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and persistent

Intensified research is needed to minimize their dangers

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

Duﬁng the post three years, a ' numbered positions of the bipheayl  Areclor, PCB’s are 8lso manufactured

special class of compounds, called
polychiorinated biphenyls (pcn’s), has
claimed the attention of ecologists and
pesticide amalysts in. “this country,
Those compounds were not discovered
in the environment until 1966 in Swe-
den and 1967 in the ULS., despitc the
fact that they have been avaiiable com-
mercially for 40 years. interest in PCB'S
has avisen because they are frequently
found in fish, bird, water, sediment,
and other environmental samples when
such sampizs arc cxamurcd fot chlori-
nated pesticide residue.. That a wide
variety of somples contiuning PL's has
been colliccied from England, Scandi-
navia, The Nutherlumds, Antarctica,
Central America, and many different

“parts of the U.S. makes them truly

ubiquitous poliutants.
Polychlorobiphenyls are made by

substituting chlorine atoms for one or

more of the hydrogen atoms at the

The Monsanto Co, stated recenily in a
letter 10 Congressinan William F.

structure.

in the process of replucing hydrogen
atoms. with chlorine atoms, a large
number of substitution, combinations
arise. For example, three monochloro- -
biphenyl isomers are' possible, 12 di-
chlosobipheny) isomers,; .21 " trichioro-
bipheayl isomers, and co on, Theoreti-
cally, 210 compounds can be prepared
by this substitution process; a typical
exampic would be 2,4,6,2'4-penta-
chlorabiphenyl.

Whenever aromatic  hydrocarbans
such as biphenyls are chlorinated, the
produst is 2 mixture of compounds, in-
cluding isomers. It is quite dificult
to synthesize single, specilic chloro-
biphenyl compounds in the laboratory
uniess involved progedures arc em-
ployed, Consequently fow of the indi-

in Europc and Japan, under 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.

Propearties

The threz most 1mportant physical
propertics of the pcB's are Jow vapor
pressures  (thuy have high boiling
~oints), low water «olubility, end high
dicicetric  constanty  They are mise

vible with most oryanic solvents kad

compatibl: with many typss of ‘Boly-
mers. Although some individual pl)-
chiorobiphenyl compounds are’ ciys-*
talfine, the Aroclor mixtures are either-
iquids or resins, '

The chemical Sroporties that make
pca's desirablc indusirial materials are
their excelient thermal staklity, their
strong Ttesistancs 1o both icidic and
basic hydrolysis, and :aeir general ine
criness, They are guite resistant 10

oxidation, Monsanio reports, o a teche

nical bulletin on Peu's, that they can
be heated to 140° €. under 260 p.s.i. of

.

9 Ryan of New York that as of August vidual compounds have teen prepared | oxypen pressure “without showing any
5 . 30.it would ne ‘onger sell Pev's 10 in the purc form for study. . evidence of oxidution as judged by de-
=] customers for use in g:neral plesticizer ‘In the commercial process for &3 velopment of iy ar fo:~.ton of
- operations where dispusi ! of the end- manufacture, biphenyl- s chlorinuted sludge.”

E,‘ products canriot Se cont olled,  fter with anhydrous chlofinz in tal! cy- - The physioloni-al propertic of the
% some lap period—the t:ne it taxes to hindrical towe:s with cither iron Silings’  pep’s make them noientially sig-ificant.
= eventually dispose of iz »rudur:s or lerric chionee as the cacnlyst The  conlaminani o wa nviroris. st For

mwle from vC8’s and cu- reany in by-product is hydrogen chloride. the  any poliutant, tw-- I.ciors are im vived;  «

Processor's uivenlories— i ¢ quunuly
Of YOOy getting into the environ nent
may be substuntially red:evd. 1}
Monsanto’s former customers b ok for
PCB subsiinutes, rather “haa purc nwing
PON'S from aranufactin s in Ja -an
amd Lwrope, the projected decronse
could hecown,: a reallty

tari G, Guvalon
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product is 2 mixtuce of several Puon's.
The degree of chiorination s deters
mined by measuring the specilic gravity
of the mixture o1, when the product -
is more viscous, the ball-and-ring softe
cning-point test is used, The wi sle pro-
coss tukes from 12 10 36 hour.

