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| POLYCHIORINATED BIPHENYLS (PCB) D 262

*  Polychlorinated biphenyls (FCB) consist of a mixture of
:\’P"““d' only slightly :oluble in vnter, highly solublo in fats, oils,
ol nmpollr uquids, and highly x-uhtant to both helt and biological

Jgradation. PCB have a wide variety of industrial uses, primarily as

taaulating fluid in electriul and heat tnnlfe: equipment (Interdep-rc-

SN
sental l'uk Force 1972)..° ' '.
’ Bxposure to PCB 18 lmown to cause skin lesions (Schwartz

y -

104 Pack (1910 ) and to increase liver enzyme activity that may have a, ._

T
sscondary effect on relproductivn processes (Risebrough et al, 1968, -
street et al. 1969, H;s-ermnn et al, 1970). It is not clear at this
time whether the effects are due to PCB or its contaminants, t'he7 chlori- vy
sated dibmfofufms that are highly toxic (Bauer et al. 19 1:-;&'“1: 1968\.
Yerrett 1970). Ié is also not known whether the chlorinated dibenzofurans
are produced by degradation o£ PCB as well as during its manufacture.

The occurrence ot PCB in our waters has been documentcd re-
i a2 Sasz 17

" pastedly '(New Sctentis 1966, Holms et al. 1967, Risebrough et al, 1968,

7 P 242 o Y
Jengen et al. 1969, Xoeman -: al.. 1969. Schmidt et al. 1971 Veith an Lee
T . ‘iﬂ‘”c'—/
1921). They have been luochted with sewage effluents Olalden 1970,

T2 -

1M

Schmide ct al, 1971) and rainwater (Tarrant and Tatton 1968). as well as

releases and lciklge. Failures of closed systems using PCB have caused
A%

soue of the wmore wvell known releases (Kuratsune et al, 1969 Duke et al,

19?6)/’ It has been reported that the defined treatment ptoceu does little
QF--é

or nothing to remove PCB (Ahling md Jensen 1970),
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An qpldeuiolegienl study on severe poisoning by rice oil
MFMnat;d with polychlorinated biphenyls in 1968 indicated that
shout 0.5 grams ingested over a period of approximately one month was
sufficient to cause the Yusho digease. Many of those affected showed .
g0 signs of relief after a‘bout three years (Kuratsune '/u: al. /196‘1 S
price and Welch (19\314have estimated on the basis of 194 samples that
A!.‘-‘I:S “ptr cent of the general population of the U,S, may have PCB lcvcll
of 1.0 mg/kg or higher (wet weight) in adipose tissue. Therefore, it

sppears that PCB may accumilate i{n the body. On this basis it can be

. calculated that a daily intake of 0,02 mg would require about 70 yaars
t N

to be toxic. Applying a factor of safety of 10 would permit a daily intake
of 0,002 mg, and assuming a two liter per day intake, u_ﬂg;eits a permissible

v/
concentration in water to  be 0.001 mg/1.

" However, evaluation of the retention and accumulation of PCB from
vater instesd of cu. in bumans is highly desirable. A itudy on rats with a

single oral dole of 170 mg/kg showed urlmry excretion (of PCB) to be limited,

-vhile 70 per cent "of the dose vas found in th- feces during an eight week period

Ko =2
(Yofhimuu et a1. 1971, Infomt.ion on PCB in-the diet would also be helpful.
M- ndatlon B { v . ’

o

'laenun too little is lmmm about’ the levels in vnten. the re-

tention nngl lation in } N lnd the cffectl of verv lov eaten of

7

illig'e‘lt'io{\,‘ no. defensible recommendation can be made at this time.
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organisms also apply to wildlife in order to provide protection in
\ .

