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and persistent

Intensified research is needed to minimize their dangers

. Carl @. Gustafson, Federal Wajar Quality Administration, dthens, Ga.

During the past three years, a  nwmbered positions of the biphenyl  Aroclor. PCa’s are also masufactured
structure,

wpecial clnss of compounds, called

polychlorinated biphenyls (rca's), has

claimed the attention of ccologists and

pesticids analysts in this oountry.
Thess were not

in the environment until 1966 in Swe--

den and 1967 in the U.S,, deapite the
fact that they have been available com-
mercinlly for 40 years. Interest in PCa’s
has arisen because the\ are frequently
found in fish, bird, water, sediment,
and other environmentil sanmplos when
such samples are examir.cd for chlori-
nated pesticide rosiduc. That a wide
varisty of sampics conti.ining Pca’s has

3’ 6 5

In the process of replacing hydrogen
stoms. with chlorine atems, a large
number of substitution, combinations
arise. For oxample, thres monochioro-
biphenyl isomers are possible, 12 di-

in Europse and Jspan, under trade
names such as Phanochior and Clo.
phon, The various Aroclors are dif-
ferentisted by a four-digit number,
with the last two digits indicating the
percentage of chlorins in the mixture.

Properties

The three most important physical
propertios of the pca's ars low vapor
pressures (they have high boiling
,-oints), luw water solubllity, and high
dieloctric constaniy They ars mis-
«ible with most orgunic selveats and

chloroblphenyl % 21 trichi
isomers, and w on. 'l'h:omu-

been coliccted from England, Scandi-
navia, The Netherlands, Antarctica,
Contral America, and many different
parts of the U.S. makes them truly
ubiquitous pollutants.
Polychlorobiphenyls arc mads by
substituting chlorine atoms for one or
awre of the hydrogeo atoms at the

enlly. 210 compounds can be p

ibl: with many types of h!y-
mers. Al\hw.h some mdlvuuu
P oy

by this substitution process; a lyplcal
example would be 2,4,6,2'4"-ponta-
chlorobiphenyl.
‘Whenpever aromatic  hydrocarbons
uch 83 biphenyls are chlorinated, the
isa of pounds, in-
cludm. isomers. It is quite difficult
cymhulu single, specific chioro-

talline, the Aroclor mixtures ars oither
«iquids or resiny,

The chcm:‘c froputies that make
PCp’s desirabdia industrial materials are
their excellent thermal stat.lity, their
strong resistance (o both icidic and
basic hydrolysis, and :2eir general in-
ennu; They are Juite resistant to

bi ds in the lab M reports, in a tech-
The Monmnio Co. stoicd recently in a uniess involvod prossdures are cm- nical bulletin on pca’s, that they can
letter 10 Congressinan William F. pl . Consaquently f¥w of the indi-  be heated to 140° ¢ under 260 p.s.i. of
Ryan of New York that as of August vidual ds have been prepared  oxygen p “without sh

30, it would no 'onger seil Pcw's 10
customers for use in g:neral plosticizer
operations witre dispus. | of the end-
products cann.vt Se cont-vlled. tfter
some lag period—ihe t:mie it 1ukes to
eventually dispose of the +uducts
madle from rew's and cu reany in
processor's inventorles- 1 ¢ quuntity
of PCN's petiing into the environ.nent
may be subsiontially red.iccd. 1}
Monsunio's former customers ok for
PCO substituses, rather *han pun aasing
PORS from wanufacii con in Jo an
and Curope, the projedcied decriuse
could becon. « reality

Cari G, Guvtalvon

in the purc form for study.

In the commercial process for ven
magufacture, biphenyl 48 chlorinuted
wilk anhydrous chlorias in taf! cy-
lindrical towe:« with cither iron filing
or forric chlvrn.e as the caalyst Fhe
by-product is hydrogen chloride. the
product is a mixture of scveral pun's.
The dagree of chlorination is duter-
mined by measuring the specilic gravity
of the mixture or, when the product
is more viscous, the ball-and-ring soft-
ening-point tcst is usod. The w1 sic pro-
cess takos from 12 to 36 hours.

In the U.S., the sole manuiacturer
of rcp’s is the Monsanto Co., which

e kv ) Neivocn & Todd

rkots them undor the Srade name

§ any
evidence of oxidution as judged by de-
velopment ot av.c'¥ or for.ton of
sludge.”

