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and persistent

Intensified research is needed to minimize their dangers

Carl G. Gustafson, Federal Water Quality Administzation, Athens, Ga.

Duﬁng the past three years, a ' aumbered positions of the biphenyl  Aroclor. PCa's are also manufactured

special class of compounds, called
polychiorinated biphenyls (rcn’s), has
claiimed the attention of ccologists and
pesticide amalysts in. “this country,
Those compounds were not discovered
in the environment uatil 1966 in Swe-
den and 1967 in the ULS,, despite the
fact that they have been avaiiable com-
mercially for 40 years. interest in PCa's
has avisen because they are frequently
found in fish, bird, water, sediment,
and other environmental samples when
such sampizs arc cxamured fot chlori-
nated pesticide Tesidue.. That a wide
variety of samples contianing PL's has
been collecied from England, Scandi-
navia, The Nethertunds, Antarctica,
Central America, and many different
"parts of the U.S. makes them truly
ubiquitous poliutants.
Polychlorobiphenyls are made by
substituting chiorine atoms for one or
more of the hydrozen atoms at the

The Monsanto Co, stated recenily in a
letter 1o Congressinan William F.
Ryan of New York that as of August
30, it would ne ‘onger sell PCB's 10
customers for use in g:neral plesticizer
operations where dispuss ! of the end-
products caneit e cont -lled, fter
some lap porlod——ihe i:me it rases to
eventuully dispose of tize rrouduc:s
mwle from PR’y and cu- reany in
Processor’s uivenlories— il © quunlity
of YCN'y getting into the environ nent
may be subssuntindly red:evd. 1}
Monsauto’s former cusiomers ot for
PCR substitutes, rather ‘han purc nawing
PON'S frenu sanufacini s in Ja -an
amd Lurope, the projected decrs nse
could hecowny a reallty
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structure.

iIn the process of replucing hydrogen
stoms. with chlorine «toms, a large
number of substitution; combinations

arise. For example, three monochloro- -

bipbenyl isomers are possible, 12 di-
chlosobipheny) isomers,; .21 " trichioro-
bipheny! isomers, and co on, Theoreti-
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
produst is 2 mixture of compounds, in-
cluding isomers. It is quite dificult
to synthesize single, specific chloro-
biphenyl compounds in the laboratory
uniess jnvolved progedures arc em-
ployed, Consequently fow of the indi-
vidual compounds have teen prepared
in the purc form for study. .

‘In the commercial process for ves
manufacture, biphenyl- s chlorinuted

with anhydrous chloring in taf! cy- -
!mdncal towe:s with cither iron lilingy’

or ferric chivriee as the Caialyst The
by-product is hydrogen chloride. the
product is a mixture of weveral Pon's.
The degree of chlorination s detere
mincd by measuring theapecilic gravity
of the mixture o1,
is more viscouns, :he ball-and-ring soft
cning-point test is used. The wi.ole pro-
coss tukes from 12 1o 36 hour.

In the US, the sole manufacturer
of rew’'s is the Monsanto Cu,
markets themy under xhc tmu.. name

>

when the product -

which =

in Europc and Japan, undcr trade

.names such as Phenocblor and Clo~

phen. The various Aroclors are dife |
icrentiated by a four-gigit number,

with the last two digits indicating the |
percentage of chlorine in- the mixture,

Proparties

The thres most 1mportant physical
propertics of the pcB's are Jow vapor
pressures  {they have high boiling
.oints), low water olubility, and high
dicleetric  constanty  They are mise

vidle with most orpanic solvens mad

compatibl: with many typss of Boly-
mers. Althoupgh some individual pl)-
chiorobiphenyl compounds are’ ciys-
(alfine, the Aroclor mixtures arc either-
dquids or resins, '

The chemical groparties that make
pca's desirablc industrial materials are
their excelient thermai stablity, their
strong resistancs to both wcidic and
basic hydrolysis, and iaeir seneral in-
criness, They are Juite resistant 10
oxidation. Monsanio reports, in a techs
nical bulletin on Pcu's, that they can
be heated to 140° €. under 260 ps.i. of

. OXygen pressure “without shawing any

evidence of oxidution as judged by de-
velopment of ey or fo:~aton of
sludge.”

