" in the environment until 1966 in Swe--

feature

RCHs=prevaiens:
and persistent

Intensified research is needed fo minimize their dangers

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

Dnring the past three years, a

special class of compounds, called
polychlorinated biphenyls (Pca’s), has
claimod the attention of ecologists and
pesticide analysts in this ocountry.
Thess compounds werc not discovered

den and 1967 in the U.S., despite the
fact that they have beon available com-
mercially for 40 years. Interost in PCB's
has arisen because they are frequently
found in fish, bird, water, sediment,
and other environmental samplos when
such tamples are examir.cd for chlori-
nated pesticide rosiduc:. That a wide
varisty of samplos conti.ining PCR’s has
been collocted from England, Scandi-
navis, The Notherlands, Antarctica,
Contral America, and many different
parts of the U.S. makes them truly
ubiquitous pollutants.
Polychlorobiphenyls arc made by
substituting chiorine atoms for one or
mors of the hydrogen atoms at the

The Monsanto Co. stated recantly in &
leiter to Congressinan Willlam F.
Ryan of New York that as of August
30, it would no longer sell vca's to
customers [or use in gcneral plostlcizar
operations where dispusi| of the end-
products cann.ot be cons-clled. After
some lag period—ihe 1:1me it 1ukes to
eventually dispose of tiic rruducts
mude from rCv's and cu-reany in
processor's inventories— 1 ¢ quuntity
o] PCn's petting into the environ.nent
may he substantially redcid. I
Monsunto’s former cusiomers lc.ok for
PCB substitures, rather “han pun nasing
PCR's from ranufaciii s in Ja an
und Europe, the projec teil Jeeviuse
could decom, a reality

Curl G, Guvtufwon

814  Lavireamer.tul Ncirne & Tochnolagy

numbered positions of the bipheny!

3 2 6 5

In the process of repiaging hydrogen
atoms. with chlorinc stoms, a Ilarge
number of substitution combinations
arise. For cxample, thres monochloro-
biphcayl isomers are possible, 12 di-
chlorobiphenyl isomers: .21 trichioro-
bipbeny! isomers, and s0 on. Theoreti-
cally, 210 compounds can be prepared
by thie substitution process; a typical
example would be 2,4,6,2'4’-penta-
chlorobiphenyl.

Whenever aromatic  hydrocarbons
such ss biphenyls are chlorinated, the
preduct is & mixture of eompounds, in-
cluding isomers. It is quite difficult
to synthesize single. specific chioro-
biphenyl compounds in the laboratory
uniess involved proesdores are em-

Consaquently fWw of the indi-
compounds havp been prepared
in the purc form for stuady.

In the commercial process for rcm

gufacture, Liphenyl &8 chiorinuted
wih anhydrous chlories. in twl! cy-
lLingrical towe:s with cither iron filings
or forric chivori.c as the caulyst The
by-product is hydrogen chioride. the
product is a mixture of wcveral pon's.
The degree of chlorination s dutor-
mined by measuring the specific gravity
of the mixturc or, when tht product
Is more visoous, tho ball-end-ring soft-
ening-point test is usod. The wi.ole pro-
coss takos from 12 10 36 hour.

In the U.S,, the sole manufacturer
of rcp’s is tho Monsanto Co., which
markots them undor the }'mh. name

PO

Aroclor. rCa’s are also manufsctured
in Burope and Japan, under trade
names such ss Phenochior and Clo-
phen. The various Aroclors are dif-
Torentiated by a four-digit number,
with the last two digits indicating the
percentage of chiorine in the mixture,

Preperties

The thres most important physical
propertios of the rca»'s are low vapor
pressures (they have high boiling
,-oints), low water solubllity, and high
dieloctric constant They are mis-
cible with most organic solvents and
compatibl: with maay types of gmly-
mers. Although some individual ;
chiorobiphenyl compounds aep’ ¢rys-’
talline, the Aroclor mixtures are either
iquids or resing,.

