27

IV. ENVIRONMENTAL PATE AND EFFECTS

n,;(; Persistence, Metabolism and Fate

Iv,1,1, Persistence )
PCBs have a long lifse in the environment (1-3), The more

chlorinated compounda in.particular ara rasistant to metabolism
(Appendix E) and parsist in soils (305), water (41, 42); sediments
(so0, 99, 1:05) and blological tissues (i.11. 130, 141, 155, 170, 208,
35) for weeks, months or even years. Indirect evidence for their
persistence in the anvironment is provided by their wide du:rihution_;
even in remote parts of the earth where PCBs are unlikely to have been
used (1-3, 56, 225, ippondix o). .

( Precise data on the life-time of PCBs after relesse into the
environment are difficult to obt-in, Bcénun natural systems ars open:
if & decline in concentrations is observed it is difficult to distine
guish degradation from net export. Hom et al.. (329) provided.almost
the only unequivocal data: they found PCBs in dated (nrved). sedi-
ments in the Santa Barbars ba-i‘.n off southern California, PCBs were
first detectable in sediment layers dated to the nd-19ao'- and their
concentration in the overlying sediments 1ncrn;ud ltu‘d_ny in para-
‘lel with the known incresse in PCB usage. This shows that PCBs can
last for at least 30 yuri in these circumstances (anserobic sediments
with no burrowing organisms). lfon. recently Risebrough et al. (56)
have identified PCBs in Antarctic snow at depths up to 6 metres be-

low the surface,
RN
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Figure IV.1.1 shows concentrations of PCBs measured ‘in oysters
in Escambia Bay, Plorida, since 1969 (330). PCBs in !ncmbin Bay are
bol}.vod to have originsted largely from a eingle point loum;. iden-.
tified and closed in 1969 (99, 330). The residues in oysters in tha
bay show seasonal fluctuations (related to spawning) but othotviu. -
have declined only slowly over the years lipco 1969.

alL these data indicate lthlt: the more chlorinated PCBs have a
life-time of years, if not decades, in at least certain compartments
of the emviromment (2, 330). '

I¥,1,2, Differentisl Persistence of Lowsr and Higher Chlorfnated
Biphenyls. .

Nisbet and Sarofim (332, 2) pointed out an anomaly, viz., that
wost PCBs found in .n'virjon'mcntll u.nplu consisted of ‘penta- .lud
higher CBs, whersas a substantial fraction of th.- PCBs released into
the environment in the past must have consisted of tetra- and lower
CBs. They suggested that tiu ductopln-cy was probably due to differ-
ential degradation of the lower CBs, ruling out the main alternative
explanation (differential mobility) primarily because samples of PCBs
from remote aresas also consisted primarily of higher m-. A critical
nt of obumtivu was t\ut of Veith and Lee (333 , 334), who showed
tro. nnplu of ntor and ﬁlh !ru the lu.lwanku River that the’
proportion of lower CBa declined as the water and sediments ‘moved ’
downstrean away groa the major industrial sources. However, this
decline could be explained either as differential volatilization or
differential degradation (333).
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* The differential persistence and/or bioaccumulation of lower
and higher CBs is important in establishing criteris, because it im-
plf:i differential exposure of human and other target nm to
the varicus components of the various commercisl mixturas. According-

ly the following sections of this document will pay particular atten-

tion to differ in envir tal behavior between lower and higher
CBs. The potential for human ;xpolm to tetra- and lower CBs is of '
especial importance, because the main diffnr.nc_o hetween Aroclors

1016 and 1242 is the lower proportion of the more persistent penta-
CBs in the former (Table II.3.1). In 1972 it was believed that most “
human exposure was to penta- lnﬁ higher CBs, but recently more evi-

dence for human exposure to tetra-CBs has been presented (331, 332).

1V,1,3. Metabolism - o
) Studies of the metabolic mutorr;ntion and degradation of .

PCBs are summarized in Appendix E, Bacteria are able ‘to mu;:ouz.

biphenyl and mono- snd di-CBs fairly rapidly, but tri- and tetra-CBs

are degraded more slowly and penta-CBs hardly at all (Section E.l1). g
Accordingly there is considerable differentiation of PCB mixtures

during microbial degradation, as illustrated in Pigures E.4 to E.7.

Figure IV.1.2 (from vef. 13) shows that even 14 days' j.n:cubction

with acti; ' o1 . ]
activated sludge had little effect on the higher components —

(mostly tetra-CBs) in Arcclor 1016,
Aquatic invertebrates and fish are able to metabolize tri-CBs
to a substantial degree but have very little ability to metabolize

tetza- or pentaaCBp to non-polar products (Sections E.2 and B, )0 ———

- " 001 3000
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Birds and mammals can metabolize tetra- and penta-CBs to
hydroxy derivatives at varying speeds, but they have very little
lbﬂ.,i.ty to metabolize hexs- or higher CBs (Sections E.4 and E.5).
The principal mechanism of metabolism appears to be via oxida-
tion to arens oxide (epoxide) intermediates, followed by rumngeu;nﬁ:
('NIH shift') to form hydroxy-CBs. Hydroxylation at the 3- or 4-
positions {s favored (SQc'tloﬁ E.6). Lass h:kpomut mechanisms of
metabolism ere direct hydro:yhtion; dechlorination, and isomeriza-
tion. There is evidence for metabolic formation of CDFs in chickens
and rats (Section E.7). Unidentified non-polar metabolites are
stored in invertebrates and fish (Section i.3) . —
!hﬁ-bolim does not always represent dc;:oxiﬁutidn, since
CDFs are much more toxic -nd at least one hydroxy-CB is lubl:lntnlly
more toxic t:hln the parent conrpound The formation of arena oxide ' -
intomdhtu is of much concern because this reactive class of com- - ‘
pou'ndo' is implicated as causative dgents in toxic, carcinogenic, ind —Emns

mutagenic effects (Section E.8). . ; '_' i

IV.1.6, Photodegradation =
The photochemical properties of PCBs were sumarized in e

Section II.G.' Pho:PIyitq_ of PCBs has been studied only ;mder )

laboratory conditions and it 1s difficult to use the data to predict ————=—==

rates of dcg'rpddtio;iu in the cnviromnt. In the experiment which

most nearly simulated envirommental conditions (61), there was little

overall degradation after 3 weeks in sunlight and the princtpll net

cftnct was a shift. from higher to lower CBs in the mixture (Table II.8. 3).

00723008
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Photodegradation does not rily .repr: t .detoxification, since
lower CBs are formed by dechlorination and small quantities of CDFs

X
are sometimes formed (Sectioms II.8.2, II.8.3).

Iv.1.5. ‘rrlnlgog
PCBs are mobile in the esanviromment and may be transported in

solution, by motion of suspended sediments, as vapors, on airborne
particulates, or in the tissues of mobile animals (2, 12', 332, 333,

47, 50, 52, 53, 54, 56, etc.). They are concentrated at the air/water
interface (52, 55) and may be transported across it by several mach- .
anisms , including volatilization, solutionm,.dry fallout of particulates,
precipitation in rain nn:! snow, or ejection in spray (Section II.B)..
Critical measurements are scanty and couflicting (56) and it is still
not possible to construct satisfactory models of transport to and from
the aquatic en¥iromment (56, 331). ’

Within bodies of water, thers is evidence that the transport

"of PCBs 1s controlled by the p and transport of sediments
(Section II.6.5). The presence of sediments or particulates ‘tohibits
volltilultlon/(a? 42) and 1s strongly associated with their t:ranl- e
port (50, 56, 12). In utuul waters with high sediment locdl ic

may be reasonable to treat PGB. as passively tnnlportod on particu-

htu, but 1t is not kncwm vhctlur this mld be vlltd for the otean

or for cIur)-nku. However, it is questionable whether conditions

in squaria without sediments provide good models for natural eunviron- --

ments,

0073009
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V,1,6, Fate

. Theoretically, there are three ultimate fates for PCBs released
mto the environment: metabolic degradation, photolytic dogétdltion,

and deposition in sediments in lakes or the deep ocean (2). All three

pr are } to occut., but their relative importance in the

natural environment remains to be determined (2, 56, 331).

1V.2, Bio-eccumlation and Bio-magnification

- Iv,2,1, Machanisms of uptake and accumlation

One of the most important envirommentdl properties of PCBs

is their tendency to be "bio lated” by aquatic organisms --

i,e., to be concentrated into their tissues to levels much higher
than those in ‘th. ambient water (I-3). This ;n:aparty results from
the high solubility of PCBs in lipids and their low solubility in
water: Metcalf ot &l. (45) have shown that the degree of bio~sccumu-
lation of & chemical in aquatic animals is closely related to its )
ptrt:l.tion. coefficient botvun' organic solvents and water (!.igur.c II.
6.6). There is a further tendency for PCBs to be cgnccntntcd into
the tisaues of animals to levels higher thac those in their food (1-3):
this phenomenon is sometimes referred to as "'bio-nlsniﬁcntion".
Within organisms, PCBs ars further concentrated into certain m,
especially the fat (1-3).

' The kinetics of organochlorine ‘compounds in animals &v.
recently besn raviewed by Moriarty- (335)., It is mcu'ur} to con-
sider bio-accumulation as a multi-stage process: the chemicals are

taken into th.'org-.nm via food, water, or air, circulated through
0073010
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the organism in the blood, transferred into and out of various organs,

lng £finally metabolized and/or excreted. Each stage of transfer is a

dy ¢ pr vh rate depends on the concentrations of the

chemicals in the various media and body organs. Under conditions of
constant exposurs, an organism may eventually reach a ‘quui-cquilib;
rium, in which the concentrations of the chemical in the tissuas are
constant. It is then possible to define a storage ﬁctér (ppm in
organisn/ppm in smbient medium). In principle, storags factora should . _._. ..
be defined separately for each organ in the body, but in practice it . __ ___..
is common to define a single "bio-accumulation factor" (average ppm
in whole body/ppm in ambient water). However, where the time re-
quired té reach equilibrium is long, as ;.t often is for m- , the
organism's physiological state may change and a true equilibrium
may never be reached (335).
Aquatic plants take up PCBs directly from water, and their - -
bi:o-lccunuution factors reflect purtitioning'lcrou‘ th..cnll‘ mem- -
branes. Animals may be .:q;oud to PCBs in food, in air, or in water.
Aquatic invertebrates and fish have to process so much water in order
to breathe that they usually reach qunai-dquilzibri\n with PCB con-
centrations in water fairly quickly; intake via food is usually -
only a minor route of intaka (336). Aécardingly the storage factor

(ppm in whole body/ppm 1n smbient water) is the most useful measurse

of bio~accumulation, However, for air-breathing animels such as

* birds and mammals the £ood is ususlly the most important route of

intake and the storage factor (ppm in whole body/ppm in food) is

0073011
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the most useful measurs: this factor is sometimes referred to as
the "bio-magnification factor” (336).

\ Laboratory experiments on bio-accumlation and bio-magnifica-
tion are ususlly highly simplified, Molﬁng constant exposure via
one route only. The situation in the real world {s more canpl-x,' )
since animals are exposed simultansously via several routes, levels
of exposure fluctuate gruily in tﬁu lnd space, and the animals'
physiological state changes in response to aging and periodic en~
vironmental stresses. Accordingly, wbiio laboratory experiments
provide useful information on mechanisms of uptake and excretion, and
comparative data for the various cupomn;:l of PCBs, they do not
necessarily provide quantitative measures of the degres of bio-
accumulation and bto-ugﬁiﬁcption to be cxpcct;d in the field.
Msssurements on wild animals in the field are needed to gauge the
cxt;;:q of bio-accumulation and bio-magnification, and to specify their

veriability in time and space.