The physiolegi-ul propertic of the
pco’s make them: notentially sg-ificant .
conlaminani: 3 L Jhviroris. st For
any poliutant, tw- ;.ciors ane im vived:
acute loxicily, which. {5 iman. asely
cvident becass uf o high deail v of
other niuiming ehivet, wné ch. 2oy
icity, which i whe -aalt of 3 ot aee
cumuldjon of the wisoR in the ooy
and is O subleth.  sfeet. Wheneve-
agute LOXICHY 18 i. I, .o podltaivt W
be readily recogai.od and o
remeding actions wid e iatroduced. 1,
on the other hand, acute toxiity is low,
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g physiological effects will go un-
aotent unil the chronic eifects make
Cemagicives evident, When this happens,

. problemt aay have advanced be-
i yond immediate or casy correction.

Acute toxicity

Al studies af pen’s in anmmals indi-
cate that acute toxicity is not a signifi-
cant factor. Their acute toxicitivs are

“.on the order of those of other chlori-
nated aromiatic compounis. Monsanio
has spansored two invesiigations of
the acute loxicities of Aroclor mix-
wres. In the firsy, at the Kettering
Laboratory at the Univenity of Cin-
cionati. Dr. J. F. Treon and his co-
workers investigated the toxicity of
Aroclor vapors for guinca. pigs, mice,
rabbits, and rats. All animals survived
-8 24-day cxposurc to 0.33 p.p.m. of
Aroclor 1242 for 7 hours per day on
17 of those days. Even after more pro-
longed tests, there were no severe of-
fects from Aroclor 1242, in the second
investigation, still in proeess, three
groups of beagies arc fed Aroclor 1242,
1254, and 1260, respectively, at a rate
of 100 p.p.m. in their dicts. After three
~atlis no significant abaormualitics

“Jieldrin- or phT, As with fish, their tox- ‘

icity appsars 1o be ioverscly propor-
tional to the chlorine content of the
mixture. )

Based on the ahove data, it is une
_derstandable why the polychlorobi-
phenyls, commercially available for
40 yvars, have only recontly attracted
attention as toxic environmental con-
taminants., .

Chronic toxicity
The chroaic oxicities of rcn's pre-
sent a more disturbing situation; several
_chronic cfiects have been observed. It
" was discovered, quite by accident, that
rcw’s have a toxic cffect-on chickens.
_Professor E. L. McCunc-and his co-
workers:at the University of Missouri
found their chickens dying after they
were placed in a feeding ‘house, parts
aof which had been freshly painted with
an e¢poxy paint. Careful investigation
revealed that the toxic factor was Aro-
clor 1242, a binder in the paint. When
Aroclor 1242 was fcd to the chicks it
produced the same characteristic effects
as chick ecdema factor. McCunc re-
ported: "Gross pathology included hy-
dropericardium, hydroperitonivm, cn-

~larged heant, liver, and ‘kiducys. and

~ Similar studies on fish have been per-

Jormed in severwd luboratorics. Dr.
Richard Schoettger of the Sport Fish-
eries and Wildlife Fish-Pesticide Re-
search Laboratory in Columbia, Mo.,
Teports that 96 hour-Tl., loxicities of
the Araclors to trout range from .17
10 60 p.p.m. Compared (o opT, whase
96 hour-TL;, toxicity is-0.002 to 0.009
p.p.m. for trout, the rca's have a relu-
tively low acuie toxicity. With the more
sensitive blucgill, the 96 hour-TL;, for
Aroclor 1248 is 0.278 p.p.m., while
that of-pnT is 0,008 p.p.m. Areclor tox-
icities appear 1o be inversely propor-
tional to the chlorine content of the
mixture.