The physiologis 1) propertas ol the
Pep’s muke then notentially waificant

coMaAMINAM. 1 Ly chvitors . o1 For
any poliutunt, (w- {.iClOM ars invulved:
acute toricity, wlhici. Is im aely

il
evident becaux of a1 high dewib ¢
other muiming clicot .nd ch
icity, which wahe st of 4 v v -
cumulation o the wison in the Dody
and is o sublath.  sfect, Wherevor
ACULS tOXIENY % 1. AL 4 pollutant Wit
bo readily recogaiod and L proce
romedial sctions wid e intzoduced. ll.
on the other hand, wvuiv toxity is ow,

oo
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the physiological ¢fects will go un-
notived until the chronic effccts make
themselves evident. When this happens,
the problem may have advanced be-
yond immediate or casy correction.

Acute texicity

All studics of ren's in animals indi-
cate that acute toxicity is not a signifi.
cant factor. Their acule toxicitics are
on the order of those of other chlori-
nated i P Is. M
has sponsored (wo investigations of
the acute toxicitics of Aroclor mix-
tures. In the first, at the Kettering
Laboratory at the Univensity 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-dny cxposure to 0.83 p.p.m. of
Aioclor 1242 for 7 hours per day on
17 of those days. Even after more pro-
longed tests, there were no severe cf-
fects (rom Aroclor 1242. In the second
investigation, still in process, three
groups of beagles arc fed Aroclor 1242,
1254, and 1260, respective.y, at a rate
ol 100 p.p.m. in their dicts. Aficr threc
months no significant abnormalities
have been noted.

Similar studics on fish have been per-
formed in several laboratorics. Dr.
Richard Schoetiger of the Sport Fish-
eties and Wildlife Pish-Pesticide Re-
search Laboratory in Columbia, Mo.,
reports that 96 hour-TLy, toxicitics of
the Aroclors 1o trout range from 1.17
10 60 p.p.m. Compared to op¥, whose
96 hous-1L 3 toxicity is 0.002 10 0.009
p-pm. for trout, the pca's have a rela-
tively low acute toxicity. With the more
seisitive blucgill, the 96 hour-TL, for
Aroclor 1248 is 0.278 p.p.m., while
that of nnv is 0.008 p.p.m. Aroclor tox-
icitics appear to be inversely propor-
tional to the chlorine content of the
mixiure

Shellifish, oystcrs, wnd shrimp ure
more sensitive to »cn's. Dr. Tom
Duke, av the Burcau of Commercial
Fusheries Pesticide Field Station, re-
potts 100': mortality of juvenile pink
shtimp ¢xposed to 0.10 p.p.m. of Aro-
clor 1284 in water for 48 hours. This
onceniraion of  Aroclor 1254 will
Caune @ 100% deerease in shetl growth

1 oystean atier 96 hours. To achivve
the same ellccts with 00T in these ex-
perunents, only 0.0006 p.p.m. und 0.01
p-p-m., respectavely, were required.

There » very littlo evidence that
rews are toxic to inaccls. Studies 1o
date show 1hal ey ure Tess toxic than

dicldrin or opT. As with fish, their tox-
icity appears to be inverscly propor-
tional to the chlorine content of the
mixture.
Basced on the above data, it is un.
derstandable  why the polychlorobis
L S

croscopically the kidneys showcd
marked tubular dilation and numcrous
custs.”

Another chronic cffect of pcu’s is
related in wildfowl. The accumulation
of high concentrations of chlorinated

phenyls, for
40 ycars, have only recently attracted
attention as toxic environmental con-
tamioants.

Chronle toxicity

The chronic toxicities of PCB's pre-
sent a thore disturbing situation; several

hyd bons in birds resulted in dis.
ruption of normai breeding behavior
and in the formation of thin-shelled
eggs. A dramatic exampic of this effect
has been observed in the case of the
brown pelican. On the Anacapa Islands
off the California coast, no young were

chronic effects bave been observed, It
was discovered, quite by accident, that
pco’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 opoxy 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 it
produced the same ch istic effects
a3 chick edema factor. McCune re-
poried: “Gross pathology included hy-
dropericardium, hydroperitonium, en-
larged heart, liver, and kidneys, and
hemorrhage of internal organs. Mi-

hatched last year from 300 pairs of
nesting birds. The sheils of most eggs
Iaid were so thin that a dent occurred
when the egg was picked up.