Jocal arcas, . I-' )
((‘[" ,,_'[

POLYCHLOIJT\ATED BIPERENYLS !PCB ) ¢

Evidence s nccumulltinu that PCB does not contribute to the
shell thinning that has been a major symptom of the reproductive
faslures and population declines of raptorial and fish-c.nting birds.
Dlnt.ary 1CB produced no shell thinning of oggs of Mallard Ducks '
‘(Anas plityrhynchos) (licath et al. in nté;s 1972), nor did 2(? have any effects
on eggs of Ring Doves (Streptopelia risoria) (Peakall 1971). A PCB

effect 'cuuld not be associated wth the thin;ting of Brown Pelican
(Pesecanus occidentalis) eggshells (R!.sebrougix:'f"n g’x“g\;s 1972). ©PCB my.inctcau
susceptibility tp infectious agental such as virus dise;ases (Friend and
Trainer 1.970;‘.Y Like other chlorinated hydrocatbom),\m increases the
activity of liver enzymes tha.t degrade steroids, including the sex
MM«. (Risebrough et al. 1968‘;4 Streat ct al, 19686)1. The ecological
significance of this p}-enomcnon is not clear, .- i .

Becnum laboratory studies have {ndicated that PCB with 1:- de-
rlvnti;rcn or metabolitcs, causcs ecmbryonic dcath of bixds (Vvl et al. 1970 ; 7
. Y/

Vos and Kocemon 1970; Vos in press 197275 / Peakal et al. in press 1972) an be-

cause cxceptionally high concentrations are occasionally found in fish-eating

. . (24 iy
and raptorial specics (Riscbrough et al., 1968; Jensen et al, 1969){"

it fa highly probable that PCB has had an adverse effect on the
reproductive capacity of some specics of birds that have shown

population declincs.
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" mination of PCB in envirommental samples, it is recommended that

Median 'PCB concentrations in whole fish of eight cpecies

n\:' LR 1Y l-/\: i __( .
f£rom Long Island Sound, obtnincd in 1570, were in the order of oue N ’
Lnglkg (llays and Risebrough 1972), and comparable conccnttat:lom-huve

boen reported from southern California (Riscbrough 1969). On the

) basis of the high probability that PCB in the environment has contri-

buted to the reproductive failures of fish-eating birds, it is

duirlbla to docrease these levels by at least a factor gf two SQe . »,/’("'
20 ;"

. Suction III on Freshwatet Aquatic‘l.ifa and Wildlifc PP. 000).

Raeumcnd_l_t_:lln_ . . .

It 1; vecormended that PCB concentrations in any sample J/
col;liccixxg of ? homogenate of 25 or more whole fish of any spccies
that &s consumed by fish-eating birds and mammals, within the same

size range as the fish consumed by any bird or mammal, be no greater

than 0.5 mg/kg of the wet weight,

In the absence of a standardized methodology for the deter-

estimates of PCB concentrations be based on l:he- eo'nmerci.al Aroelov.®
preparatioa which it wost closcly resembles in chlorine composition.
If the PCB .cmniaosit:lon should resemble a mixture of wore than one
Atogl.oz.@, it should be considered a mixture for the basis of quanti-
tation, and the PCB concentration reported should be the sum of the
component: Arocloxm equivalents,

DDT_COMPOUNDS . -

e e e
Bl

T p ls have b widespread and lecally abundant

pollutants in coastal and marine environments of North America.
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oRNATED BIPHENYLS e
polychiorinated biphenyls (PCB) have been found in fish and wild-

Y ay e
s

W. pany parts of the world and at levels thct may adversely ‘Ihct
<1~ M ALy e \“]5' .
Mulnisn- (J-nun et al. 1969: Hollut, -Simmons und*!'ntton 1967 =

. v
M: ale 1969. Riuhrough et al. 1968)?" l'he environmenul occurancc,

W and present toxicological aspects of PCB were reecantly tevlewed by 1y

33 &1 2 \337~
and Lincer (1970), Gustafson (1970), R.ilebtwgl\ (1970); and
\ 3% . H o .
e QT o A T

1,
llphenyl: luy have one' to 10 attached chlorina atoms, mking pouible
© N2,
04)"‘“ 00 coppounds (Gustafson 1970) " PCB occur as residues in Eilh?\nnd

“zably al¥o m water, as nixcutes of chlorinated Mphengl isomera as ohoﬂz‘
‘\/abh 111—15 (Stalling and Johnson, gmgl_i_gMa_ 1970, Sl:nlltn; tn g_r:;l)
Aillysu of PCB_ has been accomplished by gas chromatography after
"W?ca from puticidet._ A separation method has been dezcribed
b«aﬁnm and Burke (1970) *und modi f1ed by Stalling and Huckins (1971). =