The ¢ gropecties that make
rCP's desirale .indusirial materials are
their exccllent thirms) stat.lity, their
strong resistance to bath .cidic and
basic hydrolysis, and :heir general in-
eriness. They arc quite resistant to
oxidation. Monsanio reports, in a tech-
nical bulletin on rca’s, that they can
bs heated to 140° C. under 260 p.s.i. of
oxygen pressure “without showing sny
evidence of oxidation as judged by de-
velopment of av...'y or for.ton of
sludge.”

The physiologi al propertive of the
#CB’s make then: votentially mevificant
contaminant:. i L chvirort .. ot For
any poliutant, 1w £iCl0mm are involved:
acute toxicity, whici. 8 imaw aely
evident because of o high deail o0 of
other muiming clicet. und chov. 2 twov-
icity, which i the ~aJ't of a4 !¢ ac-
cumulation of the wison in the oody
and is a subleth,  aioct, Wheeeve-
acuto toxicity is . i, a pollutant wi
be readily rocogni. od and epron-lae
remodiad actions wiid he {agreduved. 1L,
on the othat hand. it tomiciy is Low,

DSW 032914

ST‘LCOPCB401 6876



the physiological effects will go un-
notived until the chronic cffects make
themseives evident, When this happens,
the problem may have advanced be-
yond immediate or casy correction.

Acute toxlicity

All studics of Pch’s in animals indi-
cate that acute toxicity is not a signifi-
cant factor. Thoir acuto toxicitics are
on the order of those of other chiori-
nated aromatic compounds. Monsanto
has sponsorcd two invcstigations of
the acute toxicities of Aroclor mix-
turcs. In the first, at the Kettering
Laboratory at the University of Cin-
cinnati, Dr. J, F. Treon and his co-
workers investigated the toxicity of
Aroclor vapors for guinea pigs, mice,
rabbits, and rats. All animals survived
a 24-day cxposure to 0.83 p.p.m. of
Aroclor 1242 for 7 hours per day on
17 of those days. Even after more pro-
longed teits, there were no severe cf-
fects from Aroclor 1242, In the sccond
investigation, still in process, three
groups of beagles arc fed Aroclor 1242,
1254, and 1260, respectively, at a rate
of 100 p.p.m. in their diets. After three
months no significant abnormalities
have been noted.

Similar studics on fish have been per-
formed in several laboratories. Dr,
Richard Schoettger of the Sport Pish-
erics and Wildlife Fish-Pesticide Re-
search Laboratory in Columbia, Mo.,
reports that 96 hour-TL,, toxicities of
the Aroclors to trout range from 1.17
to 60 p.p.m. Compared to pbT, whose
$6 hour-TL,, toxicity is 0.002 to 0.009
p.p.m. for trout, the PCB's have a rela-
tively low acute toxicity. With the more
sensitive blucgill, the 96 hour-TL,, for
Arocior 1248 is 0.278 p.p.m., while
that of noT is 0.008 p.p.m. Aroclor tox-
icities appear to be inversely propor-
tional to the chiorine content of the
mixture.

Shellfish, oysters, und shrimp are
more  scnsitive 0 pCb's. Dr. Tom
Duke, at the Burcau of Commercial
Fisherics Pesticide Field Station, re-
porty 1007 mortality of juvenile pink
shrimp ¢xposed to 0.10 p.p.m. of Aro-
clor 1284 in waler for 48 hours. This
woncentration of Aroclor 1254 will
Cause a 100% decrease in shell growth
i oysters after 96 hours. To achicve
the sam effects with BOT in these ex-
periments, only 0.0006 p.p.m. and 0.0)
p.p.m., raapuctively, were required.

There is very littlo evidence that
rCW's are toxic to inaccls. Stikbios 10
daic show that they are less toxic than

dicldrin or bDT. As with fish, their tox-
icity appcans to bc inverscly propor-
tional to the chlorine content of the
mixture.