In the US,, the sole manufacturer
of rew's is the Monsanto Co.,
markets them under mc tradx. name

dea 0 @P-

which =

acule toxicity, ~hici. is hman. acely
evident becass uf o high deail c.ic of
other niuiming eiicet, wné ch. 2oy
icity, which m e -t of o ot aee
cumulrjon of the ool in the D0y
and s T subleth.  sfect. Wherever
acute oKicHY is . 5, o podittant Wl
be readily reeogni.od and < epreniawe
remedian actions wid he introduced.
on the other hand, acute toxicity is low,
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ehe physiodogical effects will go un-
anteat unil the chronic eifects make
Cemegcives evident, When this happens,
prublem may have advunced be-
“yond immediate or easy carrection.

Acute toxicity

All studies of per’s in animals indi-
cate that acute toaicity is not a signifi-
cant factor. Their acute toxicities are

“.on the order of 1hose of other chlori-
nated aromnatic compounis. Monsanto
has spansored two invesiigations of
the acute loxicities of Aroclor mix-
wres. In the firs, at the Keltering
Labaratory at the Univenity of Cin-
cinnati. Dr. J. F. Treon and his co-
workers investigated the toxicity of
Aroclor vapors for guinca. pigs, mice,
rabbits, and rats. All animals survived
2 24-day cxposurc to 0.83 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-
focts from Aroclor 1232, 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
~onths no significant  abrormalitics

“Jivldrin ot boT, As with fish, their 1ox- ‘

icity appears 1o be ioversely propor-
tional (o the LX\IOHI.L content of the
mixture.

Bused on the above data, it is une
_derstandable why the polychlorobi-
phenyls, conumercially available for
40 years, have only recently attracted
attention as toxic environmental con-
1aminants., .

Chronic toxicity
The chroaic toxicities of ren's pre-
sent a more disturbing situation; several
chronic cfiects have been observed. It
" was discovered, guite by accident, that
rcB’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
of which had been freshly painted with
an epoxy paint. Carcful 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 characteristic effects
as chick edema factor. McCunc re-
ported: "Gross pathology included hy-
dropericardium, hydroperitonivm, cn-
K : idnovs. and

~ Similar studies on fish have beea per-

Jormed 1n several luboratories. Dr.
“Richard Schoettger of the Sport Fish-
eriecs and Wildlife Fish-Pesticide Re-
search Laboratory in Columbia, Mo.,
Teports that 96 hour-Tl., loxicities of
the Aroclors to trout range from 1,17
10 60 p.p.m. Comparcd (o onT, whase
96 hour-TL;, 10xicity 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-TiL., for
Aroclor 1248 is 0.278 p.p.m., while
that of-pnT is 0,008 p.p.m. Areclor tox-
icities appear 10 be inversely propor-
tional to the chlorine content of the
mixture.

Sheflfish, oysters, und shrimp arc .

more sensitive to pew's, Dr, - Tom

Duke, at the Bureau of Commercial
Fisheries Pemicide Ficld Station, re--

ports 100°* monality of juvenile pink
shrimp exposed to 0.10 p.p.m. of Aro-
clor 1254"in water for 48 hours. This
concenttalion of Araclor 1254 wiil
Twse o L%, ddeerease in shell prowth
{ vystess afler 96 hours. To. achicve
the samc etlects with onT in these ex-
periments, only 0.0006 p.p.m. and 0.01
P-pom., roapectively, were reguired.
There i very little evidence that
POI'S are loxic 1o insects. Studies 10
date show shut they are lese foxic than

