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Dear Sir,

As you have pr
tary program to ‘1m1t sales of pr

chlorinzated biphe“yls to uses as a dielectric in meo
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of transfor
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our cusvomers.

Mcnsanto's concern’

may bevaccumnlating
haeve been found in

food or in the fcecd chain. As a rurchaser of ?C,-cCﬁ1aLﬂ~rg'
products, we feel certain you are aware of the inverest end

concern teing demonstratcd zrcund the
abcut thig protlem, evertheless, ve
attention the attached article on PC3
of the United States raderal Vatzr Qua

appearing in "Dn"lro

's by Carl G,

nuental Science and

world bty sclertists
coll to your specic
Guetarie
lity Admipistrztion
Pechnclcgy”.
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Vie helieve lf "ou are fully advised of the potential prcovlers .
associated w *h the continued use of PCh-ccht ‘aining rrcducts
(in these gp“l*ﬂa**c:s) ou zan, by the exercise of care and
app"ﬁ“"ﬂﬂtc cauticnory moarnines te your co**o"o“", 2nd the
exercise of care on their pzrt, zssure that PC3's purchzsed LY
you do rot ezcupe into the enviro:;ent.
Morganto would 1ilks to countinue to sell ycu its FCB-containinz
producis for- uce &5 a éielectric fluid on its morzal salss
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Conditions, but must make such sales subject to the urder-
takings rccuested below. You will appreciate that 7e must
aleo reserve the rigit to change our sales policy as
additional facts mey beccme knovn about PCB's.

The undertakingswith which we would request-you to agree

are as follows:

1. You agree to use lMonsanto's PCB-ceontaining product
as dielectric fluids in capacitors and transformor

3 cnliy
S.

2. You acikrowledge that you have been advised by us of and
that you are avare of the potential harm to the environ-
ment and to food and the food chain by the escaps of

PCB's into the environment.

3., You agree to take all care in handling use and disposal
of PC3's to ensure they do not enter the environment and
to so advise your customers.

4, You acknowledge receipt of the attached handling pre- <
cautions for Lionsanto's PCB-containing products. -

5. You agrece to notify your customers of the hazards of

FCB's,

If you eagree to the abeve, would you kindly sign and rcturn
to us the enclescd duplicate of this lecter where indiczted.

To ¢nable us to give you satiuf

sctory servicing on your

future orders, your prompt renmly would be appreciated.

.

Yours faithfully,
MONSANTO AUSTRALLA LIMITED.

. \.;, / /I /
pEQ L fe el
R.F, Garasvorthyy

Produst YVevnagorf W Ghenisals,

Encs.

Ve agrce to t7i>forcgoing
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© feature

PCE's=prevalent

- and persistent

-

Intensified research is needed to minimize their dangers

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

During the past three years, a

spectal class of compounds, called
polveinlorinated biphenyls (pcy’s), has
claimed the attention of ecologists and
pesticide analysts in this country,
These compounds were not discovered
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 vears. [nterest in pca’s
has arisen because they are frequently
found in fish, bird, water, sediment,
and other environmental samples when
such samples are examined for chlori-
nated pestic:de residues. That a wide
variety of samples containing pca’s has
c2a col'ected from England, Scandi-
navia. The Netherlands, Antarctica,
Central America, and many diferent
parts of the U.S, makes them truly
ubiquitous pollutants.
Polychlorobiphenyls are made by
substituting chlorine atoms for one or
more of the hydrogen atoms at the

Tie Monsanto Co. stated recently in a
letter 1o Concressman William F.
Rvyan of New York that as of August
J0. it would no longer sell pC8's to
customers for use in general plasticzer
opcrations where disposal of the end-
products cannot be controlled. After
some lag period==the time it takes to
evenrually dispose of the products
made from pCB's and currently in
processor's inventories—the quantity
or PCB’s gerting into the environment
may be substantially reduced. I}
Mansanso s ‘ormer customers look for
PCB substitutes, ather than purchasing
PCB's trom manufacturers in Japan
ard Europe. the projected decreate
cou/d become a reality,