Sheflfish, oysiers, und shrimp arc .

more sehsitive to pew's. Dr. - Tom

Duke, at the Burcau of Commercial =
Fisheries Pemicide Ficld Station, rc--

ports 100°* monatity of juwenile pink
shnimp exposed to 0.10 p.p.am. of Aro-
clor 1254"in water for 48 hours. This
concentzalion of Araclor 1254 wiil
Twse o 0%, deerease in shelt prowth
{ oysters afier 96 hours. To. achieve
the same efleets with oot in these exe
periments, only 0,0006 p.p.m. and 0.01
PP, reapectively, were reguired.
There is very little evidence that
POI'S are loxic o insects. Studies 10
date show shug they nre lese toxic Uym

croscopicully the kidncys showed
marked tubular dilation and numcrous
casts.”

Another chronic effect of Pcu's-is
relaled in wildfowl. The accumutlation ..
of high concentrations of chiorinated
hydrocarbons in birds resulled in dis~
ruption of normal breeding behavior
and in the formation of thin~shelled }
cgas. A dramatic example of this eficct
has becn observed in the case of the
browa pelican. On the Anacapa Islands
off the Californiu coast, no young were
hatched last year from 300 pairs of
nesting birds. The shells of most e3gs
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 wild-
fowl. One is a low caicibm rescrve in
the bird; the other is the inability of
the bird to deliver the nceded calcium
to its oviduct, where the egashell is
forming. The calcium level in the avian
biosystem and the calcium reserve in
the sccondary bone structure or medul-
tary bone, fourd only in female birds
when they are breeding, are controlied
by the hormonpe cstrogen. A high es-
trogen level is associated with the for-
mation of this caicium reserve. Chlo-

hemorthage of internal organs. Mi-

rinated hydrocarbons, such as DDT, !
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LR, eI, AT OIS, activale
chzvies an the ver which tranafor
witer-aolule

oliavion Mo a4 e

compaumd tiwe ) readily eliminated

Tt the bird's by, This means that
awhen eteogen fevel e Jow, alvium

resenves will abvo b low, and there-
fore wery listhe ealeann will he avail-
able for wrong epashell production,
Dieldrin and pen's arc more ellective
than noT in this type of enzyme-induc-
tion activity, Aroclor 1262 has an es-
tradiol degrading petential four to five

fimes that of p,p-nDE or technical

grade onT.
The ability of the female bird to

_deliver calcium 10 her oviduct dusing

the last- 20 hours, when the eggshcll is
being formed, is refaled to the {unc-
tioning of the enzyme carbonic an-
hydease. When birds that have ex-
hibited the ability to Jay normal cgus
are injecied with a metabalile of poT
{nE} just prior to the formation of
the eppshell, they will lay thin-shelled:
cpes. This indicates that ooT alwo in-
hibits the activity of carbonic anhy-

_drase, the enzyme that controls the

flow of caleiuny from :he blood stream
of the bird into its oviiuct. )

Since dicldiin seetns to have no
effect on curbonic Rrhydrase. we may
assunye that neither do the roi’s. How

-~

ever, thase compounds delay breeding
time significantly. Maay ornithologists
feel that late breeding has a stronger
influence on the reduction of bird
populations than does the laying of
thin-shelled- egys. If this is true, rcu's
arc a more potent threat than LOT (o
our dJeclining bird populations, ecs-
peciatly for predatory birds that ac-
cumulate lairly high levels of mcn’s be-
cause they eat smaller animals that al-
ready have concentrated PCa's in their
owWn tissues.