.hcmorrhzgc of imternal organs. Mi-

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

Another chronic effect of Pcu's-is
relaled in wildfowl. The accumuiation
of high concentrations of chiorinated

hydrocarbons in birds resulled in dis~

ruption of normal breeding behavior
and in the formation of thin-shclled
cggs. A dramatic cxample of this eficct
has becn observed in the case of the
brown pelican. On the Anacapa Islands
off the Californiu coast, no young wese
hatched last year from 300 pairs of
nesting birds, The sheils of most eggs
laid "were so 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 rescrve in
the bird; the other is the inability of

the bird to deliver the needed caicium

to its oviduci, wherc the egashell is
forming. The calcium level in the avian
biosystem and the calcium reserve in
the sccondary bone struciure or medul-
tary bone, found only in female birds
when they are breeding, are controlied
by the hormone estrogen. A high es-
trogen level is associated with the for-
mation_of this caiciam reserve, Chlo-

rinated hydrocarbons, suck as DDT,

iy

"')“;
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LM, R, AL BUIS, activate
chzyines i the lever whaeh tranaforn
\‘\h-\\;‘.:h witer-sohibhe
compoud i w8 readily clhiminated
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Yoo the bird’s mwhy, “This means that -
when estrogen devels are Jow, calcium

resenns will abo b Jow, and thepe-
fore wery Jitle caleanmy will he avail-
able for srong epeshell production,
Dieldrin and pci’s arc more ellective
than woT in this type of eazyme-induc-
tion activity, Aroclor 1262 has an es-
tradiol degrading potentiul four to five
times that of p,p-nDE or technical
grade oot )

The ability of the female bird 10

_deliver caleium o her oviduet during

the last- 20 hours, when the egpshcll is
being formed, is related to the {unc-
tioning of the enzyme carbonic an-
hydrase. When birds that have ex-
hibited the ability to lay normal cgus
are injocied with a metabalile of prT
{PnE} just prior to the formation of
the eppshell, they will lay thin-shelled:
eges. This indicates that poT abo in-
hibits the activity of carbonic anhy-

_drase, the enzyme that controls the

flow of caleiuny from ihe blood stream
of the bird into its oviuuct, )

Since diehdiin seetns to have no
effoct on carbonic arhydrase. we may
assume that aeither do the rei’s. Howe

-~

ever, thase compounds delay breeding
time significantly. Many ornithologists
feei that late breeding has a stronger
influence on the reduction of bird
populations than docs the laying of
thin-shelled- egys. If this is true, rcu's
arc a more potent threal than LLT (0
our dJeclining bird populations, es-
pecially for predatory birds that ac-
cumulate fairly high levels of ~cn’s be-
cause they eat smaller animals that al.
ready have concentrated PCa'’s in their
OWnN lissues.

Other investigaion have produced

evidence to show that rea's are simie -

lar to poT in their activity. Dr. Joseph

“Street ut Utah Stste Univensity has

shown that when pea's accumalate in
the liver, they induce microsomal cn-
zyme nclivity by bringing about more
rapid metaholism of drugs, insecticides,

and other forcign compounds. He fed.

rats a-diet containing Sv pp.am. of
Arocior 1254 or Arochar 1260. Aftcr
10 day. on this dict. the test animals
were administered hexobarbitol at a
dase of DO p.pm. lo induce sleep,
In comparnon with a control group,
the slevping lime for these rats was
reduced by 65 to 80%., Strect also
found that Aroclor, when led at thic
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same level, will reduce dieldrin. stor-

age in adipose lissuc by 90 10 95%; in-, .

crease 2niline oxidation by 200 to.

. 300%; and increase EPN detoxication

by 430 to 470%. In addition, the pcp’s-
cause activation of orgunothiophos-
phate compounds, which adversely af-
{oet the system. This latter cffect coun-

. lerbalances the detoxificution of dicl- -

drin, .
Normally, when 2 subsirate activates
an enzyme, it is converted to a water-

- soluble form that will be clinvinated

from the system; however, this is not
the case with ren's. Because they re-
main in the system for prolonped pe-
riods of time, their enzyme induction
activity is slways present. In this way
the normal concentration of important
body chemicals may be lowered 1o the

M
. vy,
g _7 s “\ m

point of bringing about malfunctions
in the system. For example, Streat be-
lieves that the rcu's bring about sieroid
degradation, which can lead to altered -
endocrine relationships.