V,2,2, Bio-accumulation in Aquatic Iavertebrates

In laboratory experiments, Sanders and Chandler (98) found that
uptake and bio-accumulation of Aroc lor 1254 by some aquatic inverte-
brates was very rapid. Bio-accumulation factors for va.:iou.l organisms
ranged from 2,800 1n stone-flies to at least 47,000 in Daphnis megna
(Table IV.2,.1), In scud (Gammarus guudél.imnua), the tri- and
tetra-CBs in A:oclor/usé were differentially accumulated bi factors
2-8 times higher than the hexa- and hepta-CBs (Table IV.2.2), Nebekar
and Puglisi (93) found bio-magnification factors of 16,000-36,000 for

0973012
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, Table Iv.2.1
' . (from ref. 98)

“ﬂ-hbohd A:uloQ 1254 by quattc utvortebn;u L - C ""'7;\.; o
. o:,notu Oruniur ‘ Hut ] P eouceutntim e St 3 s
,;-- N per y concentrat 7:\ (4 day exposure) . - Magn{fication factox™ .- .
? B : - l-pch ppb X ¢ 8! ppm x t SE l—d.y A-dgy 7-dsy  lé-day .
_ Dephngd - R B S C .
Daphnis magns .~ . . 60 ,-;"11202,,'_ .52 22,0 . 26700 47,000 - .- . L Tl

Phantom nidgs © - '- T e 3
e utnbomm o '.1.3 t_o.l_ T3 211.6 22‘.000 23,000

soud R RN Ca
. Cammarus pscudo lt

' Mosquito larvae . o :
Culex tarsalis.. . o 1e

5 liolmcd -muu.un ol

CLEsor T J‘.o ' 11 000 \zt 000 3

R RY X SO PPN _", '

i ' Palaemonstes umtmto TE 3oL k320,01 o016 22,6 10,300 12,300 113,700 - §
’Coﬂ.ﬂy o ) — “‘.{: .. . » -:»__.: '. - . A ] >'_. - H
Pteronarcys don.tg - .y 808 1.0.2 0,3 . : 2,100 . 2,500 . 2,800
- . Corydalus cornutus ... ‘ " 11 20,1, 5.1 20,23 . 1,400 4,600 5,700 -
“ Crayfish R DT ol T
Orconsctes nais ! 1.2 £0.1..770,220,20 .7 570 ° 1,700 ;.400
X N 5 . . N . .. } '
i : = i
. 2 Samples were taken in triplicate, . !

2 Samples vers taken in. triplicate M mmnd -’ m muo 2 nm:d srror (r-.os;.
. ¥concentration in ountlllconemtuﬁlou in unr. R

croet0®
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A ‘ Table 1V.2.2
; (from ref. 98)

®

: chm;n in isomer ratios of Aroclor 1254 residues it scud
R - - Concentrgtion .
o T lﬁ 2f _ Facto . B bocloﬁ
‘' Peak Mo. rho- Xo. c:.' Sample . Average .+ 1254
o S S 2 . RPA,
Tl 0.27 -3 . 200 . 2,00 2.00 0.03
2 0.37: A . 1.69 72 1.1 - 0.29
3 0.45 4 - . 1.81 - 181 1.81 0.11 .
g 0.50 3 -.2.80 2,00 1.90 _ 0.05 -
-3 0.63 5 - 1.3 - 131 1.31 ° 0.51
%6 0.77 .5 -1.00 .00 '1.00 1.00
I 0.98- 3 -1.13-  1.16  1.13 0.38
o8 1.07 8 © .07 116 [ 112 O 0.57
I A 1.19 6 . 0.33 " 0.66 0.49 0.03
e 1.31 .6 0.84  0.85 0.85 .0.65
AN - 1059 -6 0.55° 0.55 0.55 0.33
R+ 3 .67 6 ©0.80 0.80 0.8 0.30
- 13 - 1.79 T ... - 0.43 0.57 ' 0.50 0.07°
7 N 2.04 - o6 ' 0.5 0,600 0.58 °  0.45
15 2.61 S 6. 0.50  0.62 0.56 0.08
16 3.22, 7 0.25 0.50 0.37 *° 0.04 B
17 3.68 T 0.25 )

0.25  0.25 - 0.04

Y]

* = Ratentfon time rclac-ivn to p,p’' DDE on GLC column of 2 mm £.d. %

, 1.8 m 0.3% w/w OV~7 on 80-100 mesh Corning® 110 glass beads; 15
“ ‘ml/min, flow of ni.:ro;cn urﬂcz gas; column operated at 155° ¢.

zllu-bn- of chlorine atons substituted on biphenyl rl.ng dttmined

Iry sas chm-to;nphy-nus :ptctto-ttry (9).

J/ Conéentration factor ti Relstive Puk aras of sample £ hhtivc
Pukn:m‘uuoclo 1254. .
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the same species of scud when exposed to Aroclor 1242, and of 28,000~
19\2,000 when exposed to Aroclor 1248, In estuarine IWO, bio-accumu-
ﬁtlon factors ranged up to 26,000 during chronic exposure to Aroclor
1254 (104: Table IV.2.3). In short-term tests, shrimp accumleted
Aroclor 1016 to levels 2-4,000 times higher than those in the nnbic:;t
water within 96 hours (100). Blo-sccumilation factors reported in
oysters ranged up to' 101,000 (108) and to 165,000 (337).

Ina c'cnpnrlti.vc study in a model ecosystem, Metcalf at 8l
(45) found higher bio-accumulation factors for representative tetra-
and penta-CBs than for a rcprucnc;tivc tri-CB (Tables B.4 and E,S5) .—
In snails the bio-accumulation factors (‘E:M. in Table E.5) recorded
after 33 days were 5,800 for the tri-CB, 39,400 for the tetra-CB,
and 59,600 for the penta~CB. In mosquito larvae the corrupbnding
factors \u-n 815, 10,600, and 17,300, but these represented ohly
6 days' exposure. It should be notad, however, that some of the
unidentified non-polar metabolites were bio-accumulated even more
than the parent CBs (Table E.4). 'Unknown I" from the tri-CB, for
example, was bio-accumlated 12,000 times in the snail and 8,000
times {n the mosquito. ‘

1v.2.3, Bgo-nccmlntion in ruh
In llborutory experiments in flowing sea water, juvenilé

pinfish (lagodon rhomboides) and spot (Leiostomus xantherus), both
accumulated increasing smounts of Aroclor 1254, up to quasi-equilib-

rium levels, as duration of exposure increased (11l). Spot aexposed
to 1 ppb‘A:oci‘Br 1254 for 56 days reached maximum residue levels of

- 0073015
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‘ Sy  Table 1V.2.3 . .
. . - - e . - l

. ACCUMULATION OF AROCLOR 1254 IN Palaemonetes pugio WITH TIME

AFTER EXPOSURES TO THE CHEMICAL IN WATER AT THREE CONCENTRATIONS (:g/1)

(Bach value represents a composite sample of 10 animals) : A
Length of ’ : Control ' 0.04 . 0.09 : . 0.62 L
Exposure . Body Conc. Body Conc. Body Conc. . © Body Come. = = -7 .
+. Conc. Pactor ’ Conc. Factor Conc. Pactor .. Conc. Factor
(hr/ days) - (mg/kg) : (mg/kg) (ng/kg) , " (ag/kg) ,
0 0.1 S * 0.1 * 0.1 * 0.1 s
1 — & - 0.1 * 0.1 * 0.1 *
‘2 — L 0.1 * T 0.1 L 0.1 *
3 -— * 0.1 # 0.1 N 0.1 LA
4 — * 0.1 * 0.1 * ' 0.1 ®
8 - * 0.1 =~ # 0.1 & 0.12 . 190
12 — L* 0.1 . 0.1 * .7 0.14 230
16 — * 0.1 * 0.1 * 0.26 - 420
2 /1 . —— * 0.1 * - 0.1 * 0.20 320
.36/ 1.5. — L 0.1 * 0.1 * 0.20 470
48 /.2 C— ] 0.1 ‘% 0.10 1100 0.37 600
2/3 — L2 0.1 *. 0.14 1560 © 0.58 930
96 / 4 —-— L 0.1 * 0.15 1670 0.40 650
154 / 6.5 0.1 * 0.1 1590 . 0.33 3670° 1.28 2060
336 / 1 -— * 0.13, 3250 ' 0.43 4780 © 7,40 - 11930
504 / 21 0.1 * 0.15 3750 0.45 5000 6.67 ' 10900
672 / 28 0.14 LA 0.17 4250 1.57 17400 10.82 17450
840 /35 0.10 * 0.21 5250 0.75 8330 16.48 26580 . ‘
. " PCB - STOPPED ’ R
1176 / 49 ° 0.1 L 0.1 x . . 0.12 * 3.24 .
1512 / 63 0.15 * 0.1 * 0.13 - & 1.64 *

~

* Magnification factor not calculated.

| !
[ |
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37,000 times the water concentration in 14-28 days (Figurs IV.2.1),
vh‘g.'un pinfish exposed to Aroclor 1254 accumulated it to 22,000 times
thl water concentration (111) . Thereafter, the concnntratia;a of PCB
(ppm in tissues) remained roughly constant while the total amount . .
continued to 1n¢tuu»u the fish grev. After placing the fish in
clean water t& PCBs were ﬁ-ndully clininlﬁd, hliins by half {n
about &4 weeks (Figure IV.2.1). In a parallel expor:huﬁt with pinfish
exposed to Aroclor 1016, a bio-lecmht.ion factor of about 20,000
was measured after 42 days (Table IV.2.4, Pigure IV.2.1, ref. 100). -
Thus the bio-accumulation of Aroclors 1016 and 1254 was nuﬁ.ht in
this fish, Em:ut, there was some ditf;rcnthl uptake of the com-

ponents of Aroclor 1016, since the peaks 1-3 in the chromatogram

(mono- and di-CBs) were proportionately reduced in the PCBs stored

in the fish tissus, vhereas the tri- and tetra-CBs were proportionate-

1y {ncreased in the fish tissuss (Figure IV.2.2, and Table IV.2.5;
cf, Figure I1.3.3). ' ' |

DeFoe et al., (113) found that the bio-ccétmlltion factor for
adult fathead minnows at 25°C is approximately 120,600 for Aroclor
1248 and 270,000 for Aroclor 1260, Female fathead minnows accumu-
lated about twice as much PCBs as the males but the dif;‘..rcnco is
largely due to tlu greater ﬁount of itpidl invtlu fuul;u. The
residuss of PCBs fn the £lsh tissues were directly proportional to
the water concentration (Figure IV.2.3). The storage factor for fish
1ipids (ppm in lipids/ppm {n water) was between 1 and 2 million
(ibid.). Nebeker et al. (112) found that the bio-accumulation netot-

0073017
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CONCENTRATION IN WHOLE FISH, ng/g wet weight
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X
Table IV.2.4
(from ref. 100)
Taxicrey axp Upraxr or Anvcton (018 wr Pixrmn (Lagodon rhomboides) Exrosen
ron 42 Davs 1x Tuuxe Serakate EXperiMexts ‘
Toeet concentration (ug/liter) Cuncentration in fish (ug g, wet weight) -
Mortality
Nominal Measured %) - Flesh Flesh and skin ~~ Whole fish
Coutrol ND- - 38 ND ND ND .
0.1 ND 18 0.7 ‘0.8 2.4
1.0 0.8 4R 3.1 6.3 1
10.0 - 3.0 33 60 20 168
Control ND 12 0.5 - 0.6 0.3
1.0 0.9 18 4.0 6.0 17
3.2 2.5 16 kY 39 85
10.0 7.0 % 63 76 o
2.0 13 “ 140 180 620
Control N\ND ] ND ND ND
10.0 68 .. 8 ) 4 11
32 2N 50 30 8 108
100.0¢ 5 30 3R 72 205

* ND, not detectable: <0.2 ug, liter in water: <U.2 ug/g in tissue.
’ Mormluy ngmﬂnn'I) greater than in v.mnrol fish, @ = 0.01.
{ nnd tissuen lyxed when 50°% of the fish died: 33 dayl at 32 ug/liter
md 1R days at 100 s/ liter.

. . 00]3019

WATER_PCB-OOOV431 00



Pigure IV.2.2 (from ref. 100)

4

poaks of Aroclor 1016 reference
and &

Opersting wons- - - —
210°C; oven tem-
. 190°C; *H ol oapture d 152.4 X 0.32 cm glass column packed with 2§

Table IV.2.5 (from ref. 100)

Pmnmmuormwoﬂmmnm AsTRED Praxs yaom Camo ‘or Az 1016
Rarsaexcs Srawpanps Awp reom Tissizs or Prvmse Exrossp 10 I so/uiTER oF
Azocron 1016 rox 58 Dars awp Tuzn Hsio me PCB-rrzs Watex ror 56 Dare

Paroentage of peake

1 2 3 4 5 L] 7

Referance standard 12.4 11
All tiasues through 14 days 2.4

8 ]
10.0 23.5 13.3 6.4 81 88 6.2
5 1.8 7. 9.4 4
of exposure
All tissues, d.;-kax-ao of 28 &

3.8
.8 30.6 7 103 12.1
3.2

@ W

21 7.8 1.0 11.3 18.3 18.9

« 5 =T

. exposure . .
All tissuas during 58 dey 1.0 1.7 03 38.2 238 150 12.4 11.9 16.7
( ! depuration

N o peak beight
’ D -mdmmxmo.
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for Aroclor 1254 in fathead minnows was between 110,000 and 240‘,000,
lnd that for Aroclor 1242 was between 32,000 and 274,000. Although
the results varied somewhat between replications of these expariments
there is no evidence that the bio-accumulation factors in this fish
increase significantly with the degree of chlorination of the mixture.
Veith and Kiwus (338) c;.onductod an experiment with fathead minnows
exposed to Aroclor 1016 and found a bio-accumulation factor of about
50,000, but the concentrations in the fish were still rising after
32 days (Pigure 1V.2.4). This result for Aroclor 1016 falls well
within the range observed for the same lp;C_ill for Aroclor 1242, and
within a factor of 3 of that observed for Aroclors 1254 and 1248

( (112, 113). ’ ]

‘Bi,o-lccﬁulltton factors for bluegills uépéud to Aroclors
1248 and 1254 were in the range 26,300 to 71,400. No uj;r modifica-
tion of the PCB {somer ratios were observed in the tissue residues,
and no new compounds were 1dc‘nt££i.ed (95).