Carl G. Gustafson

818 Environmer.tal Science & Techaolegy

numbered positions -of the biphenyl
structure,

s’_6 23
4 4
c 2 & 5

In the process of replacing hydrogen
atoms with chlorine atoms, a large
rumber of substitution combinations
arise, For example. three monochioro.
bipheny!l isomers are possible, 12 di-
chlorobiphenyl isomers, 21 trichloro-
biphenyl isomers, and 9 un. Theorati-
cally, 210 compounds can be prepared
by this substitution process: a typical
example would be 2,4,6.2°4-penta-
chlorobiphenyl.

Whenever aromatic hydrocarbons
such as biphenyls are chlorinated, the
product is a mixture of compounds. in-
cluding isomers. It is quite dificult
to synthesize single. speciic chloro-
biphenyl compounds in the laboratory
unless involved procedures are em-
ployed. Consequently few of the indi-
vidual compounds have been prepared
in the pure form for study.

In the commercial process for pca
manufacture. biphenyl is chlorinated
with anhydrous chlorine in tall cy-
lindncal towers with either iron filings
or ferric chloride as the catalyst. The
by-product s hvdrogen chloride; the
product 1s a mixture of several pca’s.
The degree of chlonnation is deter-
mined by measuring the specific gravity
of the mixture or, when the product
is more viscous, the ball-and-ring soft-
ening-pownt test 1s used. The whole pro-
cess takes from |2 to 36 hours.

In the U S, the sole munufacturer
of pcu's is the Monsanto Co.. which
markets them uader the trade name

Aroclor. pcB’s are also manufactured
in Europe and Japan, under trade
names such as Phenochlor and Clo-
phen. The various Aroclors are dif-
ferentiated by a fourdigit number,
with the last two digits indicating the
perceatage of chiorine in the mixturs.

Propertics

The three most important physicabe
properties of the pca's are low vapoe
pressures (they have high boiling
poiats), low water solubility, and high
dielectric constants, They are mis-
cible with most organic solvents and
compatible with many types of poly-
ners. Although some individual poly-
chlorobiphenyl compounds are crys-
‘alline, the Aroclor mixtures are either
ltquids or resins,

The chemical properties that make
pca’s desirable industrial materials are
thetr exceileat thermal stabihity, their
strong resistance to both acidic and
basic hydrolysis, and their gzneral ia-
eriness. They are quite resistant to
oxidation. Monsanto reports, ia a tech-
aical bulleun on pca’s, that they can
Os heated to 1407 C. under 250 p.s.i. of
oxvgen pressure “without showing any
evidence of oxidatidn as judged by de-
velopment of acidity or formation of
sludge." :

The physiological properties of the
PCB’s make them potentally significant
contaminants of the environment. For
anv pollutant, two factors are involved:
acute toxicty. which 18 immediately
evident because of a high death rate or
other marmung erfect: and chronie tox.
jcity. which 1s the result of a slow ac-
cumulation of the poisan in the body
and s a sublethal edect. Whenever
acute toxtcity s hugh, a pottutant will
be readily recognized and appropnate
remedial actions wiil be introduced. 1,
on the other hand, acute toxicity 13 low,
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the physiological effects witl go un-
aoticed untl the chroare effects make
(hemselves evideat. When this happens,
the problem may bhave adv:n;cd be-
yond immediate or easy correction,

Acute texlelty

All studies of pca's iR animals indi.
cate that acute toxicity is not a signifi.
cant factor. Their acute toxicities are
on the order of those of other chlori-
nated aromatic compounds. Monsanto
has sponsored two iavestigations of
the acute toxicities of Aroclor mix.
tures. [n the first, at the Kettering
Laboratory at the University of Cin-
cinnati, Dr. J. F. Treon and his co-
workers investigated the toxicty of
Aroclor vapors for guinez pigs. mice,
rabbits, and raws. All animals survived
3 24-day exposure to 0.83 p.p.m. of
Aroclor 1242 for 7 hours per day on
17 of those days. Even after mare pro-
longed tests, there were no severe ef-
fects from Aroclor 1242, [n the second
investigation, still in process, three
groups of beagles are fed Aroclor 1242,
1254, and 1260, respectively, at a rate
of 100 p.p.m. in their diets. After three
months no significant abaormalities
have been noted.