CL Y using lepnntton on a char«:.oal cqlun{_:y shown good reproducibility
(e' ﬁlnk a.ndz N Rées. personal cor@upichito:\)‘., No standardized su-ilquid
%d has been propoud for the lmlylia of nixtures of

?CB in envlronmnul uuplet. The solubillty of thau formulatfons in watet

i
v&éﬂ" st . been prucuely determined, but is in the range of 100 1 1,000 yg/1
7
(M;z; 1970). Stnca PCB have gas chromatographic characteristics

«4r to many organochlorine pesticides, they can cause serfous inter-

6 e in the gas chromatagtnphic detemtnation of chlorinated insecticides
\ X . . .
(ﬁ\ﬁﬁuuzh et al, 1968)/
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‘ TABLE I1I-15

Ombogition of PCB residues in selected fish samples from the 1970 Natiomal Pesticide Residue Monitoring Program
N ] - ° - s
. PCB Residue as Aroclox® tyne (ug/s vhole body)

dver - Location Species 1232 1248 1256 1260 Total
hic . Cinctumati, 0. _ Carp Cyprinus carpio : 10 75 .42. 6.0 .133
to . Ciacimnatt, 0. . White crappie Poxims annulsrus 16 w2 5.6 66
dhie - . Marietta, O. Channel catfish Ictalurus . ) — ‘ . 5
S : - punctatis .. T %8, 23 1 49 77 o
dhio Marietta, O . Chamnel catfish . Sy 6 52 46 38 :
fazoo Radwood, Miss. . Smallwouth buffalo Ictiobus fo U * 3
' " bubalus i 7 - 14 - 713 =
Hudson " Poughkeepsie, N.Y. ’ Goldiish. Carassius 8urratus .8 173 32, - as
Alleghcny ' ' Natroma, Pa. © Walleye Stezostedizon vitreum V. ’ - 5.2 25 | 4.6 35 ‘
Delaware ' Camden, N.J. _ Wnite perch Roccus americanus - 8.0 6.8 3,97 19
Cape Fear Elizabeth Town, N.C. Gizzard shad Povosoma cepedisnum 19 - 2.6 1.1 23
Lake Ontario Port Ontario, N.Y. White yetr;h o - 13 - 4.6 1.2 19
Mississippl = Meophis, Temn. Drum Aplodizotus grumniens um oo 4.5 3.4 19 :
Mercimac - Lovall, Mass. e - e 1% 73 © 6 3.2 98




‘
| I n;o Monsanto Company,' the sole manufacturer of PCB in the v
b [#3

. . . P 3 .

./_

Mﬂt s (Gustafson 1970). markets eighc fomulatlon: of chlortmted
Wﬁler the trademarks Aroelora 12"1, 1232, 1242, 1248, 1254, 1260,

\"L"’?’)““ 1268. The lnt two digits of each fomulntion designate the per cent

Atoclor® 1248 and 1254 are produced in greatast quantities. They

4ord

w.d as dielectric £fluids in capacitors and in cloued-synem heat exchangers

(Wm 1970) Aroclo:@uaz is uud as a hydraulic fluid, and Atoelor®

|7.b0,| -s plasticizer, Chlorinated terphenyls are marketed under the

v

).
Viserk Axoc.:l(gr® 5442 and 5460, und a mixture of bi~“and terphenyls is

;2ated Aroclor 4465, The isomer compoliilonwnd chromatographic

Ch;marhticl of each !omulation have been ducribe,(l._by Stalling and

Wamﬁ Bn;ley,t

Py
eichol ,—and-(:romartie (1970)/ A contaminant -

e Sme

%an especially those manufactured in Europe, are chlorinated

' ¥4
I Gatrdne (Brungl personal eomunieatlon 1972)’ While these by-
‘L o4

(flu'luy ~

(s would appear to be extremely toxic, no data are available on

14
Mtoxlcity to aquatic life.

I)wi!.ethnl Toxicity L ' o i L

$Studies of toxicity of PCB to aquatic ox.';a.nhm are llni.ted.