Based on the above data, it is un-
derstandable why the polychlorobi.
phenyls, commercially available for
40 ycars, have only recently attracted
attention as toxic environmental con-
taminants.

Chronle toxielty

The chronic toxicities of rca’s pre-
scnt a thore disturbing situation; several
chronic effects have been observed. It
was discovered, quitc by accident, that
rce's have a toxic effect on chickens.
Professor E. L. McCune and his co-
workers at the University of Missouri
found their chickens dying after they
were placed in a foeding house, parts
of which had been freshly painted with
an cpoxy paint. Careful investigation
rcvealed that the toxic factor was Aro-
clor 1242, a binder in the paint. When
Aroclor 1242 was fed to the chicks it
produced the same characteristic effects
as chick edema factor. McCune re-
ported: “Gross pathology included hy-
dropericardium, hydroperitonium, en-
larged heart, liver, and kidneys, and
hemorrhage of internal organs. Mi-

croscopically the kidneys showed
marked tubular dilution and aumecrous
casts.”

Another chronic effect of rca’s is
related in wildfowl. The accumulation
of high concentrations of chilorinated
hydrocarbons in birds rosulted in dis-
ruption of normal breeding behavior
and in the formation of thin-shciled
cggs. A dramatic example of this effect
has been observed in the case of the
brown pclican. On the Anacapa Islands
off the California coast, no young were
hatched last year from 300 pairs of
nesting birds. The shells of most eggs
laid were 30 thin that a dent occurred
when the egg was picked up.

Therc are two possible causes for
the laying of thin-shelled eggs by wild-
fowl. One is a low calcium reserve 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 in the avian
biosystcm and the calcium reserve in
the secondary bone structure or medul-
lary bone, found only in female birds
when they are breeding, are controlled
by the hormone estrogen. A high es-
trogen level is associated with the for-
mation of this calcium reserve. Chlo-
rinated hydrocarbons, such as DoT,

—
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chiordane, dicldrin, amd pew's, activate

enzymes in the hiver which transform
oxtrogen inte a4 more waler-soluble
compound that is readily climinated
from the bird's body. This means that
when estrogen levelr are low, caicium
resenves will also be low, and there.
fore veey little caleiam will he availe
able for strong cg:whell production.
Dicldrin and rcr's are moro effective
than DOT in this type of cnzymo-induc-
tion activity. Arocior 1262 has an es-
tradiol degrading potential four to five
times that of p,p/-DOE or technical
grade DOT.

The ability of the fomale bird to
deliver ealcium to her oviduct during
the last 20 hours, when the eggshell is
beihg formed, is related to the func-
tioning of thc enzyme carbonic an-
hydrase. When birds that have ex-
hibitcd the ability to lay normal eggs
are injected with a metabolite of poT
(pDE) just prior to the formation of
the cggshell, they will lay thin-shelied
eggs. This indicates that poT also in-
hibits the activity of carbonic anhy-
drasc, the cnzymc that controls the
flow of calcium from :hc blood stream
of the bird into its ovivuct.

Since dicldrin secoms to have no
effect on carbonic anhydrase, we may
assume that neither do the rca’s. How-
ever, these compounds delay breeding
time significantly. Many ornithologists
feel that late breeding has a stronger
influence on the reduction of bird
populations than does the laying of
thin-shelled eggs. If this is true, PC3's
are a more potent threat than DOT to
our declining bird populations, es-
pecially for predatory birds that ac-
cumulate fairly high levels of eca’s be-
cause they eat smaller animals that al-
ready have concentrated FCB's in their
own tissucs.