Several ln.uuu have shown that fish also store PCBs when fed
contaminated food while kept in cleam water. In these cases tt.n bio-
magnification factors were quite modest, bmﬁu the fish were able
to exchange PCBs across their gills with the smbient water; in natural
cnviromnt; both water and food would contain PCBs and fish would
take in PCBs via both routes.

Coho salmon (Oncorhynchus kisutch) fed Aroctor-1254—for-240 ——————
days at dietary concentrations of 0.4 to 580 ppm (14.5 to 14,500

‘ ( J' p8/ks body weight per day) accumilated whole body residues which
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wera 0.9 to 0.5 times the dietary levels (95). .Thc highest residue
vn;_g!‘ was 300 pim.

‘ Accumulation end retention of Aroclor 1254 by tlinbov'ttout
(Salmo gairdnerii) from the diet followed the same pattern as that
fion for coho salmon (339)., The relative concentration of PCB in the
lip!.d fraction of trout !.n;rhud rapidly during 8 weeks' exposure
to 15 ppm Aroclor 1254 ia the food, then tended to equilibrate at
about 95 ppm (Figure 1IV.2.5). While the relative amount in the fish
reached quasi-equilibrium, the absolute quantitiu continued to in-

crease as the trout grew (Figure IV.2.6); _The distribution of PCB

g the tis was dependent on the lipid content of the various
tissues (Table 1V.2.6). ‘

‘ The uptake of pure PCB isomers by fish has been studied in
three experiments. Gruger et al. (121) fed 3,4,3',4' tatra-CB and
two hexa-CBs to juvenile coho salmon at & dietary concentration of
3.3 ,;pn each (total 10 ppm) for 165 days. The material fed during
the first 24 d.y'u was retained well in the tissues, but tissue con-
centrations tended to level off and aftar 28 days the concentration
of the ggtr.-cn was only about half that of either of the two hexa———u. — . ———
CBs (Tables IV.2.7, IV.2.8). The experiment is complicated by the
fact that the treated fish lost weight and depleted their iptd
reserves, and th'nt equilibrium concentrations in the _ti.uuu had not been
veached (Table IV...2.7). As in the case of the trou;:, most of the
PCBs were concentrated in the lipid-rich tissues, end the average

concentration af PCBs in lipids was similar (about 70 ppm) “in all

00173024
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\lel.‘ v.2.6 DISTRIBU'I‘ION OF ABOCLOR 1254 IN TISSUE . :
N OF RAINBOW TROUT : . i

- Comcn ‘Conen
. of PCB in . of PCB in
' X lipid lipid, tissue
A nuue < ‘in tissue ppm pp :
. [ . :
' theul adipou 92.8 ° - 11 .. 103 i
’ © 6411 9.7 ° 113 11.3 ’
* Muscle ) 2.7 .. 104 - 2.8
Stomach . © 6.5 104 6.8
Liver ’ 3.5 57 2.3
Whole fish 8.5 96 0 8.2

Source: Lieb, A.J., D.D. Bills, and ﬁ.D. Sinnhuber, 1974.
Accumulation of dietary polycl;lormtad biphenyls

(Aroclor 1254) by. rainbow trout (Salmo gairdneri) .
Journal of Agricultural and Food Chenistry 22(4). .
G642, .
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Table IV.2,7 (ref. 121) -y
ANALYSES OF WHOLE JUVENILE COHO SALMON WHEN FED FOR 24, 53, AND 108 DAvsl
. - RV
3 ’ - F
3,4,3',8', | 2,4,5,2',4',5' 2,4,6,2',4',6' g
: : Body Lipid content, chlorobiphenyl chlorobiphenyl .chlorobiphenyl Total _
Group Days wt, g . .- wtl Het tissue? ng/g ) -
Feat 26 4,26 7.60 0.49 0.73° 0.66 1.88' :
. ) " (47%) (70%2) (63%2) (60z) . :
' 53 '5.26 6.48 0.59 0.93 0.90 2.42 e
) ~ (302) (47%) (45%) (412) i -
108 3.06 . 3.8 ' 0.65 1.41 -1.42 ¢+ 3.48 -
: ' (162) (352) (35%) (291)
Control 24 3.79. 5.83 . © 0.059 0.090 © 0.050 0.199 .
53 5.42 ’ 7.38 0.044 . 0.047 0.053 0.144 ° - I. i
108 . 7.87- . 6.8 . 0. 1‘07 0.023 0.030 0.160 1 !
X L . [ :
1. Three fish per group. 2, Percent ot chlotobiphenyl amount found 1n fish relative to ! : R ’
amount ted 1s givun in parentheses. . . P
Source:’ Gruger, B H., Jr., N.L. Knrtick, A.I. Davidson T. Hruby. 1975. .Accumulation ‘of K
' 3,4,3' ,4"~tetrochlorobiphenyl and 2,4,5,2',%',5'-and 2,4,6,2° ,4',6'-hexachlorobiphenyl i
1n juvenile coho salmon. anitonnentnl Science and Tecbnologz 9(2) 121-127. i

log
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Table IV,2.8 (ref. 121 )

.

- 'CONCENTRATIONS OF CHLOROBIPHENYLS AND LIPID CORTENT IN TISSUES OF "Jle '
COHO SAIMON FROM TEST AND CONTROL GROUPS ’

Tissue specimens
at 117 days

Test group
‘Brain
Liver
White muscle
Intestines

Stomach and pyloric cdneca .

Spinal column
Heart

Lateral line muscle
Spleen . .
Adipose

Control group

Brain

‘Liver

White muscle
Intestines .
Stomach and -pyloric caneca

. Spinal column

"Heart

Lateral iine muscle
Spleen

Adipose

. at 165 days
Test Group
White muscle
Brain

Lipid content,
wtX

FwENNN
Ho o o o o @
AWWRY =

o
.
-

~ -
o

uao&nuo w
sSNNvNOAVLMOON o

N
e o o

~
[
=
.
o

© 135

t 3,4,3',4'

.

goooocooo0
ONWOWOWERWNNM

v

mNoONWOoOVUVL S

. 2,4,5,2',4',5" 2,4,6,2',4',6' i
chlorobiphenyl chlorobiphenyl chlorobiphenyl Total !

Wet tissue, pg/g

NNOAWW
AW WWK--

-X-X-) F»Hrﬂooooc'

[

0.38 0.84
0.50 1.1
0.64 1.6
0.82 1.9
©0.95 ¢ 21
1.4 3.7 |
© 1.5 3.7 1
1.9 4.5 {0
2.1 4.9 1
8.8 8.7 | i
vl
0.017 - 0.046; '+ °
0.037 0.085
. 0.025.  0.068
* 0.069 0.20
0.022 0.069
-0.032 0.15 |
0.18 ° 1.1 !
0.077 0.24
0.12 (2.3)
0.36 0.85
: i
0.22 0.51
1.2

0.56 .

(53>
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the tissues tested after 117 days (Table IV.2.8). After 48 days®
starvation the concentrations of PCBs in the tissues were dupl;tcd
lo:_iwlut (to & total of 33 ppm in adipose), but those in the brain
were incngud slightly (Table IV.2.8). The tetra-CB was oxcrotod’
only slightly faster than the hexa-CBs (121),

Sanborn et al. (307) exposed green lpnﬁ.lli to three represen-
tnfi:v. chlorobiphenyls in two pulud exposures (24 hours’ cxpoluic to
1 or 3 ppb 9 days apart). Although the tri-CB was rapidly excreted
and was almost eliminated after 15 days, the p@ntn-CB was well re-
tained and there was no evidence of elimination in the 15-day period
of study (Pigure IV.2.7). The tetra-CB was taken up and retained
slightly less wall than the penta-CB, but the concentrations .in the
fish at the end of the 15-day experiment were c;nly 2-3 times smaller
than those of the penta-CB, despite the u::iud exposure time (Figure
1V.2.7). Thus the major differenée in uptake and retention q;purld
to be between the tri- and tetra-CBs.

Matcalf et al. (45) exposed mosquito fish to the same three
chlorobiphenyls under model ecosystem conditions (oxgomn via both
food end water). Although the exposure to th.' fish was for only 3

days, they nevertheless accumulated tﬁa tri-CB to 6,400 -times ‘the

. water conccntrafion, and the tetra-~ and pinu-cnn to about 12,000

times the water concentration (Table E.S). Thud under these circum-
stances there was no difference in bio-accumulation between ‘thc> tetra-
and penta-CBs.

To -\mlLﬂu, under laboratory conditions fish bio-accumulate

PCBs to concantrations 30,000 to 300,000 times higher than thosa in @

« 0013030
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the ambient water (up to 2 million times higher in lipids). There is
cv*fhncn that mono-, di-, and tri-CBs are poorly retained in fish
ti;hmn, but the differences in retention between tetra- and higher
CBs are small, no more than a factor of 2-3 in, the circumstances of °

these experiments,

IV.2.4. Bio-accumulation gn Hodol g uatic Ecosystems ,

Two studies have been published of the behavior 6f PCBs in
wodel aquatic ecosystems, designed to simulate the transport of PCBs
from water through simple food chains. In one study by Metcalf et
al. (45), radiolabelled chlorobiphenyls weére applied to a mixed
tcrtntrill-aquntichlyltcm and subsequently traced in water and various
aquatic organisms, The results have already been summarized in the
previous sections and in Appendix E (Tables E.3-E.5). The study
showed how fcn- and their metabolites move from the terrestrial to
the aquatic environment and are taken up there By aquatic organisms,
lgcluding plants, insects, fish, and snails. Because the fish were
only introduced into the oylt;m for the last few days of the experi-
ment, the results do not indicate the full potcntill\ for bio-accumu-
lation in food-webs: the figures of 6,000-60,000 for 'b.io--ccuuln:ton
factors in snails (Table E.5) give the best m‘uluu of this potential, ™~ T~

While Mstcalf's system is primarily designed to tnvutig.lte 7
storage and biodegradability (45), a system designed by SBdergren
was designed to trace the movement of PCBs through a simple food-web e
(340) . Pigure IV.2.8 shows the basic design of the system and

~
Figure IV,.2.9 shoiws the results of a test with Clophen A50. Most of

"0073032
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the transport of the material to the first consumer organism (the

cyprinid fish Leucaspius delineatus) took place via the alga Chlorella
m' ";noidou. There were some changes in the relative propox:tiona of
the components of the Clophen mixture as they passed through the
system (Figure 1IV,2,10). However, these changes were very minor .x-

cept in the two predatory fish (the pike Esox lucius and the perch

Perca fluviatilis)., Even the first component in the Clophen mixture
(2,5,2',5'-tetraCB) was passed essentially unchanged through the alga

to the first consumer (Figure 1V.2,.10).

IV,2.5, Storage and Bio-magnification in Birds

Storage and bio-magnification in birds are of interest for -
two reasons: (a) to indicate the range of residues likely to be in-
gested by humans eating wild or domestic b?.rfh ;- (b) to indicate the
degree to which paiuge of residues up tﬁ; food chain can lead to T
toxic effects in the birds themselves or in their produtorQ. .