They

Wtcnddeuble variation of toxicity to different species, as well as

{on with the chlorine content of the PCB.

o

Nevertheleu, some trends

toxic ehnnctert:ti.cl have become applrent. principally fron the .
' : s . D e
Ml’hyo: h described belows T TC

MONS
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. . . . (et . .
o t éh. higher the per cent chlorine, the iowet 11 the apparent
. 5 .~

toxicity of PCB to fish (Mayer, in grei"l « This was found in

- 154day intermittent-flow biou.uys using bluegills (Lepomis

pacrochirus) and channel catfish {Ictslurus punctatus) with /)’l,

Azoctor® 1242, 1248, 1254, . AI1'LCS5O valies Veré i the range ™~

*

et com comp e 4t ¢ W

10 to 300 yg/l.
o The bluegill/channel catfish axperﬁnem:l also 1llustrated

AR

,tlnt .n Lcso vnluen decteaud signtﬂcanﬂy uher. exposuxes .

—

. . eontinued from 15 to 20 days. The 96-hour~ :'I.QSO_‘gg a PCB to ,
£4sh cannot adequatcly measure its lethal toxicity.

1 { o The same testa showed that the tox'icity of Aroclo::@lzlos
| ;
.:af

doubled when the temperatpre vas raised from 20 C to 27 C.

To tnvcrtabrutu, Aroclor®121¢2 has about the ume ncute :oxicity
: :r % 285
2 1t has to fish. In A'Qnd 7-day tests (Suundetl, in nrcu)Ju killed
%‘l%ﬁ: 42 Fgll,fand crayfish (Cnmb!;u ) at 30 wg/1, with values that vere
Wﬁo tht 15-day LCSO tepﬁffo& 1 fot ]:l.uegﬂh. Hov.vu-, thcro 28 5:\ Y
KA e range 1n the reported nhort-tetm lethal levels of Aroclor®1254 for
. 2y,

. V7.
InWrebrates. Saunders (in presl))r;ortod —a_96-hour 'LEso. u, 80 pa/l

'ﬁ"""tr&yﬁsh und only 3);3/1 for glus :hri.mp (Paleomonetes) in 7fday tests;
: iy ot 20
Mmko. !.nwo-;—-and-wnnon,-—dr. (970) reportad that as lttle as 0.94 8/l
"o N4

lmturo pink shrimp (Panaeus duérarum). Part of this variation is
i:é cxposuie periods in the tests; part is no doubt the Quru-.'
: W .
Mn species response. Again this emphasizes the point that short-term

M!’ acute toxicities of PCB have serious limitations,

.
RE3

et e _ ' MONS 053238
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)htim animals may be more enny killed by PCB than freshwater

EppRpnse R  mesemnin

7 (see the-Panel—nport—on-mtine.Aquti;J.Lfe-and Hildufe, Sec:ion IV).

[ S semm e o e -y [ —

wwﬁ estuarine fishes (Lngodon rhomboiden and- laeiostomus xanthurus) were

D‘M“fot 14 to 45 days to Axoclor@ 1254, mortalities were oburved at

593{} (Hanscn, et al. 197!) - 'l'his indicated a toxicity lbout tea

imes grntar than auumnriud ‘above for treshwlccr !ub\ but

R u -
Mhe same as the toxicity for the marine cruxtncuqn mentionsd above.,

.

. —— | Sasndebaet bt ittt densnn b dee 4 L4 < ey e o e 4 \

)
4’M % Studies

t
Dietary e:posure to PCB uems to be less of a direct hna:d

-‘—o fish than exposure in water. Coho salmon (Oncorhynchus kisutch) fed

MOQ’I’;@ i254 in varying amount s up to 14,500 ﬁg/kg body weight per duy
mwhoh body residues which were only 0 9 to 0.5 of the level in

Hﬂ-« food nftor 240 days cf dietary exposure. Gr:mfth rates were not affe:ted,

v H»umn, all fish -exposed to the highest treatment died after 240 days expoaure;
Mlhyroid lctivlty vas stimulated in lll except the group treated at the

399,594~
losat concentration (Mehrle and GrantLungubushed data 1971)7

—————y o -
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: At present, evaluation of data from laboratory experiments

petir that .exposures to PCB fn vater xeprescntb a greater hnzlrd to
%whh.p dictary exposuxes. Rowever, m the environment, residue accum-
W . : beeanik

. o from dietary sources could be more important s.l.m:a\< PCB have: a

=

Wtﬁn!ty for sediments, and thenforc, they readily enter food

ed o .
M (mko w;,_andﬂnson 1970/ Ni.mo, et al. 197\3/
N

t SN

'. wes in Tissue ) .

