an indusinalized and vr-
bamized arem Birds whose prmary
habitat 13 the San Francisco Bay ares
have a iarger concentrapon of ech’s
per unit of body weight than those lo-
csted in Bam, Cabf. which 13 com-
pleiciy rutul Agquatic life tn the Archi-
mlago of Siockholm, the most indus-
trabzed area of Sweden were fonnd
1o have o hagher concentzation of tun's
Lan hah samples taken from the west-
I ocoast of Sweden, o less develeped
wed Sedintent sampies duken from
wwthern portons of 1 ake Michigan
vive a higher concentration of rew's
han those from other parts of the lake

Monsanio sates that unhl 8 fecent
change o murheting policy (e ipset,
~ige BHL, sales of Aroclors were at-
teasing af the rote of BT per year
Whiie 1his increase doues not seem sig-
uficann 11 away e important of the in-
reased consumpiion Was i consnmer
products and thus would hind their way
g onr normul sohd wasie hisposat
swatems  Such Jn ocenrrence wenild
migan a definite jacrease of Pk residies
in the environmwenl, und therefore a
marked increase m their chronie 10x-
wity cffects

Detsction

PCR's were not discovercd in environ-
menial samples untl very recently for
scveral reasons  First, as andicated
above, they have not been dehherately
disimbuted ahowr the ecosystem  Sec.
omdly, because of their reiatively jow
acule toxicities, their presence was not
immediately evident Finally, they are
difficult to detect mnalytically

The pcr'y were first detected as in.
terfering peaks in the gas chromato-
graphic anatysis (0c} of environmental
sampics being analyzed for chiorinated
pesthicide residues When wca’s are pres.
ent n a sample they give s patiern of
swverst Ge peaks, whose retention trmes
ure sinular to those of dwlidnn, por,
nie, sldnin, and heptachlor oxide Be-
cause the pesks were not large or
sharp, investigators icnded to ignore
them until § Jensen, in Sweden, and
R Riscbrough, at the University of
Culifornia at Berkeley, ilentified them
4 corresponding fo common constitu-
cnis of environmernial samples being
anulyzed for perustent pesticides.

The prohicm of the interferences of
rois wilh she analyns of other chiorn-
nated pesticides has heen largely over-
come by priof treaiment of the sam-
ple Scveral investigators have -used

column chromatography (o separate
rcn’s from chlonnated peshicides Al a
rccent  mecting, sponsored by the
PwQa's Nahonal Water Quality Lab-
oratory, Duluth, Minn , s general pro-
cedure was recommended for scpars-
tron of pcB's from pesticides 1n this
procedure for brosamples, the sample
13 extracted with hexane at in reguiar
peshicide analysis 1t s then partinoned
with scetoniirile 0 remove fals. the
cleancd-up extract 13 passed through »
Fluorisil column and then through a
sihere acid column  Finally, the sample
w analyzed by gas chromatography,
wtth 8 chioride specific detector Tn this
way the pesticudes are retaned on the
silicic acid column for later ¢lulion and
wdenuficanon

Research needs

To assess {ully the migmficance of
rcd s a5 environmental pollutants ad-
ditional rescarch 15 needed No one
rcally knows the extent of the chronw
cifects of these chlonnated hydrocar-
hons Some probiems that need io be
considcred are

*  Although rcr's are known 10 &-
cumuiate tn human organs we do not
know st what concentration they will
begin to exhitut toxic cffects Will these
chronic cfects be similar 1o those
shown i ammals—microsomal en-
ryme aciivhy, calcium mefabolism -
hibition, and so on? What are other
possible chromic effects?

* Which of Ihe many ecB com-
pounds wn the commerciully available
mixtures are responsible for thair tox-
wity? Can commerciai PC8 mixiures be
modified to ehminate the toxic com-
ponents? Pure samples are required o
answer these questions Al the present
time work is continuing at the Fwoa's
Southeast Water Luboratory 1o sep-
arate each of the Aroclor mixtures inlo
its many componcnts, and to identify
each component

* We need to know all the uses for
the rch’s What 18 the annual produc.
tion of pca 3? Our knowledge of thesc
facts 13 limited and needs 1o be ex-
panded These facts should be known
if we are to sccurstely determine how
they get into the enviroament, and take
steps 10 prevent furthcr environmental
contamination by them

* In view of the complexity of 1he
iolation and accurate quantitafive
analyse of rco’s in chiorinated res:
ducs, 8 siraightforward, unambiguous
measyrement of them necds 1o be de.

veloped

* What 1s the fate of pca’s in nat-
urai waters? More needs to be known
of ther partiion coefficients beiween
botiom sedimenis and water This n
vital if we are to estimate how long it
will take for a river bed 1o clean iself
of contamination [t wali also be useful
when assessing the effecis of Pcrs on
marine ife that feed on the botioms of
lakes, rivers, and estuanes We should
atso earn more about ree solubihity 10
water of vanious 1onic strengths

*  Afe present waste lreastment ays-
tems adequute 10 handle rca’s? Do spe-
cial measurcs nced o be laken when
rcBR’s are part of the waste ¢Mfucnt be-
ing freated”

By trying 1o get some of these an-
swors how, we may find that we sre in
s pouwlion 1o conifol the cicape of
KR s info the environment belore sd-
diional damage 1s done So frequently,
uchion s taken only after it 13 evident
that mascive damage has resulied from
a partucular pollutant In the case of
the (M s we may have an opportunity
1o resolve the situation before that
happens
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