In a study with chickens (145, 150), laying females fed
Aroclor 1248 at 0.5 ppm accumilated 3.1 ppm in their adipose tissues
and 0.22 ppm in their eggs after 8 weeks; éorrupondlngly higher
levels in tissues and eggs were found at higher feeding levels (Table
1V.2.9). Similar results were obtained with A:oclar 12;'»2: hens fed
at 5 ppm laid cgg.s.conuﬁing 1.7 ppm after 6 weeks (152), However,
laying hens may be -2 poor model for other birds because their contin-
uous egg-laying provides them with an important route of excretion
(341) not evailable to wild birds which lay few eggs. Pheasants

given 12.5 mg Aroclor 1254 weekly (equivalent to about 50 ppm in the

“ 0073035
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Table IV.2.9
(from ref. 150)
~=Transfer of PCBs' from the laying diet t0 the adipose tissues and eggs of hens
Diet PCBs PE—is in adipose tissues PCBs in eggs
0. indiet 1wk, d4wks. 8Swks. 1wk, d4dwks. - 6wks. 7wks. 8 wks.
p-p.m. - ppm. pp.m. ppm. ppm ppm. ppm. ppm  ppm.
1 (Diet A) 0 P F ’0’ - "o’ '0' PO
2 0.5 1.54 2.16 30 0.10 0.16 0.21 0.20 022
3 1.0 2.21 4.41 6.62 0.19 0.33 0.42 045 0.41
4 10.0 104 2.7 371 1.08 2.21 28 n 3.06
s 20.0 16.3 54.7 827 . 219 4.51 3.37 s 7.04
! Aroclor 1248, Monsanto. Inc., St. Louis, Mo.
~ —
R
0073037
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diet) for only 16 weeks accumulated an aversge of 24 ppm in their
vhgil.c quiu; this did not decline significantly even after 6 months
on ; clean diet (141), Mallards fed 25 ppm Aroclor 1254 hic:l eggs
containing 33-56 ppm PCBs (wet weight) (131). Ring doves fed 10 ppm
Arocior 1254 in the diet accumulated 8 ppm in the muscle, 5.5 ppm in>
the brain, 15.3 ppm in the liver, 736 ppm in the fat, and 4.8 ppm in
the eggs (342, 161-163); nft‘cr starvation the PCBs were nt;bilucd from
the fat and the birds died with 293 ppm in the brain (Table IV,2,10). '
American Kestrels fed 10 ppm Aroclor 1254 in t-l-u diet laid eggs with
average residues of 225 ppm (dry weight, corresponding to about 30 ‘
ppm, wet weight) (i64).

A Mcr of workers l:ud_ying the ;tornge of PCBs 1n birds have
reported that the lower chlorobiphenyls in Aroclor 12}4 (tetra-CBs) are
ratained less well than the higher components (141, 131, 342, etc.).
Call st al. (343) have providid quantitative data showing that tetra-
and penta-CBs are ltc;rc_d at relatively lower levels and hexa- and
hepta-CBs at relatively higher, levels in Japanese quail than in the
Aroclor 1260 with which they were fed. .

However, the differential storage of PCBs in birds is not re-

~lated simply to the degree of chlorination, DeFreitas and Norstrom

(27), studying the elimination of components of Aroclor 1254 from
pigeons, found tﬁt the components which were excreted and/or metab-
olized most tlpic'lly were those with 2,3,- 3,4-, or 2,3,6- substitutions
in at least one ring. Components with 2,4,5-, 2,3,4-, lnd' 2,3,4,5-

substitutidn patterns were not eliminated. Components with 2,5-

, 0073038
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Table IV.2.10
(from ref. 161)
Organ lcvcl-. ppm, wet weight basis.
Muscle ' Brain . Liver Fat
Prostress (n=4) 8.1x2.3 5.5+1.6 15.3%12.6 736.14211.6
(4.1-9.9) (4.8-8.0) . (3.6-27.5) (481.2-1009.4)
Post-stress (am8) 172.0438.3 203.04:27.6 11182267 hand *
(120.0-227.0) (254.0~340.2) (987.3-1688.0)
Figures are means, standard deviations, and range. *
** No fat present. ’

0073039
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Table 1V.2.11
(from ref, 344)

~ Mean Totsl PCB Residues (F.p.m.), found ¢ Quaid Tissue
after Feeding 'Arocior 1242' sna ‘Aracior 1254° 3t 250 prp.m. for 20 Oays

Tissue *Aroclor 1242° ‘Acoclor 1254
Liver 17.012.6* 8.1£79
Hesrt 32407 7.0x 11
Brain - 7817 17£23

- Owmentaf fat 122217 423
® Al figuies are mean d'ux birdsts.e.

R

0073040
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substitutions were eliminated, but much more slowly than those with
2 .3;. or 3,4- substitutions, Bush et al. (155) obtained similar
,r;ﬁ_ultl for differential elimination of components of Aroclc;r 1254
from laying hens, and suggested that 4,4' substitution is more im-
portant than number of chirin. atoms in determining the degree of'
persistence of chlorobiphenyls in hens. This agrees with the find-
ings of Matthews lﬁd ‘Andctlon (328) in rats. "

Fioally, Bailey and Bunyan (344) found that although Aroclor
1242 was not accumulated so strongly from the diet by Japanese quail
as Aroclor 1254, the difference was only by a factor of 2-2.5 ('!lble'
IV.2.11). Although the lower components in Aroclor 1242 (di- and
lom; tri-CBs) were not well retained in-pigeon tissues, some tri- and
most tetra-CBs were well retained and were only slowly excreted over
a 2-6 month period (Figure IV.2.11),. Of the components well retained
in the piénon tissues, only one (probably 2,5,3',4'-:.:1:..-03) is not
present in Aroclor 1016 (Figure II.3.3).. Thus, although there is
substantial differentiation of the components of PCB mixtures as they
are taken up, stored, and cli;ninlt.d by birds, some tetra- and even

~

tri-CBs are reasonably well retained in tissues and secreted into

eggs.

Very little information is available on bio-ugnifi.cntiqn of
PCBs by any fish-eating birds, which are of interest as being the
species at greatest risk in the environment, However, cormorants
(Phalacrocorax carbo) dosed with an average of about 300 ppm Clophen

A60 (about 25 mg/kg/day) accumulated 850-2,750 ppm PCB residues in
N\, N

.

0073042

WATER_PCB-00043123




316

tﬁoir whole bodies in 55-125 days, including residues of 10-20,000
ppm in their fat (142). This indicates a somewhat higher degree of

A,
kS :
bio-magnification than for any of the other birds listed above.

0073043
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1V.2.6, Storage and Bio-magnification in Mammals

%. The storage and kinetics of PCBs in mamnals are of interest
(n.): to indicate the range of residues l@kaly to be ingested by humans
eating domestic memmals; (b) as models for the storage and kinetics
of PCBs in humans themselves, There is an extensive literature on
the uptake, kinetics, and elimination of PCBs in memmals, but for
this document primary i{iiterest is attached to the results of long-
term feeding at low levels,

Absorption of PCBs from the gastrointestinal tract appears
to be very efficient. Albro and Fishbein (345) fed nine individual
chlorobiphenyl isomers ranging from mono- to hexa-CBs to rats and
found that 91-99% of the dose was retained in the body. Aftog absorp-
tion PCBs are distributed throughout the body? their distribution
tends to parallel the 1ipid content of the. tissues, so that PCB
storage in the tissues occurs in the following oréor:

fat > liver > feces 7"k1dﬁ.y > brain > plasma > urine (346),
The cqncontrltion-of PCBs in adipose tissue is 104100 times the con-
centration found in other tissues, both early after Bingle dosés
(182) and after prolonged intake (346).

Allen et al. (196) fed six adult female rhesus monkeys 25 ppm
of Aroclor 1248 for two months. PCB concentrations in ssmples of
adipose tissue averaged 127 pg/g fat for all animals, At that time,
the experimental diet was discontinued. Eight months later the PCB
content was 34 ug/g fat. PCBs were transferred across the plcccitu
of one female which .ivo birth and concentrated at high levels in

the fat and adrenals of the infant (Table 1v.2,12). 1In an infant born
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to a female 29 months following the discontinuation of PCBs, the

levels within the adipose tissue were 3.38 ppm at 4 months of age (69).
A

Pemale wonkeys given 5.0 ppm PCB in thcfr diets attained maxi-
mum levels of PCBs within thair adipose tissue at 6 months (141 to
177 ppm adipose tissue)., However, it required approximately 14
nénthl on the 2.5 ppa dkict: for the monkeys to reach similar maximum
PCB lcvo‘h in their adipose tissue (126 to 144 ppfn). Males which re-
ceived 5.0 ppm PCBs attained levels ranging from 128 to 200 pg par g

adipose tissue at 14 months, Infants born of mothers exposed to

. 2,5 and 5.0 ppm PCBs within the diet contained concentrations of Pcn-

ranging from 1.0 to 4.8 ppm within the skin at birth, While nursing
from mothers consuming PCB diets, the infants continued ‘to accumulate
tlu. compound, At 3 months the levels within the tissues ranged ‘from
86 to 13.6 ppm. The concentration of PCBs within the milk ranged
from 0.15 to 0.40 ppm. The tissues of the infants which died while
nursing PCB-fed mothers contained high levels of' PCBs within the
thymus, ovaries, braim, kidnays, adrenal glands and pancreas (20-48
ppm tissue). Lower levels 'n':c found in the liver, lywph nodes n;d
bone marrow (8-16 ppm) (69). - ) -
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Table IV.2.12
(fxom ref. 196)

POLYCHLORINATED BiptieNye CONTENT Ok Tissuzs OaTAINED
FROM MOTHER AND INFANT FoLLowrng CoNsUMPTION OF
AROCLOR 1248 BY THE MOTHER PRIOR TO PREGNANCY

Weight PCB content
Organ ® (/)
Mother
Liver - 56.3
Fat — 50.0
Placenta - 0.9
Tnfant :
Fat - - . 27.70
Adrenals 0.2 24.40
Liver 1o 0.04
Muscle - 098
Brain . 829 0.29
Kidneys 28 0.10
Large intestine - 0.08
Smull intestine. — . 052
Stomach — 0.55
Lung T6d 0.21
Skin - 0.3t
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Curley et al. (346) fed weanling Sherman rats a diet contain-
ing 100 ppm Aroclor 1254 for 58 days and for 240 days. Animals were

nd\_c(:_‘tificcd at various intervals, A steady buildup of .PCB in all

ti.;luu vas observed over the 58 day period. The rats stored more

PCB in their tissues efter 240 days than at the end of 58 days. In
experiments at two dose levels (100 ppm and 500 ppm) for 240 days,
Curley st al. (346) observed that PCB in fat after 240 days at diet-
ary levels of 1oq and 500 ppm were 1,101 and 10,021 ppm, respectively.
They did not reach a point of equilibrium storage.
Grant at al, (347) fed male rats a diet containing either O,
2, 20 or 100 ppm of Aroclor 1254 for 246 days. The residues in the
blood, brain, hogﬂ:, liver end 'fnt were -found to be dose related.
All components of residues were not metabolized at the same rate. .
Burse c_t.l_l. (208) fed rats diets containing 100 ppm of Aro-

clor 1242 or Aroclor 1016 for up to t.cn months., Rats were sacrificed

_at intervals and tissues analyzed. A roughly steady state concentra-

tion of PCBs in adipose tissue was approached in two months and
reached in 4-8 months (115 pp;n of Aroclor 1242 and 214 ppm of Aroclor
1016) (Pigure IV,2,12), Equilibrium levels of Aroc]?ot 1016 and 1242
seem to be reached sooner than equilibrium 1&.1: of Az_'oclot 1254
and the Levels of Aroclors 1016 and 1242 were 5-10 times smsller than
those reached after continuous feeding with Aroclor 1254 (208, 346).
This indicates considerably less bio-magnification of tri- and tetra-
CBs than of penta- and hexa-CBs in rats. After the rats were placed
on a PCB-free diet the residues of Aroclor 1016 were eliminated some-

-\ N
what faster thin ‘those of Aroclor 1242 (Figure IV.2.12). Comparison

w °°130§1
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-Residuss resulting from a con-
tinuous diet of a 100 ppm concentration of
Asocior 1018 (=) or Arocior 1242 () for a
period of ten months. Residues following a

oontinuous diet for only six months and re- -

covery for five months for Aroclor 1016
(CT) and for six months for Aroclor 1242
(o) are liustrated by the broken lnes.
Each point represents the mean and stan-

Figure IV,2.12
(from ref. 208)
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of chromatograms (Figures IV.2.13, IV.2,14) shows that only the
later eluting components (penta-, tetra-, and some tri-cx;) of
A:‘r\';clorc 1242 and 1016 were stored in the adipose tissue. ﬁm lower
components were largely mubolizcd; as hydroxylated n;tlbolitcl were
found in the urine (348). '

Storage and dynsmics of PCBs have also been studied in domes-
tic animals, ‘Hansen et al. (216) fed sows with 20-ppm Aroclor 1242
throughout gestation and nursing and found PCBs in many tissues of
the sows and their offspring., PCB levels in the fat and blood of
tha sows averaged 14 ppm and 0.25 ppm respectively (Table III.9.9). )
The offspring appeared to have somewhat lower concentrations of PCBs
in their fat but higher concentrations in the blood (Figure Iv.2,15).
As with other mammals, there was considerable differentiation of the
components of the Aroclor 1242 mixture (i’igu,tc IV.2.15): later elut- ‘
ing components (primarily penta- and tetra-CBs) were retained much
better in the fat than the earlier eluting components. One-third to
one-half of the PCBs stored Ln the fat of the .I.OHI consisted of com-
ponents that would not be present’ in Aroclor A1016. .