Simurlar studies on fish have been per.
formed in several laboratories. Dr.
Richard Schoettger of the Sport Fish-
eries and Wildlife Fish-Pesticide Re-
search Laboratory in Columbia. Mo.,
reports that 96 hour-TL,, toxicities of
the Aroclors to trout range from .17
to 60 p.p.m. Compared to ooT, whose
96 hour-TL., toxicity is 0.002 to 0.009
p.p.m. for trout, the Pcs’s have a rela.
tively low acute togicity. With the more
sensitive bluegill, the 96 hour.Tvy, for
Aroclor 1248 is 0.278 p.p.m., while
that of oot is 0.008 p.p.m. Aroclor tox-
icities appear to be inversely propor.
tional to the chlorine content of the
mixture. : :

Shellfish, oysters, and shrimp are
more- sensitive to Pcs's. Dr. Tom
Duke, at the Bureau of Commercial
Fisheries Pesticide Field Station, re.

poris [00% rmonality of juvenile pink .

shrimp exposed to 0.10 p.p.m. of Aro-
clor 1254 in water for 48 hours. This
concentration of Arocloe 1254 will
Cause 2 100% decrease in shell growth
of ovsters alter 96 hours. To achieve
the same effccts with oDT in thesa ex.
Periments, only 0.0006 p p.m. and 0.01
P p.m,, respecuvely, were required.
There is very little evidence .that
PCe’s are toxic to insects, Studies to
1ate show that they are less tovic than

dieldrin or oor. ,\g with fish, their tox-
ICItY appears to be inversely propor-
tional to the chiarine content of the
mixture,

Based on the above data, it is un-
derstandable why the polvchlorobi-
phenyls, commercially avalable for
40 years, have only recently attracted
attention as toxic environmental con-
tamuigants,

Chronie toxieity

The chronic toxicities of »cs’s pre.
sent a more disturbing situation; several
chronic effects have been observed. It
was discovered, quite by accident, that
pca's have a toxic effect on chickens.
Professor E. L. McCune aand his co-
workers at the University of Missoun
found their chickens dying after they
were placed in a feeding bouse, parts
of which had been freshly painted with
an epoxy paint. Careful investigation
revealed that the toxic factor was Aro-
clor 1242, a binder in the paint. When
Aroclor 1242 was fed to the chicks 1t
produced the same charactenstic effects
as chick edema factor. McCune re-
ported: "Gross pathology inciuded hy-
dropericardium, hvdroperitonium, en-
larged heart, liver, and kidoeys, and
hemorrhage of nternal organs. Mi.

croscopically  he  \dneys snowed
mark:d tUbular duaon and aumerous
casts,

Another chronic effect of Pca's 13
related 1a wildfowl. The accumulation
of high concentrations of chlortnated
hydrocarbons in birds resulted in dise
ruption of aormal breeding behavior
and in the formation of thin-shelled
€g8s. A dramatic example of this e!Tect
has been observed in the case of tke
brown pelican. On the Anacapa [slands
off the California coast, no young were
hatched last year from 300 pairs of
nesung birds. The shells 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 eggs by wiid-
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
biosystem and the calcium reserve in
the secondary bone structure or medul-
lary bone, found only in female ¥rds
when they are breeding, are contralled
by the hormone estrogen. A high es-
trogen level is associated with the for.
mation of this calcium reserve.~Chlo-
rinated hydrocarbons, such as oor,

—

IDS 002707

Volume &, Number 10, Qctoher 10 11§

WATER_PCB-SD0000001872



B
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a the livee which trarnsform
estrogen into a. more ' wate}'-sfalublc
compound that rc:dn!y eliminated
from the hird's body. This means that
when estrocen levels are low, calcium
reserves will also be low, and there.
fore verv little calcium will be zvail
able for strong eggshell production,
Deeldrin and pca's are more effective
than oDT in this type of enzyme-induc.
tion activity. Acoclor 1262 has an es.
tradiol degrading potential four to fve
times that of p.p’-008 or techaical
grade poT.