Other investigators have produced
evidence to show that rca’s are simi-
lar to 0OT in thelr activity. Dr. Joseph
Street at Utah State University has
shown that when Pca’s accumulate in
the liver, they induce microsomal en-
zyme activity by bringing about more
rapid metabolism of drugs, insecticides,
and other foreign compounds. He fod
rats a dict containing Su p.p.m. of
Arocior 1254 or Aroclor 1260. After
10 days on this dict, the tcst animals
were administcrod hexobarbitol at a
dosc of 100 p.p.m. to induco slcop.
In comparison with a control group,
the slocping timu for theso rats was
reducod by 65 to 80%. Stroot also
found that Aroclor, whon fod at the

same level, will reduce dieldrin stor-
age in adipose tissue by 90 to 95% ; in-
crease aniline oxidation by 200 to
3009%; and increass EPN detoxication
by 430 to 470%. In addition, the PCa’s
cause activation of organothiophos-
phate compounds, which adversely af-
fect the system. This latter cffect coun-
terbulances the detoxification of dicl.
drin.

Normally, when a subsirate activates
an cnzyms, it is converted 1o a water-
soluble form that will be climinated
from the systcm; however, this is not

" the caso with rca’s. Because they re-

main in the system for prolonged pe-
riods of time, thoir cnzymo induction
activity is always present. In this way
tho normal concontration of important
body chemicals may be lowered to the

point of bringing about malfunctions
in the sysicm. For example, Strest be-
lieves that the rcB's bring about steroid
degradation, which can lead to altered
endocrine relationships.

The chronic toxicity 10 man is as
follows:

Like tho chlorinated naphthalencs,
the chiorinated diphenyls have
two distinct actions on the body,
namcly, a skin effect and a wxie
action on the liver. The lesion
produced in the liver it an acute
ycllow atrophy. This hepato-toxic
action of the chlorinaicd Ji-
phenyls appears to be increased
if there 18 exposure to carbon
tetrachloride at the sume time.
The higher the chlorine content of
the diphenyl compound, the more
toxic it is liable 10 be. Oxides of
chlorinatod diphenyls are more

032916
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toxic thun the unoxidized ma-

teriais,
The shin lesion is known ax
chiviaene, and consists of small

pimples and dark pigmentation of
the exposed arcas, initially. Later,
comadones and pusiules develop.
In persons who have suffered
l)tl.,mk intoxication, the usual
llﬂﬂb and symptoms arc nauncn,
vomiting, loss of weight, jaundice,
cdema, and  abdominal i

\Where the liver damage has gcn
severe, the patient may pass into
coma and die.

Sax, N. Irving, “Dangerous Prop-
crties of Industrial Marerlals,” 3rd
cd.. Van Nostrand-Reinhold, New
York, 1968.

The ubiquity of pcs’s is related to
the wide spectrum of applications that
have been found for them. The largest
single usc of rCB'» is related to their
electrical properties—as coolant-insu-
Iation fluids in transformers. For this
purpose the Aroclors are also sold
under such trade names as Chiorextol
{Allis-Chalmers Mfg. Co.). Dykanol
(Fedcral Pacific Electric Co.), Iner-
teen {Wostinghouse Electric Co.), No-
flamol (Wagner Electric Co.), Pyranol
{General Electric Co.), and Thermi-
ol (Monsanto Co.).

Other uses of 1ren’s include formula-
tion into ballasts for fuorescent fix-
tres; impregnaion of cotton and as-
bestos for braided insulation of elec-
trical wiring: a plasticizer in wire and
cable coatings; capacitors and askarel-
type transformers; and plastic:izers of
vinyl ch'oride polymer films. Because
of their thermal stability and fire re-
sistance, the rca's also find application
in high-pressurc hydraulic fluids, spe-
cialized lubricants and gasket sealers,
beat transfer agents, and machine tool
cutting oils. Miscellaneous uses in-
clude: formulation into some epoxy
paints; protective coatings for wood,
metal, and concrete; adhesives: and in
carbonless reproducing paper. One of
the primary manufacturers of carbon-
less reproducing paper also sells Aro-
clors in an cncapsulated form.