Thero 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 nceded 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 birds
when they are breeding, are controlled
by the hormone estrogea. A bigh es-
trogen level is associated with the for-
mation of this caicium reserve. Chio-
rinated hydrocarbons, such ss poT,

f
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chilonkane, dichtom, sl een's, activite
ensymen i the liver which translorm
o ity L more walerssaluble
compaund that is readily climinated
Crom the bird's body, This means that
when extrogen levels are low, caleium
raerves will also be low, and theree
fore very litde culoum will be avail-
able for strong cg:whell provuction.
Dicldrin and ren's are moro cffective
than poT in this type of cnzyme-indue.
tion activity: Aroclor 1262 has an es-
tradivl degrading potential four to five
times that of p,p-nDE or technical
grade pOT.

The ability of the female bird to
deliver calcium to her oviduct during
the Iast 20 hours, when the eggshell is
being formed, is related to the func-
tioning of the enzyme carbonic an-
hydrase. When birds that have ex-
hibited the ability to lay normal egie
are injected with & metabalite of ppT
(ooz) just prior to the formation of
the epgshell, they will lay thin-shelled
eggs. This indicates that DOT also in-
hibits the activity of carbonic anhy-
drasc, the enzymc that controls the
flow of caicium from :hc blood stream
of the bird into its oviuuct.

Since dicldrin secms to have no
effect on carbonic anhiydrase, we may
assume that neither do the pen's. How-
ever, these compounds delay breeding
time signifl y. Many ornithologi
feel that late breeding has a stronger
influence on the reduction of bird
populations than docs the laying of
thin-shelled eggs. If this is true, PCB’s
arc & more potent threat than DOT to
our declining bird populations, es-
pecially for predatory birds that ac-
cumulate {airly high levels of rca's be-
cause they cat smaller animais that al-
ready have concentratcd ren'’s in their
own tissucs.

Other investigators have produced
evidence 10 show that PCB's are simi-
far to pOT in their activily. Dr. Joseph
Street ot Utah Stae University has
shown that when Pee's accumulate in
the liver, they induco microsomai on-
ayme activity by bringing about more
rapid bolism of drugs, i icid
and other foreign compounds. He fed
rats a dict containing Su p.p.av. of
Aroclor 1254 or Aroclor 1260, After
10 days on this dict, the test animals
were administered hexobarbitol at &
dose of 100 p.p.m. to induco slecp.
In comparison with a control group,
the slecping timo for thesc rats was
reduced by 65 to 80%. Stroot also
found that Aroclor, when fod at the

LI Sclence & T

same level, will reduco dieidrin ator-
age in adipose tissuc by 90 to 95%; in-
crease sniline oxidation by 200 to
300%; and i BrN detoxicati

point of bringing about maifunctions
in the system. For example. Strect be-
licves that the Pcp's bring about steroid
degradation, which can lead 10 altered

by 430 to 470% . In addition, the pca’s
causc activation of organothiophos-
phato compounds, which adversely af-
fect the system. This latter cfect coun-
bul 1 if of dicl-

icr
drin.

Normally, when a subsirate activates
an enzyme, it is converted o a water-
soluble form that will be climinated
from the systcm: however, this is not
the casc with rcn’s. Because they re-
main in the system for prolonged pe-
riods of time, their enzyme induction
activity is always present. In this way
tho normal concentration of important
body chomicals may be lowored to the

endocrine relationships.
The chronic toXicity to man is as
follows:

Like the chiorinated naphthalenes,
the chlorinated diphenyls have
two distinct actions on the body,
namcly, a skin elfect and a toxic
action on the Jiver. The lesion
produced in the liver is an acute
ycllow atrophy. This hepato-toxic
action of the chlorinawd  di-
phenyls appears to be increased
if there s exposure o carbon
tetrachloride ot the same time,
The higher the chlorine content of
the Jiphenyl compound, ibe mwre
toxic it is Jiable to be. Onudes of
chlorinated  Jdiphenyls are mwre
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oxic than the wnoxidized  ma-

wrisls

The shin lesion ix known as
chlotavin, and consists of small
pimples and dark pignwentation of
the enposed arcas, initialy. Later,
comedones and pustules Jdevelop,
In persons who  have suffered
systemic infoxication, the usual
signs and symploms are nausea,
vomiting, lors of weight, jaundice,
edemia,  amd  abdominal in.
Where the liver damage has
severe, the patient may pass into
coma and die.