The ability of the female bird to
deliver calcium to her oviduet during
the last 20 hours, when the eggshell is
being formed. is related to the func-
tioning of the enzyme carbonic ane
hydrase. \When birds that have ex-
hibited the ability to lay normal eggs
are injected with a metabolite of oor
(ooe) just prnior to the formation of
the eggshell, they will lay thin-shelled
eggs. This indicates that por also in-
hibits tha activity of carbonic anhy-
drase, the enzyvme that coatrols the
flow of calcium from the blood stream
of the bird nto its aviduct.

_ Since dieldrin seems to have no
effect on carbonic anhydrase, we may
assume that neither do the pca’s. How.
ever, thass conpounds delay breeding
time signmricantly. Manv 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, pca’s
are a more potent threat than por to

‘our declinirg bird populations, es-
pecially for predatory birds that ac-
cumulate fairly high levels of pca’s be.
cause thev ea: smaller animals that al.
ready have concentrated PCB's in their
own tissues.

Other iavestigators have produced
evidence to show that pcs's are simi-
lar to poT in their activity. Dr. Joseph
Street at Utah State University has
shown that when pcB's accumulate in
the liver. they induce microsomal en.
Tyme activity by bringing about more
rapid metabolism of drugs, insecticides,
and other foreign compounds. He fed
rais a diet containing SO p.p.m. of

enzymes |

Aroclor 1254 or Aroclor 1260. After:

10 days oa this diet, the test animals
were admunistered hexobarbitol at a
dase of 100 p.p.m. to induce slecp.
In companson with a coatrol group,
the sleeping time for these rats was
reduced by 63 to 0. Street also
found that Aroclor, whea fed at the

816 Environewraa! Scienco & Technelogy

same level, will reduce dieldrin stor-
age in adipose tissue by 90 10 95%: in-
crease amline oxidation by 200 to
300%; and increase EPN detoxication
by 430 to 470%. [n addition, the pca’s
cause activation of organothiophos-
phate compounds, which adversely af-
fect the system. This latter effect coun-
terbalances the detoxification of diel-
drin.

Normally, when'a substrate activates
an enzyme, it is converted to a water-
soluble form that will be climinated
from the system: however, this is not
the case with pca’s. Because they re-
main 1n the system for prolonged pe.
riods of time. théir enzyme induction
activity 13 always present. [n this way
the normal concentration of important
body chemicals may be lowered to the
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pownt of hringing ibout malfunctions
in the system. For example, Street be-
lieves that the pcB's bring about steroid
degradation, which can lead to altered

" endocrine relationships.

The chronic toxicity to man is as
follows:

Like the chlorinated naphthalenes,
the chiorinated diphenyls have
two distinct actions on the body,
namely, a skin etfect and a toxic
iaction on the liver. The lesion
produced 1o the liver 1s an acute
yellow atrophy This hepato-toxic
actioa of the chlonnpated die
phenyls appears to be increased
f there 1s exposure to carbon
tetrachlonde at the same ume.
The kigher the chlorine conteat of
the dipheny! compound, the more
toxic it is liable to be. Oxides of
chionnated diphenvis are more
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toxie than the unoxidized ma-
terials.

The skis lesion is known as
chloracne, and consists of small
pimples and dark pigmentation of
the exposed areas, initially, Later,
comedones and pustules develop,
In persons who have 3uffered
systemic intoxication., the usual
signs and symptoms aré nausea,
vomiting, loss of we:ght. jaundice,
edema, and abdominal pain.
Where the liver damage has beea
severe, the patient may pass into
coma and die.