Generally the kinds of applications
doscribed above muan that the pca’s
will be in many types of products that
eventuaily find their way to the domes.
tic murket. When used in manufacture
of ballusts for fluorcscent fixturcs thoy
will be found in kitchens, bathrooms,
stores, und offices throughout the ooun-
try. Wherever office forms are used
that do not use carbon paper, one may
find rca’s formulated into tho micro-
eapsules of dye that comprise the re-
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Gas chromatogram A is of a staudard pesticide mixture, B is typical of Aroclor 1254,
and A + B is the chromatogram of a 50 : 50 mixture of both. The concentration of
Aroclor 1254 is approximately 10 times those of the pesticides in A, hence it is un-
derstandable why PCB's were not readlly recognized in pesticide chromatograms.
Gas chromatograph (Packard 7620) conditions: gas fiow BO ml./min. nitrogen; tem-
peratures—oven, 210° C,, inlet, 230° C., datector, 218° C.; Ni® electron capture
detector; 8° X W glass column packed with 8% SE-30 on Chromosorb Q BO-90

mesh.

producing layer of the business form.
rca's have also been found on the
transparent receipts used in eredit card
charge forms. As plasticizers they can
be oxpoctod to appear in many con-
sumeor plastics.

Since the chronic toxicitics are so
significant, it becomes imporiant to
know just how extensively the rChs
are distributod in tho ocosystem, and
just how thev find their wnv inta

thc environment. Rainwiuier in En-
gland, brown scals ol the coast of
Scotland, white-tailed cagics in Swe-
den, cod in the Baltic Sca, musscls in
The Ncetherlands, adelic penguin eggs
in thc Antarctica, brown pelican cgps
in Panama, Arctic terns, shrimp in
Florida, river water in Japan, waters
in the Great Lakes, human hair, and
human adipose uuue—umplc; of nll

thasa hawe hova Fainad sa cvmanin wmaa?
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um.n wmahing them a class of widely
dispersed pallutants,
Readily absorbed .

The propertics of rer's that make
them  industrinlly  wseful  are  the
same propertios that cause them to
persint in the cnvironment. These in-
clude thermal stability, resistanco to
oxidation amd hydrolyvais, solubility in
u wile range of organiv solvenis, water
imsolubility. high dicloctric constant,
and compatibility wit/y many types of
macromolccules. Their resistance to
oxidation and hydrolysis also makes
rce's more stable and persistent than
pot. Consequently, they coukl cven-
tually accumulate to a higher concon-
tration than potT, espocially if the use
of poT is sharply curtiiled in the U.S.

The solubility of rca’s in nonpolar
solvents oxplains why they are readily
absorbod into fatty tissue and into the
liver. Their rusistance to oxidation or
other types of chemical degradation
explains their persistience in the en-
vironment and accumulation in animal
tissuc. The latter effcct is enhanced
both by their insolubility in water and
solubility in organic solvents. Their
chemical incrtness and resistance to
mctabolism account for their low
acuto toxicity., But as they slowly
build up in a living system their con-
centration approaches toxicity levels,
at which point chronic effects make
themselves evident.

It has boen establishod that fish-eat-
ing birds will accumulate large concen-
uations of PCB’s, as in the case of the
white-tailed eagle, which has been
found to have as much as 14,000 p.p.m.
of rce’s. Peregrine fulcons, taken off
the coast of California, were found to
have as much as 2000 p.p.m. in their
lipid tissue. When shrimp were exposed
to 10 p.p.b. of Aroclor 1254 for 48
hours, they accumulatod 1300 p.p.b. of
rca's, which represents a 130-fold con-
contration in a very short time. Oystors,
cxposed 10 an identical concentration
of Aroclor 1254 for 96 hours and then
placod in pce-frec wator for four days,
still had a conceatration of 33,000
p.p.b. of »ce's, which constitutes a
3300-fold concontration. This moans
that ovan though the concontrations of
rca’s aro in tho parts-por-billion rango
in the cnvironment, thoir high lipid
solubility causes thom to collcct in fatty
tissuos of lower animals and marine
Jife. Thercfore, spocics at the 10p of a
food chuin will also .iccumulato ren's
in their bodiex, paricutarly in thoir
bipid tismue and liver, 1 much the sume

way as they accumulate DoT and other
chlorinated pesticides.