Sax, N. Irving, "Dangerous Prop-
ertivs of Mndustrial Marerials,” 3rd
.. Van Nostrand-Reinhold, New
York, /968

The ubiquity of pce’s is related to
the wide specirum of applications that
have been found for thens. The largest
sngle use of rcs's is related 10 their
clectrical  properties—as  coolant-insu.
Jation fluids in trunsformers. For this
purpose the Aroclors are aiso sold
under such trade names as Chlorextol
(Allis-Chalmers Mfg. Co.), Dykanol
(Federal Pacific Electric Co.), Incr-
teen (Wastinghouse Electric Co.), No-
flamol {Wagner Electric Co.), Pyranot
(General Electric Co.), and Theemi-
nol {Monsamo Ca.).

Other ines o1 ren's include (ormula-
tion into ballists for fluorescent fix-
tures; impregnaion ol cotton and us-
bevos for bhraided insulation of clec-
trical wiring: a plasticizer in wire and
cable coatings: capacitors and askarcl-
type iransformers; and plasticizers of
vinyl ch'oride polymer films. Because
of their thermal stadility and fire re-
sistance, the »co's also find application
in high-pressure hydraulic fluids, spe-
cialized Jubricants and gasket sealers,
heat transfer agents, and machine tool
cutting oils. Miscellanecous uses in-
clude: formulation into some epoxy
painty; protective coatings for wood,
metal, and concrete; adhesives; and in
carbonless reproducing paper. Onc of
the primary manufacturers of carbon-
less reproducing paper also sclls Aro-
clors in an encapsulated form,

Generaliy the kinds of applications
Jdoneribed above mwcan that the ren's
will be 1n many types of products that
eventually find their way 10 the domes-
te market, When used in manufacture
of ballusts for Nuorcscent fixtures they
will be found in kitchens, bathcooms,
$1ores. und offices throughout the coun.
try. Wherever office forms are used
that do not usc carbon paper, one may
fnd rco's formulated into the micro-
caprules of dye that comprisc the re-
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Gas chromatogram A {s of & standard pesticide mixture, B is typical of Aroclor 1254,
and A + B is the chromatogram of a 50 : 50 mixture of both. The ¢oncentration of
Aroclor 1254 is approximately 10 times those of the pesticides in A, hence it is un-

derstandable why PCB's were not readily r

in
Gas chromatograph (Plcurd 7620) conditions: gas fiow 80 ml./min. nmnun tem-

peratures—oven, 210* C., inlet,

230 C., detector, 218° C.; Ni” slectron capture

detector; 5 X 14" glass column packod with 8% SE-30 on Chromoscrd Q 80-90

mesh.

producing layer of the business form.
pcn's have also been found on the
transparent receipts used in credit card
charge forms. As plasticizers they can
bc cxpected to appear in many con-
sumer plastics.

Since the chronic 1oxicitics arc so
significant, it becomcs imporiant to
know just how extensively the pco's
aro distributed in the ecosystem, and
just how they find their woy into

the onvironment. Raimwawr in Ene
gland, brown scals off the coast of
Scotland, white-tailed vagies in Swee
den, cod in the Baltic Sca. mussels in
The Netherlands, adelic penguin eggs
in tho Antarctien, brown pehican opes
in Panama, Arctic terns, shrimp in
Florida, river water in Japan, waters
in the Great Lakes, human hair, and
human adipose tissuc—samptes of all
these have been found 1o contain Pew's.
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thus making them a cluxs ol widely
dixperacd potlutants.

Reodily absorbed
The propeniics of pcn's that make
them  indwtrially  usefol  are  the
sante properties that canse them 1o
persixt in the environmont. These in-
clwde thermal stability, resistance to
onidation and hydrolvsix, solilility in
o widle range of organie wlvents, water
inwolubility, high  divioctric constant,
and compatibitity with many types of
Thuere i o
oxidation and hydrolysis also makes
PCa's more stuble and persistent than
onT. Consequently, they could cven-
tually accumuinte to a higher concen-
tration than opT, espocially if the use
of noT is sharply curtiiled in the U.S,
‘The solubility of rca's in nonpolar
solvents explains why they are readily
absorbod into fatty tiasue 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 effcct is enhanced
both by their insolubility in water and
solubility in organic solvents. Their