Sax, N. [rving, "'Dangerous Prop-
erties of lndustrial Materials,” Jrd
ed., 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 use of pcz's is related to their
electrical properties—=as coolant-insu.
latior Auids in transformers. For this
purpose the Aroclors are also sold
under such trade names as Chlorextol
(Allis-Chalmers Mfg, Co.), Dykanol
(Federal Pacific Electric Co.), [ner-
teen (Westinghouse Electric Co.), No-
flamol (Wagner Electric Co.), Pyranol
(Geaeral Electric Co.), and Thermi-
nol (Monsanto Co.).

Other uses of pca's include formula.
tion into ballasts for Auorcscent fixe
tures: impregnation of cotton and as-
bestos for braided insulation of elec:
trical wirning; a plasticizer in wire and
cable coatings; capacitors and askarel.
type transformers: and plasticizers of

vinyl ch'oride polymer films. Because

of their thermal stability and fire re.
sistance, the pcs's also find application
in high-pressure hydraulic fuids, spe-
cialized lubricants and gasket sealers,
heat transfer agents, and machine tool
cutting oils. Miscellancous uses in.
clude: formulation into some epoxy
paints; protective coatings for wood,
metal, and concrete; adhesives: gad ind
. carbonless meproducifig pepafCes of
. e primsry manndesuneg <f corbosg
. o 18 8
Generaily the kinds of applications
described abave mean that the pce's
will be in many types of products that
eventually find their way to the domes-
tic market. When used in manufacture
of ballasts for Ruorescent Axtures they
will be found in kitchens, bathrooms,
stores, and offices throughout the coun.
try. Wherever office forms are uscd
that do not use carbon paper, one may
find pcs’s formulated into the micro-
capsules of dye that comprise the re-
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Gas chrornatogram A is of a standard pesticide mixture, 8 is typical of Arociar 1254.
and A 4 B3 the chromatogram of a 50 : 50 muxture af both, The corcantration of
Araclor 1254 is approximately 10 times thoss of the pesticides in A, hence 1t 1s un:
derstandable why PC8's were not readily recogmized 1n pesticide chramatagrams,
Gas chromatograph (Packard 7620Q) conditicns: gas flow 80 mi./min. mtragen; tam.
peratures—oven, 210° C., inlat, 23Q° C., detectcr, 218° C.; Ni* electron caoture
detector; §° < Y glass column packed with 8~ SE-30 on Chromosord Q 80-50

mesh.

producing layver of the business form.
pch’'s have also been found on the
transparent receipts used in credit card
charge forms. As plasticizers they can
be expected to appear :n many con-
sumer plastics.

Since the chroni¢ tovicitics are so
signtficant, 1t b:comes important o
know just how cxtensively the rcn's
are distributed 1n the ccosystem, and
just how they find therr way into

the cnvironment, Rainwater in En-
gland, brown scals off the coast of
Scottand, white-twled cazles in Swe.
den, cod tn the Baltic Sea, mussels in
The Netherlands, adehe penguin egzs
in the Antarstica, Srown pelicun cugs
»n Panama, Arcuc terns, shrimp
Flonda, river water 1n Japan, w wers
in the Greeat Lakes. huntan haie, and
human adipose tissue—samplvs of all
these have heen found to contain vca's,
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thus making tacm a class of widely
dispersed pollutants.

Readily abserbed

The properties of pca’s that make
them industrially  useful are the
same propertics that cause them to
persist ia the envirooment. These in-
clude thermal stability, resistance to
oxidation and hydrolysis, solubility in
a wide range of organic solvents, water
insolubility, high dielectric constant,
and compatibility with many-types of
macromolecules. Their resistance to
oxidation and hydrolysis also makes
pC8’s more stable and persistent than
ooT. Consequently, they couid even-
tually accumulate to a higher concen-
tration than oov, especially if the use
of 0OT is sharply curtailed in the U.S.