The chronic toxicity 10 man is as
follows:

Like the chlorinated naphthalencs,
the chlorinaied diphenvls have
two distinct actions on the body.
namely, a skin effect and 3 WNie
action on the liver, The. lesion
produced in the liver is an acute
yeilow atrophy. This hepato-toxic
actiop of - the chlorinawed  Ji-
phenyle, appears W be increased
if there™ds exposure 1o carbon
tetrachloride at the sume lime,
The higher the chlorine corzent of
the diphenyl compound, the more
toxic it is Jiable to he. Onudes of
chiorinated Jiphenyls are more

MON-MT-Q03188
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1 Other ines o Pen's inchiudie uly

sonie than the unosidized  ma-

LW wils

Tae shin desion “is hoown as
Clindienic. and coinsty ol snadl
pesrples and dath pimmenttion of
the «\m\ml KTV uulmlly Later,
coticdanes atd pinties develop.
In persons who  hawe  sullered
syabvitic intoaiction, the  usoal
gy and syYmplonis are natsea,
vomiting, loss of waight, jasndice,
adema,  and  abdoiinal - pain.
Where the bver damage has been
severe, the patient may pass into
coma and die.

Sax, N. Irving, “Dangerous Pmp-
crties of ladusirial Marerials,” 3rel

ed.. Van \mlrnml-RmmaId. New
) ork, 1968,

The ubiquity of rca's is relatéd to -
the wide specttum of applications that - -

have been found {or them. The largest
sunale wse of vea's is related to their
electrical propertics—as coolant-insu-
lation fluids in transformers. For this
purpose the -Aroclors are also sald
under such trade names as Chlorextol
(Allis-Chalmers Mfg. Co.), Dykanol
(Federal Pucific Electric Ca.), Iner-
wen (Weslinghouse Electric Co.), No-
flamal {Wugner Electric Co.), Pyranal
{Generul Eleatric Co.), and Thermi-
nol {Monsanto Co.).

won ine halluss {ar (uorcscent fix-

foowires) imprepaision of colton and as-

bestos far braided insulation of elec-
trical wiring: a plasticizer in wire and
cable coatings; capacitors and askarel-
type ransformers; and plastiozers of
viny¥l chloride polymer films. Becausc
of their thermal stability and fire re-
sistance, the ren's also find application
in high-pressure hydraulic fluids, spe-
cialized lubricants and gasket sealers,
heat trunsfer agents, and machine (ool
cutling oils, Miscellancous uses in-
clude: formulation into some epoxy
paints; proteetive coatings for wood,
metal, and concrete; adhosives: and in
catbonless reproducing paper. One of
the primary manufacturers of carbone

Iess reproducing paper also-scils Aro- _

clors in an encapsuluted form.
Generaliy the kinds of applications

dgacribcd above mean that the peu's

will be in many types of products that

eventually find 1heir way to the domes.

lic market, When used in manuntacture
of ballasts 1or fluorescent fixtures they

I be found iiy kitehens, bathinoms,
shares., and offices. throughout the coun-
try., Wherever oflice forms are used
that do nat use carbon paper, one may
find pca’s formulated into the micro-
capsules of dye that comprise the re-
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Gas chromatogram A is of a sta::dard pesticide mirture, 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. f
Gas chromatograph (Packard 7620) conditions: gas flow 80 ml./min. nitrogen; tem--" - '
peratures——over, 210° C., infet, 230* C., detector, 218° C.; Ni* eh.ctron capture !
detector; 5° x ’/. glass column packed with 8% SE-30 on Chromosorb Q 80-90
mesh. - . .
. MON-MT-003189
producing layer of the bminc{» form.  the. cnvironment. Rainwater in Ene e
pen's have also been found on the  gland, browa scals ol the coast of
transparent receipts used in credit card  Scotlund, white-tailed cagles in -Swe-
charge forms. As plasticizers tiey can den, cod inl the Baltic Sea, mussels in
be cxpected to appear in many con=  The Netherlapds, adelic penguin egps
sumer plastics, in the Antasctivg, brown pelican cpos
Since the chronic toxicities are »0  in Panama, Arciic lerns, shrimp in
significant, it becomes important 10 Florida, river waier in Japan, waters
know just how cxtemsively the pen's  in the Great-Lakes, human hair, and
are distributed in the ccosystem, and  human adipose tissuc—santples of all
just how they find their way into  these have been found to contain PCB's.
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disperd pallutants,