Fries et al. (349? fed 200 mg of Aroclor 1254 daily (0.4 mg/kg/
day, equivalent to 12 ppm in the diet) to nin.c cows. Residues in

) the body fat and milk fat built up to 40 and 60 ppm respectively

during a 60-day feeding period, but did not reach cq\linbri}n levels
in that ti.m (Pigure IV.2.16). Pollowing discontinuation of dosing,
levels of PCBs in fat and milk fell off steadily, but those in body

fat had fallen only to 30 ppm after 60 days. The cows excreted only
s
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Aroclor 1242 Standard

10 12 14 18

Urine Adipose Tissue

8 1

Time, min
~Chromatograms of Arocior 1242: 3.68 ng, an extract of urine: 4.5 mg, and adipose tissJe: 0.027 mg from a male rat fed a diet
containing 100 ppm Arocior 1242 for eight months.

Pigure 1V,2.13
(from ref., 208)
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.~Chromatograms of Arocior 1018: 2.84

taining 100 ppm Arocior 1018 for sight months.

ng, extract of urine: 5.4 mg, and adipose tissue: 0.008 mg from s male rat fec a diet con-

Figure 1IV.2.14
(from ref, 208)
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Detector Response

2y

-Sow Fat .

Sow Biood

Pig Fat

Pig Blood

L1 1 [
48 70 [] 149
Relative Retention Time |,

dard and
and from

—mefmwﬁmmdmwmmhm
tissue extracts from sows given PCB mixture in the feed

their offspring. Back-fat samples were diluted 100-fold.

Figure IV,2.15
(from ref. 208)

.
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" Concentration of PCB in milk fat and body fat of cows
ted 200 mg of PCB per day. Each point is an average of nine

cows 4 standard deviation. The curve for body fat is extrapolat-
od before 30 days. :

i

Figure IV.2.16 (from ref. 349)

Figure IV.2,17 (from ref. 349) 0013053
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20~25% of the daily dose in t‘hoir milk, implying tht even under con-
'ditiénl of c‘ontinuoul milk production they were still far from equili-
bf\;_.in after 60 days. There was differential accumulation oé the higher
components of the mixture in both body fat and milk (Pigure IV.2.17),
but peaks 2 and 3 (both tetra~-CBs) were as well represented in tlu; »
wmilk fat as {n the original Aroclor mixture.

that cows excreted substantial amounts of 3,5,3',5'-tetraCB in muk.

"l'lic diet of the seals contained an averaga concentration of about
0.2-0.3 ppm PCBs, .but over 4 years' captivity the average whole-body
-38
concentration built up to 12.9 ppm (-&::9 ppm in fat), I

.

‘.

(up to 2 ppm in milk fat after a single oral dose of 0.8 mg/kg).
Prank et al. (405) reported data on body burdens of PCBs in

captive harp seals (Pagophilus groenlandicus), as shown in the follow-

ing table:

Jan et al. (404) found

54.0 -0.69

. Age at Death - - Estimate PCB .
end tima in We. ar Death ~Intake last 2-4 PCB  PCB

. Captivity (months) (kg) . Months (mg/day). (mg) (mg/kg)
13-11 ’ 52.0 " 0,75 163 . 3.13
15-14 8.0 1.14 43 215
24-23 0.0 1.07 613 8.75
27-26 63.8° _  °  1.01 659 10,32
38-35 ' 65.0 0.75 785 12.16
52-50 12:90

697
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I!.‘ZJ’ Storage and Bio-magnification in Humans

Although extensive surveys have been made of the occurrence of
PCB; in human tissues, there is little systematic information on rates
of uvtni;c or elimination., PCBs are efficiently absorbed through the
gastrointestinal ‘trlct: Price et al. (350) measured PCBs in diets,
urine and feces of eight preadolescent girls in Virginia, and esti-
mated absorption of the ingested PCBs as 887. Humans are also ex-
posed via air, water, and dermal contact, but it is generally believ-
ed that the major exposure is via the dief (1-3, 331, '351).

The most extensive data on distribution of PCBl_ in human
tissues derive from Japan (_35.‘ 25). Fujiwnrl cited mean levels of
3.1 ppb in blood plasma, 4.7 ppm in body‘f.u‘t, and 50 ppb in milk of
persons ameyed in .the Kyoto area (25) .‘ He also cited a national
survey which showed a mean level of about 34 ppb in 1116 samples of
huinan milk, Kuratsune (35) cited a mtionll':lurvey which reportoé
PCB levels in the range 0.04-1.7 ppm in skia, 0.3-6.4 ppm in fat,:
and 0.01 to 0.6 in liver (Table III.16.9).. Although these figures
do not all refer to the same individuals, they suggest a distribution

in the body tissues psralleling that of lipids, as in c_ither animals,
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Surveys in Canada show that the majority of Canadians have
residues of 1-2 ppm in their adipose tissue, Human milk of Ontario
reé}denta was found to have average ra.aidues of about 1,1 ppm PCBs
;n a fat basis (342). ) »

Extensive surveys in tl'le United States have shown that the
median level of PCBs in human idipou tissue is slightly less than
1 ppm (Table IV.2,13) (353). Less information is available on the
occurrence of PCBs in other human tissues .‘ Finklea et al. (354)
found mean levels of 2-3 ppdb in blood plasma in South Carolina,
Measurements of residues in human milk have ranged from not detect-
able up to 100 ppb; 30 ppb has beeu'auggea;ed as a typical level (331), .

Thé Total Diet Survey of the Food “and Dﬁg Adminiatvration pro-
vides an ;atimte of the dietary intake of an average person in the
United States: in recent yeita this eat'i.mnte has been clole‘to 9
pg/person/day (351: Table IV.2.14). The Total Di;at Survey is based
upon & high consumption diet which in.ciudes 4 kg food/day, almost
twice that consumed by the "avgrcge" man (355). Hence the average
concentration of PCBs in the food umpledl in the Total Diet Survey
is about 2,2 ppb.. Comparing this with the med'iln level in adipose
tissue from the Human Monitoring i’rogram (353), the storage factor
for human fat (ppm in fat/ppm in diet) appears to be at least 400.
This is far higher than that recorded for any experimental animal:
see Section IV,2.6, where high figures for storage factors in mammal-
fan fat range from 120-180 in seals, through 35-60 in monkeys, 11-20
in rats, and 5.\111 cows, to 0,7 in‘piga. Several explanations are
possible for thia 'diacrepancy:
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Table

Gy
[
(=

IV.2.13 (from ref. 353)

Levels of polychlorinated biphenyls

. . in human adipose tissue
“Data  Sample Percent  Percent ' Percent Percent
source size nondetected < } ppm 1-2 ppm > 2 ppm
Yobs, 688 34.2 33.3 27.3 5.2
1972 : '
FY 1973 1277 24.5 40.2 29.6 5.5
_ Survey : A
FY 1974 1047 9.1 50.6 35.4 4.9
Survey :
Table IV.2.14 (from ref. 351)
Estimates of daily PCB intakes .
(total diet study-~teenage male)

Av

erage daily intake of PCB's?

Fiscal ~ Total dfet Meat-fish-poultry food class
.year (ug/day) (ug/day) :
1971 . 15.0 9.5
1972 12.6- 9.1
1973 131 8.7
1974 8.8 8.8
8.7

1975 (1st 8.7
‘half)

8 ower lim‘lt of quantitative reporting = 0 05 ppm with
aua]yti catmathod employed.
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(1) the diétary intake estimated by the T‘onl Diet Survey
may be too low, because of a high frequency qf residues near the level
of }etec.tnbinty; . o
(11) routes other than the diet may give .uignifilcant exposures;
(111) the residues stored in fat may reflect much higher expos'ui‘ea '
in the past;
or (iv) humans may store PCBs much more efficiently than other
animals,
Jelinek and Corneliussen considered (i) and attempted to mini-
mize errors by assigning finite residue values to "trace" findings
(351). Although other routes may be locally significant, no quantita-
tive data have been provided that suggest intakes greater than a few
micrograms per day for a typical person (2, 8, 331), The rapid de-
cline of PCBs observed in the Yusho victims ('I'at;le II1.16.9) makes
it unlikely that present storage levels reflect exposures more than
a few years ago. H.ence it seems probable that ﬁunan_s do in fact
store PCBs more ‘efficiently than other animals, 'Humans are known to
store other chlorinated hydroc'lrbons, such as dieldrin (335, 356)
much more efficiently than other animals, This 1s o; considerable

importance for establishing "safe" levels for humen intake, because

it implies that for a given dietary cc ration, h will have

tissue levels up to 10 or more times higher than-those of experimental
animals,
" There is no precise information on the molecular or isomeric

constitution of the PCBs stored in human adipose tissue in the
a .
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United States, although Kutz and Strassman state that most consist
of}(pentn-, hexa- and hepta-CBs (353). A detailed study of a pooled
la;n;:le of human adipose tissue from Sweden indicated ilut it contain-
ed 4-6% tetra-CBs, 23-25% penta-CBs, 44-46% hexa-CBs, 21-22% hepta-
CBs, 4% octa-CBs, and 0.6% deca-CB (Table II.4.1). Musial et al. ‘

" (357) reported that most samples of human milk analyzed in Canada
had PCBs similar in constitution to Aroclor 1254, but that peaks
corresponding to Aroclor 1242 (i.e. tetra-CBs) were detected in all
samples, Thus it seems likely that tetra-CBs, although minor, ¢.|re
not negligible constituents of the PCBs in human tissues.

-

1v,2.8, Bio-accumulation and Bio-magnification in Natural Ecosystems
Several writers have commented that bio-accumulation and bio-
magnification factors 'ob'aerved in wild lpimls in the field are often
much greater than those measured undeg controlled conditions in the
1nborltofy. Some examples of this phenomenon as it relates to PCBs
are given below, .
Escambia_Bay, Florida. Hansen (74) and Nimmo.(330) .hnve
pointed out that bio-accumulation factors estimated ~for several
wild species in Escambia Bay are much greater than thél‘e measured in
the laboratory (99, 105; see Table IV.2.15). -The discrepancies are
especially gfent for crabs (> 230,000 dn the ?:’ny, versus a maximum
of 4,600 in the laboratory) and fish ( =- 670,000 in the bay, versus.

a maximum of 37,000 in the laboratory).
q
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. Table IV.2.15 (from ref. 330) v

; : . [

. R }TV

. BIGACCUMILATION OF AROCLOR 1254 IN ESTUARINE ORCANISMS i

CONCENTRATION FACTORS :

CRGANTSM LABORATORY ESCAMBIA BAY N
OYSTER 165,000 ' > 100,000
SHRDP 26,000 > 470,000
CRABS 4,600 > 230,000
FISHES 37,000 > 670,000

H
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In a field experiment, Veith et al.

" Budson River, New York.

(358)‘ held a number of fish of five species in a live-car (in contact
witi‘ river water but isolated from sediments) for 14 days in the Hud-
son River below Fort Edward,' N.Y. Whole-body renidues.of Aroclor
1016 increased to 1.8-3.8 ppm during the l4-day peri;.:d of exposure.'
Veith et al. calculated the average co;:centration of Aroclor 1016 in

the river to be 100-170 ppt, and hence estimated bio-accumulation

" factors in their test fish to be 10-40,000, comparable to those ob-

served in the laboratory (358). However: (a) PCB levels in wild fish
in the Hudson River have been up to 100 or more times higher than
those observed in the test fish (Appendix €, 359); (b) Veith et al.
calculated the PCB concenirltion in the river from the known dis-
charges and the river flow: adsorption to the sediments is likely to
have reduced the actual cqncentration -considerably.