The solubility of pca's in nonpolar
solvents explains why they are readily
absorbed into fatty tissue and into the
liver. Their resistance to oxidation or
other types of chemical degradation
explains their persistence in the en.
vironment and accumulation in animal
tissue. The latter effect is enhanced
both by their insolubtlity in water and
solubility in organic soivents. Their
chemical inertness and resistance to
metabolism account for their low
acute toxicity. But as they slowly
build up in a living svstem their con-
centration approaches toxicity levels,
at which point chronic effects make
themselves evident.

It has been established that fish-eat.
ing birds will accumulate large concen-
tiations of PCa’s, as in the case of the
white-tailed eagle, which has been
fourd to have as much as 14,000 p.p.m.
of pcw's, Peregrine falcons, 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 accumulated 1300 p.p.b. of
PCB's, which represents a 130-fold con-
centration in a very short time. Oysters,
exposed to an identical concentration
of Aroclor 1254 for 96 hours and then
placed in pcB-free water for four days,
sull had a concentration of 33,000
p-p.b. of pca's, which constitutes a
3300-fold concentration, This means
that even though the concentrations of
PCB’s are in the parts-per-billion range
in the environment, their high liptd
solubility causes them to collect in fatty
tissues of lower amimals and marine
life. Therefore, species at the top of a
food chain will also accumulate pca's
in their bodies, particularly in -their
lipid tissue and liver, in much the same

818 Envirormental Science & Technology

wayv as thev accumulate ooT and other
chlorinated pesticides.

Because of the low solubility of pca’s
in water, when a solution or dispersion
of them s discharged into a river or
lake, they will accumulate on the sedi-
ment in refatively 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.

Accidental occurrence

The reason that pca’s have not been
found in the ecosystem as extensively
as DOT, and are not present in environ.
mental samples at as high a concen-
tration as DOT, is that pca's find their
way into the environment accidentaily.
pot is deliberately spread because this
is the only way its insecticidal proper-
ties can be utilized. Pc8’s are not in-
tended to get into the environment, but
they Jdo because their unique chemical
properties prevent them from being de-
stroyed by our usual waste disposal
methods. Thus, they inadvertently cs-
cape and become widely dispersed.

[n Sweden, where the use of oor
has been banned, and where the maia
power source is hydroelectric, investie

gators find that the concentration of
PCA’'s in the environment is as nigh as
that of oor.

There are several ways by which
PCB'S get into the ecosystem. One of
these is by incineration. Products con-
taining Pca's, such as carbonless ree
producing paper in business forms,
plastics {especially polymer film and
shesting that contain Pca’'s as plasti-
cizers), spent ballasts from fduoresceat
light fixtures, and objects coated with
rca-formulated coatings, ail find their
way to the city dump or incinerator
for burming. The pcs’s do not burn but
are vaporized. They are then carried
into the atmosphere, where they collect
on particulate matter and ‘are 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 enviroa.
ment. Another source is probably land
run-of from industrial wastes and
dumps. A third source is the point of
manufacture and the plants whers
pca’s arc processed into other products.
They can escape through the piant ven-
ulaton and exhaust systems into the
atmosphere and through its waste treate
ment systerm into sewers or directly into
walerways.
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It is interesting to oote that the inci-
dence of PCB's in environmental sam-
ples is highest in industrialized and uf.
panized areas. Birds whose primary
habitat is the San Fraacisco Bay area
have a larger concentration of pc®'s
per uait of body weight thag those lo-
cated in Bajs, Calif., which is com.
pletely rural. Aquatie life in ths Archi-
pelago of Stockholm, the most induse
trialized area of Sweden, wecre found
to have & higher conceatration of pcB's
than fish samples taken from the west.
ern coast of Sweden, 2 less developed
area. Sediment samples taken from
southern portions of Lake Michigan
have a higher concentration of pPc3's
than those from other parts of the lake.

Monsanto states that until a recent
change in marketing policy (see inset,
page 814), sales of Aroclors were in.
creasing at the rate of 8% per year.
While this increase does not seem sig-
nificant, it may be important if the in-
creased consumption was in consumer
products and thus would find their way
into our normal solid waste disposal
systems. Such an occurrence would
mean a definite increase of pPCa residues
in the environment, and therefore a
marked increase in their chronic tox-
icity effects.