N

and i to
motabolism account for their low
acute toxicity. But s they slowly
build up in a living system their con-
ceniration approaches toxicity levels,
at which point chronic effects make
themselves evident,

It has been ostablished that fish-cat-
ing birds will accumulate large concen-
tations of PCY's, a3 in the case of the
white-tailed eagle, which has been
found to have as much as 14,000 p.p.m.
of rca's. Peregrine faicons, 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
t0 10 p.p.b. of Aroclor 1254 for 48
hours, they accumulatod 1300 p.p.b. of
ree's, which represents a 130-fold con-
centration in a very short time. Oysters,

d to an idenli iof

way as they accumulate doT and other
chlorinated pesticides.

Because of the low solubility of rcs'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 i

gators find taat the concenration of
rca’s in the cnvironment is as high as
that of poT.

There are several ways by which
PCa’s get into the ecosystem. One of
these is by incineration. Products con-
taining PC3's, such as carbonless re-

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.

Ascldental sssurrence

The reason that »Ca's have not been
found in the ecosystem as extensivcly

producing paper in business forms,
plastics (especially polymer film and
sheeting that contain »ca’s as plasti-
cizers), spent ballasis from Ruorescent
light fixtures, and objects coated with
rca-formulated coatings, all find their
way to the city dump or incinerator
for burning. The rca's do not burn but
arc vaporized. They are then carried

as DOT, and arc not present in i

of Aroclor 1254 for 96 hours and then
piaced in pc-frec wator for four days,
still had a concentration of 33,000
Pp.d. of »co's, which constitutes a
3300-fold concentration. This means
that evon though the concentrations of
rca's are in the parts-per-biilion rango
in the cnvironment, thoir high lipid
solubility causcs them to collect in fatty
timues of lower animals und marino
life. Therofore, specics at the top of a
food chain will also accimulato pen's
in theie bodies, paruadarly o theie
Hipid dismine and liver, m much the same

LTS Selevos & T

montal at as high a concen-
tration as DOT, is that PC’s find their
way into the environment acéidentally.
DOT is deliboratcly spread bocauss this
is the only way its insecticidal proper-
tics can be utilized. PCB’s are not in-
tonded to got into the environment, but
they do becauss their unique chomical
proportios provent them from being do-

into tho phere, where they collest
on particulatc matter and are subse-
quently returned (o the surface of the
carth, into the rivers, lakes, and oceans.
In this way they become widely dis-
tributed throughout the global environ-
ment. Another source is probably land
run-off from industrial wastes and
dumps. A third source is the pownt of
manufacture and the plants where
ren's are p ! into other products.

stroycd by our usual waste disposal
hods, Thux, they inad y o8-
cupe und beconw widely dispersadd,
In Swoden, where the use of v
has boen banned, and where the miin
powor sourco is hydroclectric, investis

They can excape through the plant vens
tilation and cxhaum systemis into the
atnnphere and through it waste treats
NN RYRICNL Nt sowens o divecily inte
WIS TWIYX,
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* i inicresting 10 note that tho inci-
* Jdence of ren's in eaviconmental same
ples is highest @ industrialized and vr-
baieed arcas. Binds whose  primacy
habitat is the San Francisco Bay arca
have a larger concentration of eci's
per unit of boily weight than those lo-
cated in Baja, Calif,, which is com.
pletely rural, Aquatic life in the Archic
pelago of Stockhulm, the most indus-
wislized arca of Sweden, were found

column chromatogruphy to soparate
ron's from chiorinated pesticides, At &
recent  mceting,  sponsored by  the
rwQa's National Water Quality Lab-
oratory, Duluth, Minn., a general pro-
cedure was recommended for scpari-
tion of pcn’s from pesticides, In this
procedure for biosamples, tho sample
is extractod with hexanc as in regulur
pesticide analysis. It is then partitioned
with acetonitrile to rcmove fats, the

to have a higher ation of rci's
than fish samplues taken from the weste
em coast of Sweden, a less deveioped
arca. Scdiment samples taken from
southern portions of Loke Michigan
have a higher concentration of rcu's
than those from other parts of the lake.