Other investigstion have pruduced
evidence to show that ren's are -simi-
Jar 10 poT in their activity. Dr. Joseph

“Street at Utah State Univensity has

shown that when pen's accumaulate in
the Jiver, they induce microsomal cn-
zyme nctivity by bringing about more
rapid metaholism of drugs, insecticides,

and other forcign compounds. He fed.

rats a-diet containing Sv ppan. of
Aroclor 1254 or Arochar 1260, After

10 day. on this dict, the test animais

were administered  hexobarbitol at 3
dose of DO p.wm, lo induce slep,
In compurison with a control group,
the slevping lime for these rats was
reduced by 65 1o 80%. Street also
found ihat Aroclor, when fed at thic

E16  Enviresmentul Sciencre & Tovhnolagy

same level, will reduce dicldrin. stor-

age in adipose tissuc by 9010 95%; in-, .

crease- aniline oxidation by 200-to-

". 300%; and increase EPN detoxication

by 430 to 470%. In addition, the PcB’s-
cause activation of orgunothiophos-
phate compounds, which adversely af-
{cet the system. This Jatter cfiect coun-

. lerbalances the detoxificution of dicl- -

dﬁn- . )

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 ren's. Because they re-
main in the system for prolonged pe-
riods of time, iheir enzyme induction
activity is always present. In this way
the normal concentration uf important
body chemicals may be Jowered 1o the
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point of bringing about malfunctions
in the sysiem. For cxample. Streat be.
licves that the pcu's bring about sieroid
degradation, which can 'lead 10 altered -

endocrine relationships.
The chronic toxicily -to0 man s as
follows:

Like the chlorinated naphthalencs,
the chlorinated dipheavls have
two distinct actions on the body.
namely, 2 skin etfect and 3 woNie
action on the liver, The. lesion
produced in the liver is an acute
yellow atrophy. This hepato-toxie
actiop of  the ohiorinated  Jdi-
phenyls, appeitrs O be increased
if there™gs exposure tw carbon
tetrachlaride at the same lime,
The higher the chlorine corzent of
the diphenyl compound, the more
toxic it is Jiable 10 be. Onndes of
chlorinated diphenyls are mwore

MON-MT-003188
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sonie than the unosidized  ma-

Wials

Toe shin Jesion iy koaown as
Clintienic. and coinsiy ol snadl
pemaples amd dath pimamenttion of
the exposed areas, nnhally. Laler,
comdaney and pinttiies develop.
In persons who have suflered
sylvitic ioattion,  the usoal
s and syYmplonis are natsea,
vomiting. loss of waight, jaundice,
adema,  and  abdoivinal - pain.
Where the bver damage has been
severe, the patient may pass into
coma and die.

Sax, N. hving, “Dangerons Prap-
ertivs of Indusirial Maserials,” 3red
idee Van Nostrand-Reindiold, New -
York, 1968, :

The ubiquity of rca's is relaiéd to -
the wide spectrum of applications that - -

have been found {or them. The largest
sinale tse of res's is related to their
electrical propertics—as coolant-insu-
lation fluids in transformers. For this
purpose the -Artoclors are also sald
under such (rade names as Chlorexsol
(Allis-Chalmers Mfg. Co.)., Dykanol
(Federal Pucific Electric Ca.), Iner-
ten (Weslinghonse Electric Co.), No-
flamoal (Wagner Electric Co.), Pyranol
{Generul Eleatric Co.), aad Thermi-
nol {Monsanto Co.).

Cther iwes of Pen’s include fosmula

P o

aon imo hallasts {or luorcscent fix-

o lures; imprepnision of cotton and as-

bestos far braided insulation of elec-
trical wiring: a plasticizer in wire and
cable coatings; capacitors and askarcl-
type wansformers; and plasticizers of
vin¥l chloride polymer films. Becausc
of their thermal stability and fire re-
sistance, the ren's also find application
in high-pressurc hydraulic fluids, spe-
cialized Jubricants and gasket sealers,
heat trunsfer agents, and machine tool
cutting oils, Miscellancous uses in-
clude; formulation into some epoxy
paints; protective coatings for wood,
metal, and concrete; adhosives: and in
carbonless reproducing paper. One of
the primary manufacturers of varbon-

less reproducing paper also-scils Aro- _

clory in an cncapsuluted form.
Generaliy the kinds of applications

described above mean that the pen's

will be in many types of products that

eventually find their way to the domes. .