The Great Lakes. Extensive data are available on PCBs in water,

sediments, and biota in the Great Lakes (Appendix C, pp. 31-54; 93,
360-368) . Estimates of the degree of bio-accumulation are Mered

by the difficulty of mnsurtng. concentrations of PCBs in' water in the -
low parts per trillion characteristic of the open va;er of the lakes.
The best set of data obtained by modern ampli;lg techniquea. (use of
polyurethane foam plugs fo;: extraction from 20 liter samples -- see

ref, 56) is from Lake Superior, where the mean PCB level at Duluth

was estimated at 0.8 parts per trillion (363). Corresponding wmean

‘ levels in biota were estimated as 0.1 ppm in zooplankton, 0.25 ppm

in sculpins, and 0,3-3.3 ppm in several other fish apeciea.(363).
A\,

..
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One of the fish species with the highest residues in this aurvey. was
thﬁ{ lake trout (Salvelinu; namaycush), with mean rgaiduen of 0.7 to
1.9ppm at various sampling stations in western Lake Superior (363).
Another survey of lake irout in western and northe}'n Lake Superior
reported residues in the range 2.7-13,8 ppm (mean 7.0 ppm) in the -
whole fish, and 7.6-62.8 ppm (mean ?5.6 ppm) in the fat (extracted
oil) (367). Canadian data (360) fall into the same ranges, with the
lake trout showing generally the highest residue levels (Table IV.2.
16). These data indicate bic-:v-lccumulation factors in fish in the
ra;nge 3 x 105 to 9 x 106 (&] x 107 when expressed on a fat basis).

In Lake Michigan the average concen;:ration of PCBs in water
has not b;en meuureﬁ precisely but lppea-rs to be substantially less
than 10 ppt (362, 368): levels measured in the- intake water of munici-

palities along the Michigan shore were all, with one exception, below

10 ppt (368), and even the concentrations reported in major tributary

rivers to the }ake have been only in the range 10-65 ppt (Appe'ndix'c,
p. 46). PCB levels measured in fish in Lake Michigan have been con-
sistently in the range 2-20 ppm, wet weight (16-200 ppm, lipid weight)
(361, 368; Appendix C, pp. 40-45). These ﬂgu'rea indi;ate' bio-accumu-
lation factors ranging up to at laatA 2 x 106 in whole fish (2 x 107
in lipids), -

In Lake Ontario concent.tationa of PCBs in water in the range
35-56 ppt were reported in 1972 (Appendix C, pp. 31-32), but the
method of extraction and analysis was not stated and the t.por:edly.

high levels in Jater are ouly partly reflected in high levels in
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Table 1V.2.16 (from ref. 360)

Polvchlonnated biphenyls in commercial fish and fishery products,

{area 3)
. Major Landings PC8

Location. species (pounds) (mean ppm)

Lake Superior (A) chub "306,000 0.96 ( 8)
lake herring 1,611,000 1.17 (10)

Take trout 195,000 2.02 (37

whitefish 328,000 0.68 (11

smelt . 788,000 0.35 ( 6)
yellow perch 67,000 0.31 ( 5)

3,295,000,
Lake Huron (B) chub 671,000 2.09 (17)
whitefish . 950,000 0.95 { 8)
carp 56,000 1.55 ( 4)
suckers - - 176,000 1.33 (12)
yellow pickerel - 269,000 0.61 ( 9)
sheepshead {drum) - 29,000 0.75 { Zg
coho salmon noncommercial 5.11 (-6) -
2,151,000

Lake Erie alewife - 332,000 1.22 (14)
. rock bass 49,000 0.27 ( 2)
carp 41,000 1.27 ( 7)

yeliow perch 12,190,000 0.19 (10)

smelt 15,760,000 0.42 (21;

yellow pickerel 234,000 1.16 ( 9

white bass 2.346,000 .1.26 (28)

catfish 88,000 2.04 ( 8)

bullhead 109,00Q 0.26 i 4)

sheepshead (drum) 354,000 0.74 (15)

coho salmon noncommercial -3.14 ( 8)

31,503,000 . -

Lake Ontario (D) bullhead 248,000  0.73 (123
yellow perch 699,000 1.23 (10
smelt 103,000 4.16 §17)
white perch 290,000 1.84 (22)
sunfish 203,000 0.74.i 6)
carp : 395,000 . 1.69 (10)
rock bass 42,000 1.76 (18)

. eel 222,000 17.14 (49)
~ coho salmon 'noncommercial 4.97 ( 3)
2,205,000

-°Land1ngs less than 25,000 pounds per species are not

included.
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biota, Average PCB levels in fish ‘lre similar or slightly higher
th‘gn those in Lake Michigan, in the range 4-30 ppm (360). Taking
th&jnter data at face value, these indicate bio-accumulation factors
in the range 105 -105. somevhat lower than those in the same fish in
Lakes Michigan and Superior.

"Data on eggs of fish-eating birds from the Great Lakes indi-

cate further bio-magnification of PCB residues by the birds. Table

1V.2,17 summarizes PCB residues in eggs of Herring Gulls (Larus
‘argentltua) from the Great Lakes (366). The geographical pattern of
contamination generally parallels that found in the fish (Table
1v.2.17), Taking Lake Superior as an example, the mean PCB level of
60 ppm 1t;.gu11 eggs (roughly 1000 Ppm on. a lipid basis) is much great-
er than that of 0.3-7 'pym.!.n fish (540 ppm in lipias) (363)., This
suggests a degree of bio-magnification by the birds much greater than
anything reported in the laboratory (Section 1V.2.5).

The_California Current. Young et -al. (1‘2, 369-370) have pre-

sented extensive data on PCB residues in the marine enviromment off
southern California, Residues in inshore areas are variable because
of localized sources, and hence are difficult to use to derive field

estimates of bio-accumulation, However, the maximm water concentra-

tion measured at the surface above one sewage outfall was 4 ppt (370,
P. 332); corresponding tissue levels in fish, crabs, and mussels
ranged up to 4.3, 3.8 and 1.7 ppm respectively, indicating bio-

accumulation factors ¢of the order of 105.

Young _gE al. also presented measurements of the background

concentrations lof PCBs in the California Current which flows into
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Table 1V.2,17 (from ref. 366)
> )
. Organochlorine residue levels® in Herring Gull eggsin the Great Lakes®
\
Lo - . Heptachlor ) Hexachloro-
Dos oo DOT - Dieldrin  Epoxide Mirex benzene (o Hg
n
Lake Ouurin 39 22.6 T 0.09 0.09 0.37 0.12 . $.06 . 0.19 142 - - 0.51
(8.8-35.1) (trace-0.83) (0.02-1,04) (0.08-1.08) (0.01-0,36) (1.95-18.6) (0.01-0.72) . (73. 8-261) (0.29-1.47)
Lake Eile 42 7.04 0.08 0.04 0.30 0.14 0.31 0.11 65,8 ) 0,22 -
(3.8-14.3) (trace-0.24) (0.01-0.15) (0.10-0.69) . (0.04-0.28) (0.14-2.19) (0.06-0.31) (41.2-110) (0.11-0.3S)
Lake Huron 40 13.8 .0.10 - 0.08 . 0.41 0.12 0.56 0.14 . SL.S 0,23
. (5.4-41.9)  (trace-0.38) i (0.01-0,32) (0.13-0.87) (0.04-0,26) (0.06-6.92) (0.05-0.42) (15.4-118) (0.11-0.50
Lake Swperior 39 18.6 015 - 0.2 0.39 0.4 0.66 o.n 60 0.3%
(8.6-47,1) (trace-0,4) (0.02-0,58) (0;13-1,35) (0.07-0.38) (0.2-5.17) (0,02-0.33) (33.4-148) (0.16-0.63)
Lake Michigsn 10 - 3.8 0.01 / 0.13 0.48 0.16 <0.01 0.04 B T I n.d,
. ~ (15,8-148)  (0.01-0.07) (0.07-9. 39) (0.3-0.92) (0.11-0.60) : . (0.02-0.14)  (55.1-395)° .

sMedisn Values and ranges (in brackets) in parts per mllllon, wet we‘uht. '
. bEggs were collected from two colonies in each lake in both 1974 and 1975 except from

Lake Michigan where they were from a single. colony in 197S.

cPolychlorinated biphenyl valucs are based on a 1:1 mixture of Aroclor 1260:1254.

n.d.Not detected.
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the area from the northwest: these fell into the range 0.27-0.49 ppt
with a mean of 0,40 ppt (369, p. 29). Away from the influence of
loélil sources of PCBs, mean residues in mussels and dover sdle were
in the ranges 14-26 ppb and 40-50 ppb respectively. Referred to the
reported background le.vel in the water these indicate bio-Accmulati.on
factors of the order of 5 x 10% and 10° respectively, However, Rise-
brough et al. (56, pp. 12-20) have pteum_:ed evid;nce that the PCB
levels reported in water b.y Young et al. are at least 10 times too
high; {f so, these estimates of bio-accumulation factors would be

at least 10 times .too low.

Reported levels in birds and memmals in the Cfslifornia current
and the outer islands are much higher than those reported in mussels
and fish: 0.1_5-2 ppm in whole bodies of various fish-eating bir@s
(371); 10 ppm-in the whole bodies (200 ppm in upid‘s) in plankton~
eating birds (225, 37f); 20-400 ppm in the egg-1lipids of fish-eating
birds (372, 373); 12-145 ppm in the fat and 0.5-9.7 ppm in the livers
of sea-lions (374), These figures indicate a substantial degree of

bio-magnification by the vertebrates and an overall storage ratio

(ppm in fat/ppm in water) ding 109’1n some cases.,
Despite the variability in repidue levels near to major
sources of PCBs, the Southern California studies provide useful in-
formation about differential bio-lcemulati.on of PCB émpounts. At
one of the largest sources, a sewage effluent at Palos Verdes, sbout
66% of the PCBs discharged during 1974-75 co.nsigted of components
chntlcteriltic\of Aroclor 1242 (tettl; and tri-CBs): the remainder

0073068

WATER_PCB-00043147



3374

consisted of component;.s characteristic of Aroclof 1254 (penta- and

he:g-cna) (369: Table 1). The corresponding ratio in the tissues.of
fili; (dover sole) sampled at the c.ame place was reversed (67% Aroclor
1254) (370: Table 3), This suggests that in these circumstances ]
penta- and hexa-CBs wer; accumulated roughly 4 times more efficiently
by' fish than tetra- and tri-CBs. R

The North Atlantic Ocean. Several authors have published

measurements of the order of 1 ppt or higher for concentrations of
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PCBs in seawater in the open Atlantic Ocean (52, 53, 375, 376), but
the problems of sampling without shipboard contamination are very
laQQfe and Risebrough et al. (56) have given evidence that all the
figures are much too high. Certainly 1 ppt is an upéer limit for
levels to be expected in ocean vater.* )

Discounting data from locally p#lluted inshore waters, PCB

residues reported from biota samples from the open Atlantic Ocean

include the following: PCB residues (ppm)

Organism Whole body or muscle Lipid Ref.
Zooplankton 0.01 -~ 0,12 0.1 -9.8 378
" 0.1 - 0.45" 0.3 - 260 379
Fish : 0.002 - 2.1 0.4 - 31 376
"o . 0,008 ~ 0.1 0.2 -3 380

" ] 0,07 - 2,65 . 360
Deep-sea fish . 4 - 12,5 56
" . 0,001 - 0,17 0.04 ~ 38 376
Oceanic birds 0.2 - 21 0.25 - 74 387
Seabird eggs (Iceland) 0.4 ~ 27 4 « 320 380
Seals . 2-175 386

Delfiﬁe the wide variability (and some problems in sampling plank-
ton ~- see ref. 56) these data indicate that PCB residues ig plank-
ton and fiah often reach 0.1 p;m in the wﬁole body and 1 .or even 10
.ppm in lipids, Even accepting the 1 ppt levels repo;ted in seawater,
these figures indicate bio-accumulation flctofs of the grder of at

least 105 (105- 107 in 1ipids), Plankton-esting and fish-eating

" birds and mammals often have residues an order of magnitude higher

* The first report of levels up to 150 ppt (375) has been questioned
(377) and is inconsistent even with subsequent reports of around
1 ppt, which are themselves questionable,
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( ‘ still, Levels were highest of all in predators (up to 88 ppm in
muscle and 535 ppm in fat in Glaucous Gulls (Larus hyperboreus) at
Bu\i- Island -- ref. 8.