Readily atsorbed

Yhe propenies of P that make
thew  industrially  wsetul ave the
same properties that cause them o
persist in the environmient, These in-
clude: thermal stabiliy, resistance 10

oniddtion and hydroivais,” solubidity in

a wide range of orgame sofvents, water

insolubility, high diviectric constant, -
and compatibility wih many 1ypss of

macromolecules, Thewr sesistance to
osidation and hydraiysis also makes
PCB's more stable and persistent than
onT. Consequently, they could even-
tually accumulate to a higher concen-
tration than ppT, espocially if the use
of poT is sharply curtiiled in the U.S.
The solubility of »on'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 chenucal degradation
explains their persisicnee in the en-
vironment and accunu:lition in animal
tissue. The latler effect is cnhanced
both by their insolubility in water and
solubility in organic solvents. Their
chemical ineriness and resistance to
metabolism  account for their low
acUle toxicily, But us they slowly

"_buiid up in_a livi

€
\

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

It has been cstablished that fish-eat-
ing birds will accumulate large concen-
tiations of rcn’s, as in the case of the
white-tailed eagle, which has been
found to bave as muck as 14,000 p.p.m.
of pCo's. Pereprine [alcons, 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 1D p.p.b. of Arocior 1254 for 48
heurs, they accumulated 1300 p.p.b. of

.PCB's, which represents a 130-fold con.
centration in n very shurt time, Oysiers, -
exposcd to an identical concentration

of Araclor 1254 for 96 hours and then
placed in pen-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

-PCD's are in the parts-per-billion range
in the cnvisonment, their high lipid

solubility caunes them to-colfect in (atty

“tissues of lower aninsals und marine

Jife. Therefore, apecivs at the top of a
food chain will alvo qeemulate ren's
in their bodies, paweuiarly o their
lipid tissune astad diver, o ich the sume

.

SI8  Eavironnesisl Schosww & Tocimniogy

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
aren, - '

Accidontal sccurrance

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

iz the only way its insecticidal proper- -

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

stroyed by our usual waste disposal.
methods, Thus, they inadveriently ese

capc and become widely dispersed.

In Swesden, wheee the wse of o
has heen hanned, and where the miain
pawer sourcd is hydeasicetrie, inveslis

£

T4 THE EONCCRTZaNc
PCB's in the cavironment is as hi
that of DDT.

There are several ways by v
PCB'S pet into the ecosysiem. O1
these is by incineration. Products
taining pco'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 fixturcs, and objects coated
pco-formulated coatings, all find
way to the city dump or iacine
for burning. The rca's do not bure

_are vaporized. They are then ¢a
into the atmosphere, where they ¢
on particulate matter and are st
quently returned 10 the surface o
carih, into the rivers, lakes, and oo
In this way they become widely
tributed throughout the global eawvi
ment. Another souree is probabiy
run-off from industrial wasics
dumps. A .third source is the poin
manufactore and the plants w
TCB's are processed into other pradi
They can eseape through the plans

\tﬂaliun and exhaust systens into
atmosphiere amd througly its waste 1
end aystent into sewens or ditectly
walenvays, - :

MON-MT-003180
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AP A S o .
© o i miteresting to nole that the inci-
e .!.‘n\l‘ of rPei’s m eavironmcntal san-

“ten s Bighest in mnhistriahzsd and ur- -

dansaed iy Bids whose primay
" pahitat is the Nan -Fracisco Lay area
; (: a larger conventiation of rew's
~pér unit of body weight than those foe
©eated in Baja, Calif,, which is vom-
pletely sural. Aquattic Lifg in the Archi-
pelago of Stochholm, the nmiost indus-
wriatized arca of Sweden, were found
10 have a higher concentration of rex's

thian fish samples taken from 1he west- .