tic marker, When used in manniacture

of ballasts for fluorescent fixtures they

It be found iy Kitchens, bathiaoms,
shies. and offices. throughout the coun-
try, Wherever oflice forms are used
that do not use carhon paper, one may .
find rca’s formulated into the micro-
capsules of dye that comprise the re-
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Gas chromztogram A is of a sta:dard pesticide mixture, B is typical of Arocior 1254,
and A < B is the chromatogram of a 50 5 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 ot readily recognized in pesticido chromatograms.

Gas chromatograph (Packard 7620) conditions: gas fiow 80 ml./min. nitrogen; tem-.

peratures—over, 210° C., inlet, 230° C., dctcctor, 218° C.; Ni* electron capture

detector; 5" X 4"
mesh. .

producing layer of the business form.
ren's have also been found om the
transparent receipts used in credit card
charpe [orms. As plasticizers tiey can
be cxpected to appear in many cone
sumer plastics,

Since the chronic toxicities are »o
sigoificant, it becomes imporint 0
know just how extensively the pCh's
are distributed in the ccosysiem, and
just how they find their way into

Age 9 Page

L.{/

glass column packed with 8% SE-30 on Chromosorh Q 80-90

MON-MT-003189

the. cnvironment. Rainwaier in Ene
ofand, brown scals ofl. the coast of
Scotlund, white-tailed cagles in -Swe-
den, cod in the Baltic Sea, mussels in
The Nethertapds, adelie penguin egps
in the Antasctivg, brown pelican eggs
in Panama, Arctic lerns, shrimp in
Flotida, river waier in Japan, waters
in the Great- Lakes, human hair, and
human adipose tissuo—samples of all
these have been found to contain reB's.

Yolume 4, Number v, Oclober 1970 X17
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disperad pallutants.

Readily abisorbed

The properties of peRs that make
theay  industrially  wselul ace  the
same properties that cause them o
persist in the environment, These in-
clude: thermal stabiliy, resistance o

oniddtion and hydroivsis,” solubidity in

a wide range of orgame solvents, water

insolubility, bigh divieetric constant, -
and compatibility wita many typss of

macromolecules, Their resistance to
osidation and hydraiysis also makes
PCB's more stable and pemsistent than
onT. Conscquently, they could cven-
tually accumulate to a higher concen-
tration than pnT, espocially if the use
of poT is sharply curtidled in the U.S.
The selubility of vop's in nonpolar

‘solvents explains why they are readily

absorbed into faity tissue and into the
liver. Their resistance lo oxidation or
other types of chenueal degradation
explains their persisicnce in the en-
vironment and accumulation in animal
tissue. The latter cffect 15 cnhanced
both by their insolubility in water and
solubility in organic solvents. Their
chemical incriness and resistance to
metabolism account for their low
acute toxicily, But us they slowly

~_build up in a3 livi

—

et & s —— oyne Sty

centration approaches toxicity levels,
at which point chronic effccts make
themselves cvident.

It has been established that fish-eat-
ing birds will accumulate large concen-
tiations of rcn’s, as in the case of the
white-tailed cagle, which has been
found to bave as much as 14,000 p.p.m.
of pcp'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 shri.np were exposed
10 10 p.p.b. of Aroclor 1254 for 48
hours, they accumulated 1300 p.p.b. of

.PC3's, which represents 2 130-fold con.
centration in a very short time, Oysters, -
exposed lo an’ identical concentration

of Aroclor }254 for 96 hours and then
placed in pon-frec waier for four days,
still had a concentr.tion of 33,000
p.p-b. of pea's, which constitutes 2
3300-fold concentration. This .means
that cven though the concentrations of

-PCu's are in the parts-per-billion range
in the cnvironment, their high lipid

solubility cavves them to eolfect in fatly

“tissues of lower aninsals and marine

Jife. Therefare, specivs at the top of a
food chain will alvo aeemndine ren's
in their biodies, pwcuiarly 1w thetr
lipid tisaons stad Tiver, 2o anich the sume

SIB  Eavironunessl Schovew & 'T'ocimniagy

chlorinated pesticides.