‘ The data cited above show that in n;tural environments animals
generally bio-accumulate and bio-magnify PCBs by factors substantially
higher than those usually measured in laboratory experiments. -Despite
the difficulties in mauriﬁg PCB! in water at levels near or below
1 ppt, there is now evidence from several areas t}mt aquatic inverte~
brates and fish can bilo-accuinulate them by factors as high as several
million fold from ambient water, and that fish-eating birds and mam-
wals can further bio-magnify these concentrations by factors of 10-
100. Reasons for Ehia enhanced magnification in natural envirouments

(’ : have been discussed by Nisbet (336),. One likely reason is that PCB »
residies in many organisms increase with age (see Fig\;re 1v.2.18 for
an example involving lake trout), Hence long-lived wild animals have
an opport{mtty to accumula;a PCBs to much higher Igvela than indivi-

- duals exposed experimentally for limited periods 1n> the laboratory.¥
Other reasons proposed for this field effect include aeleccive ex-
poal;lre in a patchily contaminated environment, and selective preda-
tion on contaminated prey (336). Whatever the’ expllnafion for. the

phenqmenon, the bio-accumulation factors observed in the field are

those that are relevant to asse of exposure to organisms that

may eat the contaminated fish,

* See also ref, 405 for an example involving seals, whose body bur-
dens were still inereasing after 4 years in captivity (see p. 324
above) . a
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" The concentration of PCB's in
Cayun Lake trout as a function of ags.

(=

Pigure. IV.2.18 (from ref, 381)
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I1V.3. Presence in the Aquatic Environment

A review of PCB levels in the enviror is appended to this

doctﬁnen: as Appendix ¢ and only & brief summary i; included here.
PCBs are widely distributed in the environment of North America.
Data gathered from nationwide monitoring activities by the U.S.
Geological Survey (48) show mean concentrations of PCBs in the range
0.01 to 0.05 pg/1 (10-50 ﬁpt:)’ in unfiltered water samples and from
0.25 - 218 ppb in bottom sediments, The highest levels were found
in the Southeast (South Atlantic Slope and Eastern Gulf of Mexico
drainage basins) and the Northeast (North Atlantic Slope and St,
Lawrence River drainage buins). (See Appendix C, pp. 3-15).

In the National Pesticide Monitoring Program, PCBs have been
detecced[aéhall of the 100 monitoring stations, although the percen-
tage of composites with detectable residugu fell from 100% to 51%

between 1969 and 1973 (Appendix C, p. 27). In the same period the

.number of composite samples of fish with residues greater than 5 ppm

fell from 61% to 40% (ibid.). Generally, the higher concentrations
were found in certain river ay'um with industrial activity, includ-
ing the Allegheny, Kanasha, Cumberland, Tennessee, 0;110, Misaissippl
and Missouri Rivers (93). High residues have ‘also bee'n, found in
fish in the Great Lakes, in the Budnén and other noxtheastern riveré,
and in a number of ent;mrien and inshore waters (Appendix C, pp.. 31-
87; 2, 93, 359-364, 367-370, etc.). PCB residues in fish detected
in monitoring programs include chlorobiphenyls clurac-:teriatic of

Aroclors 1242 and 1248 (tri- and tetra-CBs) as well as those
R B

-
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characteristic of Aroclors 1254 and 1260 (penta-, hexa-, and hepta-

CBs (93, 370, 367, 382). For example, in the crosscheck samples
A3

lmiiged for the National_ Pesticide Monitoring Program, 1970-73; 26
of 131 samples listed contained. components characteristic of Aroclors
1232 or 1242, and 70 had components characteristic o‘f Aroclor 1248;
all had components characteristic of Aroclors 1254 and 1260 (382).
In lake trout samples in Lake Superior, more than half the PCB resi-
due components were listed as nliching Aroclors 1242 and 1248 (367).
§imilarly, numerous tetrachlorobiphenyls and at least ome trichloro- .
biphenyl component vere identified in lake troutland coho salmon from
Lake Michigan (95). Thus tri- and tetrl-CB; as well as higher CBs
are widely stored in fish in the United States. '

. PCBs are also foimd very widely 'and‘ often at high levels in
fish-eating birds (1, 2, 56, 93, 225, 364-366, 371-373) and fish-
eating meIs (374, 383-386)., Levels are particularly high in the
fat (blubber) of marine mammals such as seals, dolphins and polar
bears (383-386; see Table IV.3.1).

PCBs are widely distributed in hmn’tissues, Yeflecting

general intake in the diet (351-356).
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e
~ Table IV.3.1 (from ref. 383)
N
TOTAL DDT PLUS PCBs IN BLUBEER OF HARBOR SEALS COLLECTED IN 1971 )
No. OF . MONTH AGE, TOTAL DDT & PCBs (mg/kg, wet wt.)
LOCATION SEALS ) COLLECTED YEARS MEAN . INDIVIDUAL VALUES L.
) “ . . '
Washington: . ) : .
Puget Sound 2 June-August’ N 1 862,7 . 459.4; 1,629.0
California: ) : o :
San Miguel Island 5 June - 9=30+ 610.7 - 380.7; 318.5; 425.5;
: ' .518.3; 2,350.0
Oregon: ) T o . : )
Columbia River 3 May . 2-4 62.5 27.7; 80.4; 109.9
" Alaska: . : ) . . ' .
Pribilof Islands 3 ‘August ‘(a.) 11.3 . 6.8; 7.1; 27.8
£ Y .
a. canine teeth lost
e
-y
w
=)
-
w

“J

Y
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IV,4, Effects on Biota and Natural Ecosystems

-%_ Effects of PCBs on orgaﬁisms and ecosystems fall into two
cléégories: (a) effects observed in the laboratory under controlled
conditions of exposure to PCBs; (b) effects observed in natural
systems and associated with PCB exposure by epidemiological or equiv-
alent methods.

Effects of type (a) are relatively easy to extrapolate to
natural ecosystems: if an effect is observed in the laboratory
when test organisms are exposed to a certain level of PCBs, it is
reasénnblé to assume that similar effects will take place in the
field if the same or comparable species fré exposed to the same level
of PCBs, It is often likely th;t effects will occur at lower leve}s

( 1n’the field, for the iollowin; reasons:

(1) natural systems involve many Species and 1£ is likely
that some will be more sensitive to PCBs than the species
choaeﬁ for test{Fg;

(1) under natural conditions organisms are exposed inter-
mittently to envifonmgntnl stresses (temp2rature, pH,
oxygen depletion, food shortage, predation, etc.) which
generally make them more vulnerable to the-effoctn of an
additional toxic stress;

(111) natural systems are exposed to other pollutants and it
is known that additive and lﬁd synergistic toxic effects
may occur, .

R
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Thus it is reasonable to expect adverse effects to occur in the
51.1& at lower exposure levels than in the llb;ratoty, but it is
di*ﬁcult to predict the lowest hazardous levels without actual
fieid.utudien; )

Effects of type (b), however, which depend on field studies, '
are often'difficult to‘interpret or to establish with rea;onable
certainty, When an adverse effect is observed in the field, it is
often associated with exposure to more than one pollutant: it is
difficult to establish whether it is caused by PCBs, by another
pollutant, or by both acting together, Furthermore, PCBs are
patchily distributed in t@e euvirbnment, 8sb without extensive measure-
ments of ;oncentrlti&na in water it is difficult to establish the
exact degree of exposure of the affected organisms.

Accordingly to judge th;‘effectn of PCBs on natural systems

it 18 necessary to weigh laboratory lnd-field evidence together. V//

'IV.4.1. Effects Observed in the Laboratory

The following effects of PCBs have been observed in control-
‘led experiments at exposure levels which occur locally in the field:

(1) Change in species composition of phytoplankton communities
(Section III.3). Effects on the growth and rate of cell division of

il

sensitive species of phytoﬁlcnkton have been noted at PCB concentra-
tions as low as 0.1 ppb (84, 86) and large effects on the species
composition of mixed cultures took place at this concentration (92).
The effects of lower concentrationghave not been studied. The

changes 1nvolvq_reylncement of gsensitive diatoms by resistant green
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algae and are expected to have substantial effects on consumers and
hence on food-w?ba (83). Synergistic effects with DDE are also in-
vo}&ed 90). ’ ‘

(ii) Change in species composition of marine animal communi-
ties. Effects on species composition and biological diversity of‘ '
communities of estuarine animals developing in the laboratory from
planktonic larvae in flowing seawater were noted at PCB concentra-
tions as low as 0.1 ppb, the lowest concentration tested (ref. 109;

Section III.4.2).

The results reported in these experiments (refs. 88, 92, 109)
" are of particular importance because they demonstrate that PCBs

affect mixed communities of plants and animals at concentrations much

lower than those required to show effects on single species popula-
¢lons. . ‘ |

(111) Bffects on aquatic invertebrat;a (Section III.4),
Reproduction and growth lﬁ impaired in aquatic 1n;ertebratea at con-
centrations lower than those required to cause mortality. The water-
flea Daphpnia magna and the miége Tanytarsus dinsimilfs are both
affected at levels between 0.4 and 0.5 ppb (93: Table ;II.A.I).
Synergistic effect; with DDT are also involveé (94).

(iv) Sublethal effects on fish (Section III,5). Although
there is little evidence that PCBs affect survival of fish at con-
centrations below 1 ppb, adverse effects on reproduction have been
noted at concentrations as low as b.l - 0.4 ppb, corresponding to

residues of 5 ppm in eggs (113, 114, 115). Effects were also noted
N, .

. 0023076

WATER_PCB-OOO431 57



on thyroid function in fish axpoaed' to‘n dietary level of 0.48 ppm.
PCBs (which corresponds to roﬁghly 0.4 ppm ivhole-body residue)
(:':fs. 73, 95; Figure III.5.2).

(v) Effects on regroducti:on in birds (Section III,6.4).

Marked effects on reproductive s ss (especially embryonic mortal-

ity) have been noted in chickens at dietary levels as low as 8-10
ppm of PCBs, corresponding to residues of only 1-2”ppm‘1n whole eggs.
It is doubtful whether the chicken is a good model for wild birzds,
since other species have proved less sensitive in laboratory tests.
However, second generation effects and synergism with DDE have been
noted in other species at dietary lew}els c;f 10 ppm (161, 164).

(vld.)' Hepatic Eogghzria in birds g‘Section 1V,6.3). PCBs in-
duced ALA-synthetase and caused porphyria in quail at dou_ea as low
as 1 mg/kg/day and probably at 0.1 mg/kg/day. These effects were
associated with ‘reaiduu as low as 1 ppm in the liver (145: Figure
I1I.6.1). . ' '

(vii) Effects on mink (Section IIL.9.4). Mortality and total
reproduct!.ve‘failuz"e took place in mink fed a diet containing only
0.64 ppm of PCB residues, the lowest dose tested (201).. In another
experiment at & higher dose level, there was ;vidence of synergistic
effects with DDT and dieldrin (200: Table III.7.5). The mink is the
only fish-eating mammal whose sensitivity to PCBs has been tested.

All these effects have been noted at exposure levels which
occur quite frequently in natural environments. Concentrations of

0.1 ppb are regorted not infrequently from polluted fresh waters -
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(48; Apbendix C), and concentrations as high as 0.4 ppb are reported
occasionally, Fish tﬁroughout the United States have tissue re;iduen
as :\;iiigh as those lisocilted with thyroid malfunctions (Appendix C;
93). Fish-eating birds often l'te exposed to fish with PCB residues
as high as 8-10 ppm (Section IV.3); many, perhaps most, fish-elt:lné
birds in the United States have residues in their eggs as high as
the 1-2 ppm that lffec.t batchability in chickens (Section IV.3.; 1,
2, 56, 225, 364-366, 371-373), Many fish-eating birds, even from
remote parts of the Atlantic Ocean, have PCB r:‘esidues in the liver as
high as 1 ppm (140, 387, 388). Fish-eating mammals
in the Great Lakes and many other areas of the United Stltes.will be
exposed to diets containing 0,64 ppm of PCBs (Section IV.3; 93).

Thus it is vteasonable to suppose th.lt at least some of the adverse

effects reported in the laboratory are taking place in natural environ-

ments.

IV.4.2, Effects Observed in the Field.