Bocauss of the low solubllity of rca's
in water, when a solution or dispersion
of them Is discharged into a river or
lake, they will accumulate on the sedi-
ment in relatively high concentrations.
Subsequently, they will redissolve very
slowly in the water as conditions
change. Therefore, it will usually take
a long time to flush out a contaminated
area.

Aocidental ecourrence

The reason that rCa's have not been
found in the ecosystem as extensivcly
as DDT, and arc not present in environ-
mental samples at as high a concen-
tration as DOT, is that rCe's find their
way into thc environment actidcatally.
poT is deliberatoly spread bocause this
is the only way its insecticidal proper-
ties can be utilized. rca’s are not in-
tended to got into the environment, but
thoy do bocausc their unique chomical
proportios provent them from bueing do-
stroyod by our usual waste disposal
mothods, Thus, thoy inadvertently es-
cape and bocome widely dispersed.

In Swuden, whero the wse of ot
hus boen banned, and where the auin
powor source s hydroclectric, investi-

i,

gators find taat the concentration of
»CB’s in the unvironment is as high as
that of poT.

There are several ways by which
rce’s get into the ecosystem. One of
these is by incineration. Products con-
taining PCa’s, such as carboniess re-
producing paper in business forms,
plastics (especially polymer film and
shesting that contain Pca’s as plasti-
cizers), spent ballasts from fluorescent
light fixtures, and objects coated with
rea-formulated coatings, all find their
way to the city dump or incinerator
for burning. The »ca's do not burn but
arc vaporized. They are then carried
into the atmosphere, where they collect
on particulatc matter and are subse-
quently returned to the surface of the
oarth, into the rivers, lakes, and oceans.
In thizs way they bocomo widcly dis~
tributed throughout the global environ-
ment. Another source is probabiv land
run-ofl from industzial wastes and
dumps. A third source is the point of
manufacturc and the plants where
PCA's are processed into other products.
They can escape through the plant vea-
tilation and cxhaust systems into the
atmexphere amd through its waste treat
ment system into sowens or directly into
walcrways,
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“ )¢ is inferesting to note that the inci-
¥ dence of ren's in environmental same
ples ix highest in industrialized and ur-
bavized arcas. Birds whose prima:y
habitat is the San Francisco Bay arca
have a larger concontration of rcCxi's
per unit of body weight than those lo-
cated in Baja, Calif.,, which is com-
plutely rural. Aquatic life in the Archi-
pelago of Stockholm, the most indus-
trialized arca of Sweden, wero found
to have a higher concentration of rcu's
than fish sampies taken from the wost.
em coast of Swoden, a less developed
arca. Sediment samples taken from
southern portions of Lake Michigan
have a higher concentration of pco's
than those from other parts of the lake.

Monsanto states that until a recent
change in marketing policy (sce insct,
page 814), sales of Aroclors were in-
eroasing at the rate of 8% por yosr,
While this increase docs not seem sig-
nificant, it may be important if the in-
creased consumption was in consumcr
products and thus would find their way
into our pormal solid waste dispos.l
systems. Such an occurrence would
mean a definite increase of PCH residucs
in the cnvironment, and therefore a
marked increase in their chronic tox-
icity cflects.

Detection

PCR's were aot discovered ia environ-
mental samples until very recently for
severul reasons.  First, an  indicated
above, they have not been deliberately
distributed ubout the ccosyatem. Scec-
ondly, hecanse of their relatively Jow
acule toxicities, their presencs was not
immediately cvident. Finully, they are
difficult to Jeteet analytically.