Because of the Jow solubility of pcp'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
arcn, - '

Accidontal occurrance

The reason (hat ren's have not been
found .in the ecosystem as extensively
as DpT, and .are not prescat in cnviron-
mental samples at as high a concen-
tration as poT, is that rcp’s find their
way into the cavironment ucidentally.
poT is deliberately spread because this

i the only way its insecticidal proper-

tics can be utilized. pen's are not in-
tended 1o get into the environnent, but
they do beeause their nnique chemical
properties prevent them from being de-

stroyed by our usual waste disposal

methods. Thus, they inadveriently es-
capz and become widely dispersed.

In Sweden, where the s of pov
has heen hapned, and where the miain
power sousco is hydeosicetrie, inveslis

T4 THE EonCERTratnc
PCB's in the coviropment is as hi
that of DDT.

There are several ways by v
PCE'S get into the ecosysiem. O1
these is by incincration. Products
taining pca's, such as carbonles
producing paper in business fc
plastics (especially polymer film
shecting that contain PCB's as p
cizers), spent ballasts from fluore:
light fixtures, and objects coated
pco-formulated coatings, all find
way to the city dump or incine
for burning. The rcp's do not burr

_are vapotized. They are then ¢a
into the atmosphere, where they ¢
on particulate matter and are st
guently returned 10 the surtace o
carth, into the rivers, lakes, and oo
In this way they become widely
tributed throughout the global eavi
ment. Another source is probabty .
run-off from industrial wasics
dumps. A third source is the poin
marufacture and the plants w
TeR’s are processed into other prodi

“They can excape through the plans-

\ﬁlminn and cxhaust systemis into
atmokphiere amd throagly its waste 1
e aystent into sewens or ditectly
wilerways, :

MON-MT-003190
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"o iy mideresting to nole that the inci-
Saspet of men's i environmental sam-

"

“ten s Bighest i mdustriniized and wr- -

aamrndd cas Binds whose primay
" pahitat is the Nan -Fracisco Lay arca
f a larger conventiation of rew's
~pér unit of body weight than those lo-
eated in Baja, Calil,, which is com-
pletely rural. Aquatie life in the Archi-
pelago of Stochholm, the nmiost indus-
wrialized arca of Sweden, -were found
to have a higher concentration of reu's

thian fish samples taken from the west-

o coast of Sweden, a less developed
arca. Sediment samiples taken from
southern portions of lake Michipan
“have a higher concentiaiion of peu's
than those from other parts of the lakhe.
Monsunto siates that until a receat
change in marketing policy (see inst,
page 814), sales of Aroclors were in-
reasing at the rate of 8% per year.
Whils this increase does not seemy sip-
~ nificant, it may be important if the ia-
creased consumiption was in consumer
products and thus would find their way
into our normal solid waste dispos.l
systems. Such an occurrence would
mean a definite increase of PCR residucs
in the environment, and therefore a
matked increase in their chronic tox-
ity cffets. :

column cl.romatography 0 separate

pen's from chioriauted pesticides. At a -

recent cmucting,  spomsored by ke
Fwvoa's National Water Quality Jab-
oratory, Datuth, Minn., v general pro-
cedure was recommended far separa-

tion of rcu's from pesticides. In this

pracedure for biosamples, the sample
is extracted with hexane as in regular
pesticide analysis. It is then partitioncd
with acetonitrile to remove fats, the

cleaned-up extract is passed through a’

Fluorisi? columin and then through 2
silicic acid column. Finally, the sampie
is amalyzed by gas chromatography,
with a chloride-specific detector. In this
way the pesticides are retained on the
silicic acid column for later elution and

. identification.