Several adverse effects- on wild animal populations have been
reported which have been associated reasonably plaustbly with ex-
posure to PCBs. )

. (1) ‘Bffecf;s on _reproduction in salmon, vaediyh f.nveatigntors
bave reported a statistically significant associlation between hatch-
ing failure in eggs of Atlantic salmon and PCB residues. Concentra-
tions in the range 0.4-1.9 ppm, wet weight (7.7-34 ppm, lipid weight)
were associated with mortalities between 16 and 100 percent (118).
This report was.published only as a preliminary note and complete

details are not available.
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(i1) Reproductive failure in other fish. Several gpecies of

fish .in Lake Michigan have not been reproducing effectively in recent
ycgés (409-410) . Despite annual stocking of lake trout since 1965,
for example, no wild-raised young have been collected (409). Eggs of
Atlantic salmon and northern pike have shown very low hal:chabiuty'ix‘\
the laboratory (410). These reproductive failures have been associa-
ted circumstantiall‘y with residues of PCBs and other chemicals, but
no clear link has yet been established,

(iii) Fin rot syndrome in marine fish. "Fin rot syndrome" has
been induced in the laboratory in spot exposed to 3-5 )lg/ 1 of Aroclor
1254 (106). The syndrome appears identical to that observed in wild
fish (croakers and spot) which died under conditions of warm weather
and oxygen depletion in Escambla Bay, Florida (166). Although the
deaths of the wild fish were attributed originally to lack of oxygen
in the water (99), the levels of PCBs in the dying fish (around 10
ppm) were similar to those in fish experimentally poisoned in the
laboratory (99, 111). This augsesta that PCBs may have played at
least a sggsiizgfgsz_role in che inctdente.‘

In i{ndependent observations, McDermott et gl: (370) have
reported that fin erosion has recently become érevalenc i{n dover sole
off Palos Verdes andMOrnnge County, California. Diseased sole have
higher PCB residues than healthy fish (median concentration 2 ppm,
wet weight, versus 1 ppm), bwffnrence was not quite statisti-

cally significant = 0,1). The syndrome was associated with con-

centrations of PCBs in water nmot greater than 4 ppt (370, p. 32).
~

.
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(iv) Deaths of fish-eating birds. Koeman (142) réportad that
a number of Cormorants .(gh_elacrocorax carbo) found dead in the Nether-
lnﬁsi in 1970 .contained high residues of PCBs (mean 190 ppm in brain,
329 ppm in liver, wet weight). These concentrations were similar to
those in Cormorants experimentally poi;oned with PCBs (76~180 ppm 1n‘
brain, 2i0-290 ppm in liver) ‘and Koeman attributed the deaths of the
wild birds primarily to PCB poiaon'ing (142). However, the correspond-

ing levels of PCBs in the fish and water were not knowm,

In November 1969, more than 50,000 seabirds, mostly murres
(Uria aalge), were found dead 1in the Irish Sea., The most cmiatent.
findings at post mortem were emaciation, liver damge: and high resi-
dues of PCBs in the liver (2-880 ppm, wet weight) (389). Birds -

lected in apparent good health at the same time and place had body

burdens similar to those of the dea the healthy birds-

the PCBs were stored in the fat, whergu in the dead birds the PCBs
Wnerefﬁe uemsl likely that food B
shortage triggered the fncident, but aincevthe liver residues of PCBs
in some birds were well into the lethal range (142) t seems likely
t'bgt«s_gng__.nuho‘u«rdo—neem-m poisoning. This is an
important ;xnmple of the interaction of environmental and toxic
nt.reuea. Residues in fish in the same area were in tﬁe range 0,01~
2.6 ppm (389).

Glaucous Gulls (Larus hyperboreus) wi:ich had been feeding on
the eggs of seabirds at Bear Island in the Arctic Ocean had high

levels of PCBs n the liver (mean 24 ppm). One individual found
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dying with failure of coordination of the limbs had 311 ppm PCBs in
the 1iver (388) and is therefore likely to have succumbed to PCB
poi;i?ning (140, 142). The exmnpie is important b.e.cauae the PCBs were
lppa;-ently acquired through the natu;dl food chn;ns of the North
Atlantic and Arctic Oceans (387, 388).

Two Bald Eagles (Haliaetus leucocephalus) have been reported
dying with high residues of PCBs in the brain, One found dead in
iu.chignn in 1970 had 235 ppm of PCBs and 385 ppm of DDE in the brain
(390). Another found dead in Michigan in 1972 had 190 ppm of PCBs
and 55 ppm of DDE in the brain and 1200 ppm of PCBs in the whole body:

the immediate cause of death was drowning, 3s it was seen to fall off

?

a perch into the water (391). In each case the residues of bz Pﬁa
in the brain were in the lethal range (142, 391) and in the first case
residues of DDE were also: it seems likely that the birds died from
the ccmbit;ed effects of PCBs and DDE poisoning. The first bird was
from the Lake Michigan area (Grand‘Traverle' county) ; the-second bird
was probably from southeastern Michigan, The Bald Eagle is an endan-
gered species and is subject to. the special provisions of the Endan-

~

gered Species Act of 1973.

(v) Effects on reproduction in fish-eat'ing bird. . Herring
~Gull.a are experiencing low reproductive success at colonies in Lake
Ontario, but appear to.be breeding normally at colonies ig the other
Great Lakes, including Lake Michigan (366, 392, 393). The breeding
failure is characterized by early embryonic mortality (393) and is

associated with high levels of PCBs in the eggs (Table 1V.2.17).
a

-
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Recent studies have shown that the embryonic mortality 1;
auo\::iated with porphytll and edema (subcutaneous, pericard!.ll, and
abdominal), and that these conditions are statistically auochted
with high PCB levels (406), In addition, deformities of the fcet,
toes, and eyes have been recorded in chicks of Herring Gulls and th;:eé
other fish-eating species in Lake Ontario (407).

In studies of other species of fish-eating birds, reproductive
failure and egg:hell-thinning‘have been associated primarily with
residues of DDE (56, 364, 372, 373, 394) and no other study has sug-
gested an independent effect of PCBs., However, only a few species
have been studied to date, )

(vi) Premature births in sea-lions. Premature pupping in sea-

lions has been noted on San Miguel and San Nicholas Islands, Cali-
fornia, since 1968. Most or all of the premature pups die (374).
Residues of PCBs were much higher in the females giving birth to

premature pups than in those of. females giving birth at full term
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(means 112 ppm and 17.1 ppm PCBs in.blubber, respectively). However,
residues gf DDT compounds, primarily DDE, were. also elevated in the
fcn;'nklcs glving birth prematurely (means 824 vs. 103 ppm in Plubber).
Fish in this area have residues generally in the range 0.01-2 ppm
PCBs, ranging up to 4-6 ppm in the vicinity of sewage outfalls (376).
In all cases summarized above, the association between PCB
levels and adverse effects in wild animsls is somewhat circumstantial:
this is f{nevitable in an epidemiological type of investigation. How-
ever, in each case the suspected adverse effect can be matched with
adverse effects noted in laboratory animals with comparable residue
levels, In several of the cases the ndve:;e effects were also assoc-
iated with high levels of DDE, and additive or synergistic effects
seem likely. The interaction of environmental and toxig stresses is
also apparent in several cases, Together these exapples-uem suffi~
cient to show that current levels of envirommental contamination
with PCBs are having adverse effects on natural ecosystems, but the

ambient concentrations at which they do so has not been established.

IV.5. Potentisl Effects.in the Human Population.

As detailed in Section III, several different téxic'effecu
have been observed in experimental animals exposed to PCBs in the

diet at levels as low as 0.5-2,5 parts per million. Surveys by the

'U.S. Pood and Drug Administration suggest that the average level of

PCBs in the human diet in the United States is now about 2.2 parts
per billion (Section IV.2.7 above). There is thus a factor of 200-

1000 between the average level in the human diet and levels known '
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to cause effects in experimental animals, °

Ia addition, rasidues of PCBs are sporadically distributed . -
in the food supply and some individuals Lngeit much more than the
average: persons with dietary preference for fresh-water fish and
breast-fed infants have been identified as high-risk groups (2, 331).

It is not yet possible to use epidemiological studies to
estimate safe levels of intake, for the following reasons:

(1) Epidemiological studies in the ;emral population are
not being conducted, and in any case woul'cl be diff.léult or impossible / 4
because of the widespread exposure of the general public, ]

(11).The Yusho incident, although providing'sm dou-niponu )
information, is confused by the high level of PCDFs in the ingested /
PCBs. o <,

v

(411) Occupattc;nll experience in the past has provided no
quantitative dose-response information and in any case may be con-
fused by effects of PCDFs in older formulatioms.

(iv) Current studies of occupationally txgolcd workers are
still in progress and in any case will provide information only

about adults,
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V. Criteria Formulation

The criterion level for PCB's is 0.001 ug/l PCB's. It should.

.
. be noted that if all PCB entry into the enviromment were to stop
.:I.mnediately, the environmental burden would in same waters still

&xxceed the arbient water quality criterion. while EPA is
attempting to prevent the continuing discharge of PCB's, or at
least to minimize the continuing discharge of PCB's into the
aquatic environment, the responsiblity for protecting man from
contaminated interstate commercial food products is with the Food
and Drug Administration of the Department of Health, Education, and
Welfare. -

The chronic' effects of PCB's in man may occur at extremely low
ccncentmtims Although it becomes virtually impossible £o state
with confidence that any PCB concentration above zero provides an
arple margin of séfetyformm, ﬂ!ePCBcritérim'mmberis

had

believed to provide protection for the aquatic enviromment.

-~

The criterion for PCB's is derived with considerdtion of the
bioaccumilation potential rather than solely upon the more
tradit.innal use of an application or safety factor applied to an
acute toxic value. The reasons for this approach are the
envirammental persistence and bicaccumilation potential of PCB's as
outlined below:

.
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. ‘The persistence of PCB's in the environment is such that they

present long-term envircrmental hazards.

The laboratory determination of the bicaccumilation potential
for PCB's in general has been shown to be around 274,000 times

~the PCB level in the test water. There have been
xcertain animals captured from the aquatic environment have

: tly bicaccumilated PCB's in their flesh to levels of
beween3axﬂ10m£uimf.imsthatofthemtercmcentratim
in which the animals were captured. It is important to note,
however, that the level of PCB contamination in the food of the -
captured aquatic life, as well as the concentrations of PCB's

life pericds,
pot:entialofPCB'sintheaquaticmmmtismcertain
Therefore, the bioaccumilation potential demonstrated in the
laboratory of 274,000 is the number which is used in
determining a criterion level.

The demonstrated physiological effects of PCB's on fish and
consumers of fish and wildlife, which include reproductive
failures in a broad phylogenetic group of aquatic and
terrestrial animals, liver enlargement, enzyme induction and
skin lesions, require the consideration of parameters beyond
the usual acute toxicity and safety factors.

Data which support a one part per triilim (0.001 uy/1)

criterion are:

0.1 ug/1 will cause population shifts in phytoplankton. It is
_important to note that at this level of the food web
bioaccmulationdoesnotplaya:oleintheadverseeffect
Bowever, this concentration is extremely low and does have
significant ecosystem consequences since shifts in populatim
atthislevelwinhaveani:rpactmthefoodforhop

predatars.
0.4 to0 0.5 ug/l lowers the reproductive potential of some
invertebrates.

0.1 uwg/l will lower the species diversity index of some
invertebra .

Biocaccumilation has been demonstrated in the laboratory at
concentrations of around 274,000 times the water level.

~
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PCB contaminated fish will cause detrimental effects on
consumers of fish.

At064ppn (nd.lligrm\sperkilogrminﬂxefood),
% yeproductive failure was cbserved in mink.

‘At 3.57 ppm (milYigrams per kilogram in the food), mink died.

At 2.5 ppm (milligrams per kilogram in the food), reproductive
dysfmctimsomredin&nrhesusnaﬂ:ey.

At3ppn(milligrmperkilogrmmﬁnfood),mmrbanty
was cbserved in the rhesus monkey.

In rats, 5 ppm (milligrams per kilogram in the food) resulted
in the induction of enzymes in the liver.

At levels of between 40 and 300 ppm PCB's in chicken feed,

deaths of chicken occurred. Repmductive failures oocmed at
between 8 and 10 ppm PCB's in the food

Ulceratiminﬂnstamchsofdogsocctxxeﬂafterlmgm

feeding at 1 prm PCB in feed.

Based upon the highest bicaccumlation factors demonstrated in
the laboratory, a water criterion of no mare than 0.001 ug/L (1
part per trilliom) sknﬂ.dpu:widepmbectimbothex;uatlc
ecosysten, mdshmﬂ.dpmvideamn;inofsafetytomecmsms

o

of aquatic life.

Adverse effects in man that are due to PCB ar polychlarinated
dibenzofurans (PCDF) contamination have included: chlaroacens,
swelling of the eyes, and liver involvement. There was no
quantification of the levels of PCB's ingested by those individuals
affected by PCB's. The carcinogenic threat due to PCB's has not
been conclusively demonstrated, although based upon interpretation

.
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of data, some researchers have concluded that PCB's have resulted
(f in cancer in the mouse and thus they represent a threat to man.

\Based upon the proven bicaccumilation potential of 274,000
unéﬂumbimtmmmummmlmmﬂ;ﬁm, the
level of 0.001 ug/1 FCB's should afford protection for consumers |
whose sole diet consists of aquatic organisms contaminated at the
mtornmdxmllevalpmd}.ctadbyaxe laboratory data.

o«
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