N AY

; It is clear that widespread pollution of major watervays

-

) ucurredl\and that appreciable PCB residues exist in fish. When
pn,l?su of 40 fish from the 1970 National Pesticide Monitoring Program

vy pade, only one of J;he _£ish was found to contain less than 1)_:_3/; PCD
\ i e e cees m—e

(Sbll(ng lnd‘myer 1972 . Thc"m'ﬁl'ghe:t reliaue levels in™ " ‘

Lhoe o ulected fish ranged from 19 ﬂg/g to 213 pg/g whole body weight, 4

By contrut. residuen measured in ocean fish have been genenlly
37¢

v
M gg/g (Ri:ebrough 1970"/Jenun, et al. 1969)/ Between the ranges in

Mnnt fish umi those in mrtne £ish nre the levels of PCB
7L,

37t . )

us-ﬁbd,(n unl- (Jensen. et al. 19697 Holden 1970), nnd 1n the eggn s
. WK i

"hh-eating birda in North America (Ander,son et al, 1969 4Reynoldn 1971

Molhern ".T; 1971)/‘

In laborltory experiments)\crustacea exposed to varying levels’

0‘Cﬂtoclor®1256 in the water conccntrnte the PCB within their bodies more

Ahan.2o »000 times, The tissue residues may sometimes reach an equillbrium,

M.ln Gammnrus fasciatus PCB dfd not concentrate beyond 27,000 times despite an

MONS 053240
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38K,
i th‘”l 3-vesk -xpomu to 1.6 mug/l A:ocl.o:@ (Saundexs 1912 ’\/

ﬁ" Mu‘ut, ¥CB renlduu in cnynsh did not reach equilibrium after a

.

exposure., PCB coneentntion factors by two estuarine fishes,
2y sxposure, ’ ok
l‘wflﬁgmba{du and Lejostonus zanthurus, .u.o‘\-mu.r to that described

A€

dﬁ.ﬂmt” cructacennl/ —1(“'”“ 10,000 to 50,000 times the exposure levels
3720

mt (lhmen et al., 1971), It {s {mportant to note that these accumu-

l?'l‘“ oceured at water concentrations of PCB that killed the fish in
{glw is days. : L : L '

§ - Also gimilar were the aceunmlnion ratios of ’26 ,000 to 56,000 for

l,lvqﬂfl (Legoml macrochirun) chronically exposed to 2(15 ag/l of Araclor®
\7,% and 1254, Fnthead minnows (Pimephales promelas) chronically exposed to
M@ 1242 and 1254 for 8 weeks concentrated PCB's 100,000 and 200,000

-)vnu-tht exposure levels, respectively. Residues of 50 ugl/l (uhole,bo’dzv)l A
vesvited frow txpo:ure for 8 weeks to 0.3 yg/) Aroclor ®12541.\ These - /'
¢,¢faﬂncnu with bluegills cllo 1nd£cnted that the maximun levels of PCB
0rM-gonerally related to the concentration of PCB in the water (50,000 = -

200800 tines high_er) to which t'hcy were exp'osed (sgnlllng and l{uck_lns,)"- L
unpoblishea dn'.“/lszg.’y . L e o B
. t&tl on Reproduction - v B

PCB r.uldues in salmon eggs are apparently rclated to mortality

06‘”8_1- In preliminary investigations in Sweden, Jensen and his associates
L.

Bmy reported that when reiidues in groups of eggs ranged from 0.4

"0 ‘ﬁl\_g/g on a whole weight basis (7.7 to 34 /ug/g on a fat basis), related
mbaltlu ranged from 16 pef cent up to 100 per cent.