Research needs

To assess fully the significance of
ren's as eavironmental pollutants, ad-
ditional rescarch is necded. No one
really knows the extent of the chronic
effects of these chlorinated hydrocar-
bons. Some problems that need to be
considered are:

»  Although rca’s are known to ac-
cumulate in human organs we do not
know at what concentration they will

.

L « ctection

v ren's were ot discovered 1 environ-

~7 mental samples ustil very recently for

several . reasons, Tirs, ax  ndicated
above, they have not been deliberately
distributed abatt the ceosysiem.  Sec-
ondly, hecause of their relimively fow

" acule toxicities, their presenve was not

immediately evident. Finally, they are
diflicult to dutect analytically,

_ The pep's were- first detecied as in-
terfering peuks in the. gas chromato-
graphic analysis (GC) of environmental
samples being analyzed for chlorinated

_ pesticide residues. When Pca's are pres-.

ent in 2 sample they give a pattern of
severul Ge peaks, whose retention limes
are similar to those of dicldrin, bpT,

DOE, aldrin, and heptachior oxide. Be--

eause the peaks were not large or
sharp, investigators tended lo ignore
them until S, Jensen, in Sweden, and
R, Riscbrough, at the University of
Cilifornia st Berkcley, ideatified them

- a5 correspending 10 common conslitu- -

“ents of environmental sampics being
‘\ ndyzed for persistent pesticides.

‘The problem of the interferences of
¥cu's with the analysis of oth.s chlori-
dated pesticides hus been lurgely over-
come by prior treatment of the sam-
Ple. Several investigators have used

chronic cffects be similar to thosc
shown in animais—microsomal c¢n-
zyme activity, calcium metabolisin in-
hibition, and so on? What arc other
possible chronic efleets? :

* .Which of the muny PCn come
pounds in the commercially availubie
mixtures are responsible for their tox-
icity? Can commcreial pon.mixtures be
modificd to climinate the toxic com-
poncnls? Pure samples are required to

answer these questions. At the presenat

time work is continuing at the F\WQA'S
Southeast Water Laboratory 10 sep-
arate cach of the Aroclor mixtures into
its many components, and to identify
cach component,

* We need 10 know ail the uscs for

‘the rcu's. What is the annual produc-
tion of ren’s? OQur knowledge of these

facts is limited and recds to be ex-
panded. These facts should be known

if we are to accurately determine how

they get into the environmeot, and take

steps 1o prevent further environmental . -

contaminatian by them.

» In view of the complexity of the
jsolation and accuratc quantitative
analysis of pcp’s in chlorinated resie
dues, a straightforward, unambiguous
measurement of them necds o be de-
veloped.
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* What is the fate of pca's in nax-‘

ural waters? More needs 1o 'be known
of 1heir partition coufficients hetween
buttom sediments and water. This is
vital if we are to estimate bow lony it
will tuke for a river bed (o clean itself
of contanmination. It will also be uscful
when assessing the effects of PCD's on
marine Jifc that -fecd on the bottoms of
lakes, rivers, and cstuaries. We should

- also lcarn more about-pcs solubility-in

water of various ionic strengths.,

* Arc present wasle treatment sys-
-tems adequate to handle pe's? Da spe-

cial measures need to be taken when
pcu's are part of the waste efflucat be~
ing treated?

By trying to get some of tbese an-
swers now, we may find that we are in
a position to control the escape of
PCR's into the environment before ad-
ditional damage is done, So frequently,
action is taken only after it is evident
that massive damage has resuited from
a particular pollutant. In the case of
the pce’s we may have an opportunity
to resolve the situation before. taat
happens. .
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