Monsanto states that uatil & receat
change in marketing policy (sce insct,
page 814), sales of Aroclors were in-
crossing at the rate of 8% per ycor.
Whils this incrcase docs not seem sig-
aificant, it may be important if the in-
creased ion was in T

1! d-up extract is passed through a
Fluorisil column and then through a
silicic acid column. qully. the umple
is analyzed by g h

¢ What is the faic of pca’s in nat-
urat watera? More nccds to be known
of their partition cocflicicnts betwesn
botton sediments and water. This is
vital 5§ we are to cstimate bow long it
will tuke for a river bed to cloun itsel!
of contamination. It will also be usefut
when ussessing the offccts of »ca’s on
marine life that feed on the bottums of
lakes, rivers, and cstuaries. We should
also learn more about »ch solubility in
water of various ionic strengths.

* Are present waslo treatment sys-
tems adequate to handle pCp's? Do spe-
cial need to be taken when

with & chlonde-cpec:ﬂc detector. In (hu
way the pesticides are retained on the
silicic acid column for later elution and
identification.

Resoarch needs
To assess fully the significance of

rcn’s as environmental poliutants, ad-
ditional rcsearch is needed. No one

products and thus would find their way
into our normal solid waste dispos.d
systems. Such an occurrence would
mean a definite i of pc resid

really knows the extent of the chronic

effects of these chlorinated bydrocar-

bons. Some problems that need to be
idered are:

in the enviconment, and therefore &
marked increase in their chronic tox-
icity effects,

Patection

ren's were n discovered ia envieon-
nental sumplex untit very recently for
wveral reasons. First, as  indicated
above, they have nod been deliberately
disteibuted about the ccosystem. Sce-
ondly, because of their relatively low
Acule 10Kicilien, their presence was not
mmediately cvident. Finully, they are
diflicult 1o deteet analytically,

The ren's were first detecied as in-
wefering peaks in the gos chromato-
graphic analysis (oc) of environmental
samples being analyzed for chlorinated
pesticide residues. When PCd's are pres-
ent in a samplc they give a pattern of
wveral 6¢ peaks, whose retention limes
sro similar 1o those of dickirin, DOT,
pue, sidrin, and hepiachior oxide. Be-
¢ause the peaks were not lurge or
sharp, investigators tended 1o ignore
them untit S. Jensen, in Swaden, and
R. Risebrough, at the University of
California at Berkeley, identifled them
[ ponding to i
ents of i ! 1

*  Although pcs’s are known 1o ac-
cumulate in human organa we do not
know at what concentration they will
hegin 1o exhibit toxic effects, Will these
chronic effects be similar 10 those
showa in anml.nln-—-mncrowmal on-

rCh’s aro part of the waste effiusnt be-
ing treated?

By trying to get some of these an-
swers now, we msy find that we are in
a position to control the escape of
PC3’s into the environment before ad-
ditional dsmage is done. So frequently,
action is taken only after it is evident
that massive damape has resuited frorm
a particular pollutant. In the case of
the »Ce’s we may have an opportunity
to resoive the situation befors that
happens.

Additienal Reading
Hubb L., “Chiorl 8i
and R'In'd Compounds,” Encyclm
pedia of Chamical Technoiogy, 2nd
m 5, Interscionce Publ.. Now York,

LY., 1 pp, 28 3
Reynolds, L. M., Bull. Environ. Contam.
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zyme activity, bolism in-
hibition, and so on? What are uther
poxxible chronic effects?

*  Which of the many »Cn com-
pounds in the commercially availuble
mixtures are reaponsible for their tox-
icity? Can commercinl PCP mixtures de
modificd to climinate the toxic com-
P ? Pure ples are required to
answer those questions. At the present
time work is continuing at the Fwaa’s
South Water Lab y to scp-
arate each of tho Aroclor mixtures into
its many components, and to identify
each component,

*  We nced to know all the uses for
the pcw’e. What is the anaual produce
tion of pca's? Our knowledge of these
facts is limited und nccds to be ex-
panded. These facts should be known
if we are to accurately dotermine how
they get into the environment, and take
steps 1o prevent further enviroamenial

being

Jog

ly for p
The prONcnl of 1he interfcrances of
rce’s with the anulysis of oth.r chlori-
nated pesticides hus been lurgely pver-
come by prior treatment of the gam-
ple. Scveral investigators have used

ination by them.
* In view of the complexity ol the
1ati and
analysis of pce's in cMorinated resi-
ducs, ightforward, bi
measursinent of them needs to bo de-
veloped. '

969).
. R. N, ot al., Nature 220
(1960).
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