" srn coast of Sweden, a less developed
area, Sediment sanmiples taken from
southern portions of lake Michipan
_have a higher concentraiion of Pen's
than those from other parts of the lahe.

Monsanto siates that until a receat
change in marketing policy (rec inset,
page 814), sales of Aroclors were in-
creasing at the rate of 8% per year.
While this increase does not seemy sia-

~ nificant, it may be importaat if the in-
creased consumption was in consumer
products and thus would find their way
into our normal solid waste dispos.d
systems. Such an occurrence would
mean a definite increase of PCR residucs
in the cnvironment, and therefore a
marked increase in their chronic tox-

ity eflects. :

column cl.romalography o scparate

pen's from chiorinated pesticides, At a

recent auching,  spomsored by the
Fwvoa's National Waier Quality Jab-
oratory, Datuth, Minn., v general pro-
cedure was recommended for separa-

tion of reu's from pesticides. In this

pracedure (or 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’

Fiuorisit column and then through a
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
PCR's 85 environmental pollutants, ad-
ditional rescarch is necded. No one
really knows the extent of the chronic
effects of these chloripated hydrocar-
bons. Some problems that nced to be
considered arc:

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

v « ctection

3 pen's were not discovered 13 environ-
"mental xamples until very recently for
wveral . reasans, Piest, ax  ulicaled
above, they have not been deliberately
distributed abaut the ceosysiem,  Sec-
ondly, hecause of heir reliively low
" ucule toxicities, their presence was not
_immedintely evident. Finally, they are
diflicult 1o dutect analytically,

The pon's were-first detecied s in-
terfering peuks in the. gas chromato-
graphic analysis (GC) of cnvironmental
samples being analyzed for chiorinated

_ pesticide residues. When pca’s are pres-.

ent in 2 samplé they give a pattern of
several Ge peaks, whose retention limes
are similar to those of dicldrin, DDT,

DOE, akirin, and heptachlor oxide. Be--

eause the peaks were not large or
sharp, investigators tended to ignore
them until S, Jenscn, in Sweden, and
R. Riscbrough, at the University of
Cilifornia st Berkeley, ideatified them

- a correspending to common constitu- -

“ents of environmental sampics being
nalyzed for persistent pesticides,

The problem of the interferences of
Pcu's with the anulysis of oth.s chiori-
naled pesticides hus been lurgely over-
come by prior treatment of the sam-
Ple. Several investipators have used

chronic cffects be similar (o those
shown in animals—microsomal c¢n-
zyme activity, ealcium metabolism in-
hibition, and so on? What arc other
possible chronie eflects? :

* .Which of the many PCn come
pounds in the commercially availuble
mixtures are responsible for their tox-
icity? Can commicreial per.mixtures be
modifid to climinate the toxic com-
poncnts? Pure samples are required to

answer these questions, At the present

time work is cantinuing at the F\WQA'S
Southeast Water Laboratory 10 scp-
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 pcn’s? Our knowledge of these

facts is limited and recds lo 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 .

contamination by them.

» In view of the complexity of the
jsolation and accuratc quantitative
analysis of pcp’s in chlorinated resi-
dues, a straightforward, unambiguous
measurement of them needs to be de-
veloped.
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*  What is the [ate of Pcr's in nar.‘

ural waters? More needs 10 'be known
of 1heir partition coeflicients between
butlom sediments and water. This is
vital if we are to estimate bow Jony it
will take for a river bed (o clean itself
of contamination. It will also be uscful
when assessing the effects of PCD's on
marine lifc that-fecd on the bottoms of
lakes, rivers, and estuaries. We should

- also icarn more about pcs solubility-in

water of various jonic strengths.

* Arc prescnt waste treatment sys-
-tems adequate to handle peB'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 these 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 resulted 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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