The rew's were finst deteeied as in-
terfering peaks in the gas chromato-
graphic analysis (oc) of environmental
ssmples being analyzed for chlorinated
pesticide residues. When pca's are pros-
ent in a samplc they give a pattern of
scveral GC peaks, whose retention times
arc similar to those of dicldrin, poT,
oox, aldrin, and heptachlor oxide. Bo.
cswme the peaks wore not large or
sharp, investigators tended to ignore
them untll S. Jensen, in Swoden, and
R. Riscbrough, at the University of
California at Berkelsy, identified them
a corresponding to common constitu-
ents of environmental samples being
analyzed for persistent posticides.

The problem of the interf:ronces of
rCd’s with the analysis of oth.r
saled posticides hus been lurgely gvor-
come by prior treatmont of the gam-
ple. Soveral invostigators have used

column chromatography to soparate
ren’s from chlorinated pesticides, At a
recent  mccting, sponsored by  ihe
rwQa's Nutional Water Quality Lub-
oratory, Duluth, Minn., a general pro-
cedurc was rocommended for scpara-
tion of pcn's from pesticides. In this
procedure for biosamples, the sample
is extractod with hoxanc as in regulur
pesticido analysis. It is then partitioned
with acetonitrile to remove fats, the
cleaned-up extract is passed through a
Fluorisil column and then through a
silicic acid column. Finaily, the sampie
is analyzed by gas chromatography,
with a chloridc-specific detector. In this
way the pesticides ars retained on the
silicic acid column for later elution and
identification.

Ressarch neecls

To wssess fully the significance of
pca’s a3 environmental poliutants, ad-
ditional research is needed. No one
really knows the extent of the chronic
effocts of these chlorinated hydrocar-
bons. Some problems that need to be
considered are:

* Although PCs’s are known to ac-
cumulate in human organs we do not
know at what concentration they will
begin to exhibit toxic cffects, Will these
chronic ¢ffecis be similar to  those
shown in aninmals—microsomal ¢n-
zymwe activity, calcium metabolism in-
hibition, and so on? What arc other
possible chronic cflects?

*  Which of the many et com-
pounds in the commercially availuble
mixturcy are responsible for their tox-
icity? Can commercial PCR mixtures be
modified to climinate the toxic com-
poncnts? Purc sumples arc requined to
answer those questions. At the present
time work is continuing at the FwQA's
Southeast Water Laboratory to sep-
arate each of the Aroclor mixtures into
its many components, and to identify
cach component.

*  We noed 1o know all the uscs for
the ren's. What is the annual produc-
tion of rca's? Our knowlcdgo of these
facts is limited and nooda 10 bo ox-
pandoed. These facts should be known
if we are to accurately dotermine how
they get into the environment, and take
steps to prevent furthcr enviroamental
contamination by them.

* In view of the complexity of the
isolation and accurnte quantitative
analysis of rca’s in chlorinatod nusi-
duos, a gtraightforward, unambiguous

t of tham
W noeds to be de-

*  What is the fatc of PCR’s in nat-
ural waters? Morc nceds to be known
of their partition cocflicicnts bhetween
bottom sediments and water, This is
vitul il we arc to cstimate bow fong it
will tuke for a river bod to cleun itself
of contamination. Tt will also be useful
whoen usscssing the effects of rca's on
marine life that feed on the bottoms of
lnkes, rivers, and cstuaries. We should
also learn more about rca solubility in
water of various jonic strengths.

* Are present waste treatment sys-
tems adoquate to handle »ca’s? Do spe-
cial measures noed to0 be taken when
PC¥'s are part of the waste effluent be-
ing treated?

By trying to get some of these an-
swers now, we may find that we are in
a position to control the escape of
rcB’s inlo the environment before ad-
ditional damage is done. So frequeatly,
action is taken only after it is evident
that massive damage has retuited from
a particular pollutant. In the case of
the pCB’s we may have an opportunity
to resolve the situation before that
happens.
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ber of the Natlonal Water Contumi-
nunts Charocterizution Research Pro-
gram, he worked witl vcw's and pulp
and paper mill efflucnts.

—

032919

OSW

STLCOPCB4016881