Detection

pC3's were not discovered in environ-
mental samples until very recently for
several reasons. First, as indicated
above, they have not been deliberately
distributed about the ecosystem. Sec-
ondly, because of their relatively low
acute toxicities, their presence was not
immediately evident. Finally, they are
difficult to detect analytically,

The pca's were first detected as in-
terfering peaks in the gas chromato-
graphic analysis (Gc) of environmental
samples being analyzed for chlorinated
pesticide residues. When PcB’s are pres-
eat in a sample they give a pfitern of

_ several GC peaks, whose retention times

are similar to those of dieldrin, poOT.
OOE, aldrin, and heptachlor oxide. Be-
cause the peaks were not large or
sharp, investigators tended to ignore
them until S. Jensen, in Sweden, and
R. Risebrough, at the University of
California at Berkeley, identified them
as carresponding to comman constitu-
ents of environmental samples being
analyzed for persistent pesticides.

The problem of the interfercnces of
PcB's with the analysis of other chlori-
nated pesticides has been largely over-
come hy prior treatment of the sam-
ple. Several investigators have used

a

column chromatography to separate
pca’s from chlorinated pesticides. At a
recent  meetiog, sponsored by the
FwQa's National Water Quality Lab.
oratory, Duluth, Mian., a general pro-
cedure was recommended for separa.
tion of pca's from pesticides. In this
procedure for biosamples, the sample

is extracted with hexane as in regular

pesticide analysis. It is thea partitioned
with acetonitrile to remove fats, the
cleaned-up extract is passed through a
Fluorisil column and then through a
silicic acid column. Finally, the sample
is analyzed by gas chromatography,
with a chloride-specific detector. In this
way the pesticides are retained on the
silicic acid column far latee elution and
identification.

Resoarch needs

To assess fully the sigoificancse of
pCe’s as environmental pollutants, ad-
ditional research is needed. No one
really knows the extent of the chronic
effects of these chlorinated hydrocar-
bons. Some problems that need to be
considered are:

+ Although Pca’s are known to ac-
cumulate in buman organs we do not
know at what concentration they will
begin to exhibit toxic effects. Will these
chronic effects be similar
shown in asimals—microsomal en-
zyme activity, calcium metabolism in-
hibition, and so on? What are other
possible chronic effects?

¢ Which of the magy pcs com-
pounds in the commercially available
mixtures are responsible far their tox-
icity? Can commercial Pca mixtures be
modified to eliminate the toxic com-
ponents? Pure samples are required to
answer these 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
each component,

¢ We need to know all the uses for
the pca’'s. What is the annual produc-
tion of pca's? Qur knowledge of these
facts is limited and needs to be ex-
panded. These facts should be known
if we are to accurately determine how
they get into the environment, and take
steps to prevent further environmental
contamination by them,

¢ la view of the complexity of the
isolation and accurale quantutaine
analysis of pca’s in chlorinated resi-
dues, a straightforward, unambiguous
measurement of them necds to be de-
veloped.

to those '

e

What is the fate of Pca's in nate
ural Waters? More needs 10 be known
of their partition coefficients betweea
bottom sediments and water. This is
vital if we are to estimate how long it
will take for a river bed to clean itseif
of contamination. It will also be useful
when assessing the effects of pca’s oa
marine life that feed on the bottoms of
lakes, rivers, and estuaries. We should
also learn more about pcs solubility i
water of various ioaic strengths,

° Are present waste treatment (3423
tems adequate to haadle pea's? Do spe-
cial measures need to be taken when
PCB’'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
2 position to control the cscape of
PCa’s into the environment before ad-
ditional damage is done. So frequeatly,
action is taken only after it is evident
that massive damage has resulted from
a particular pollutant. [a the case of
the PcB’s we may have an opportynity
to resolve the situation beforf that

happens. S
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