PCB concentrations in tha range of/.'b\ to 10 /25/1 in water interfered
w"”'*ﬁproducuon of uveral aquatic animals accord(ng to recent work of Nebeker,
S pd Toieron of et ® t
u?q‘“'lo.nd Del"oz (1971)’ About S e_g/l of Aroclor 1248 was the highest

Ne— ‘

. - C MONS 053241
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M";xm th-t did not affect taproducuon of Da ghnx magna and

gcudoliwnanul. In tests of reproduction by fathead minnows

10-2??0( u-t.her Aroclor@ 1242 or Aroclor®1256. Reproduetion
= sy
Mred at and below this- cm-concantution—vf Aroclor&lzkz and at dwd

-

M"&O mg/l of Aroclor ® 1254.

Rr? YR
;,{/,a‘utln nn:l.mnll s scarcely known, bul; the work of Jenun‘cJohnnnon.u—

‘ The nuocution between residue levels and biological effects
',701;;;; (1970)" suggested that about 0.5 yg/§ of -PCB {in whole salmon
T i
Ma(ght ba the threshold for egg nortnllty. Such a level in eggs would
«amociated vt.th levels l.n general body tiuue (e.8., musc1e) of 2.5 to
5"“/]-‘“‘“ residue in suscle ecrrecponded B the ‘present Food and Drug
Dindntluon level for allowable lcvell of PCB in fish uud as human
M Residues measured in the survey by the 1970 National Puticlde
M»ho;!ng Program were generally above 5 mg/g.
Applying a minimal utety factor of 10 for protection of the .
d“@tod populution, and for vtotection o£ other lpeclu higher in the ' R
‘iﬂ‘&cllun. would yield a maximum pemiuible tissue concentration of .
05'13/5 in nny aquatic organism in any habitat l_.ffeeted by PCB. -

QA%! Conpiderations and Further Needs ) . .

Another means of control would be julufied in view of t;lu
Wdty of PCB, the lack of knowledge about how it first enters natural
ECoystens as a pollutant, and its apparent dthstvribution. in high concentra-
410'5 in freshwater fish in the United'sntu. This method would be to
r‘i‘y”ﬂte ‘thc manufacturc of PCB and maintain close control of its uses .
'\"’a"ﬂd situations where PCB is lost to the environment. The Monsanto
. —_—
.a_lml! recently restricted the sale of PCB .for uses in which dis;;—; of
‘f‘ﬂ':‘_”\d products could’not be c;n:rolled. as with plasticizers (Gustafson,

VL
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“ !or Recommendat fohs
b »

Yor PCB levels in water, the most sensitive reaction shown by

ir%ic organisms is to the lethal effects of low concentrations con-

\ ve
Wprcunt in vater for long periods (weeks or months). Concentra~-
Wﬁ thé range of .l t'o"B mg/Y bave been shown to be’ latlul to levcul '

ES . L .
/ — il T esanse
; cm-ho vork of Hanlen, et al.” (1971) :3(( L T R
S aaye

% Huckings (ungubliahed data, 1971) indicates that concentrations

06 0' .01 F;Il of PCB in water over periodl of up to 36 weeks could lead to

Wth of PCB in the tissues of aquatic organismn.- Acemlatim

b,;? fetors of 75 000 to 200 000 times is indicated by their work. If the

Wﬂtto is taken. 0.01 yg/l in water n!.ght resul.t in 2,0 )l_g/g in
W on whole fish bnis. 'ﬂ\in is comparable to t.he reuidne level in

M eggs auocia‘ed with complcte wortality of embryon. The:efore, a
_emtration is recommonded that 13 reduced by a factor of 5, or 0,002 25/1.

%tidlﬁon, a control bascd on residua levels is raquired, as well as onc

\os4d on PCB in the vater, ' L . .
e@nd.uon . : e L D P R Y T

Aqunr.ie life should be protected where the maximum concentration

%ﬁhl PCB in unﬂltcrcdﬂmtcr does not exceed 0,002 pg/l at any time or
w
M and the residues in senaral body tissues of any aquatic organism do

/,i'txﬂ!ﬂdOSE'/g / e et eeee Cee . .

T awetaionibie | e g ne e mee, s e b e e e e
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