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1. INTRODUCTION

Hutzinger et al. recently reviewed the chemistry
of PCB's. In lheir preface these authors state,
“Opinions on the imporiance of these ubiquilous-

Ay distributed indusirial eampounds, however, stil!

vary greatly. The authors do not wish to enter this
discussion.” In this article, an attempt is made to
assess Lthe biolagical impact of these materials,
both on man and other creatures thal inhabit this
planct. The information un the production and
usages of these materials is brieflly reviewed,
followed by a more detailed look at levels found in
various types of organisms in various paris of the
world. This information is used to consider the
roules and rater of iransfer of these materials
through the ecosystem and their biclogics! mag:
nification during these processes. The physio-
logical effects of PCB's are then considered, and
their likely importance is assessed by comparison
with existing environmental levels.

The picture is complicated by the fact that we
are not deating with a single compound. The basic
structure of PCB's is:

where uny of the positions marked with x can be
substituied by chlorine. The physical properties of
PCB's huve been described in detail elsewhere.’ In
brief, they are chemically ineri, are not hydro-
lyred by water, und resist alkalies, acids, and other
corrusive chemicals. They have low volatility, their
boiling points ranging from 278°C fur Aroclor
1221 10 415°C for Aroclor 1268.2 AM arc stable
to prolonged heating 21 150°C. The solubllicy of
PCB's In waier is very low, and is high w
hydrocarhon solvents. The degree of chlorinztion
is cxpressed by the number following the frade
names. For the Aroclor series the lust (wo digits
give the percentage of chlorine. The Japanese and
American equivalends are given in Table |,

2. PRODUCTION OF PCB'S

Detailed figures on produclion and usages of
PCE are only availuble for the U.S, (Table 2) and
Japan (Table 3). Additionally, PCB's are known 10
be manufuctured in Gennaay (Bayer), France
(F.odelec), ltaly (Caffurn), U.S.S.R. (Sovol) and
<crechoslovakia  (Chemko), although production
figures are not available.’ In 1970 the combined
production of Jupan and the U.S. was 107 mglwn
pounds, and the 1otal world produetion <can he
estimuted at 150 1o 200 million pounds. This 1s
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f TAULLLU 1

" American and Japaacse Trade Nemes of PCL's and Thiwir Degree of Chivrination

AMICTiCOn rade feme Japwnew Vrade nane I Chlonne Mo corpuanuinds

1
. Atuclor 1232 Kanecldor - 200 n diehbnrinated
v Aroclor 1242 - 300 42 (i hborened
: Aroclor 1248 - 400 43 wetrachlvnngted
| Anxtor 1254 so0 54 pentachibmmated
: Aroctor 1260 -600 &0 hesachlorinaied
‘ probably half the maximum production of DDT ments 1 destroy spent PUB Quid snd destroycd
o that occurred in the laie 1D60s. 22 % 10" mewric tuns in 1973 amd 1.2 X 10"
Y The figures in Table 2 reflect the restriclians melric tnns in 19744 O the basis of Jhese
s placed on the usages of PCB's by Monsunlo. and changes it use palterns, the inpuls and acomnula

ark he

L

currenily PCB's are soid only to (he electrical
indusiry for us¢ in closed sysiems as a dielectric
ftuid in Lransformers and capacitors.

3. TRANSPORT OF PCB'S
IN THE ENVIRONMENT

The basic document for this sectinn s the
analysis made by Nisbet 2nd Sarofim,* wlthough
an atiempt is made to updute in the light of more
recenl rcsearch and the resttictions placed o the
usage of PCB's. These workers made the following
assumptjons on the useful jfe of objects contain-
ing PCH's:

A.The rate at which capacitors are dis-
catded, primarily into landfill dumps, is equal to
half the rute of production.

B. Ten percent of sales of {ransformer Nuid
is to replace scrapped it

C. The rate of vaporization of plosticizer
amounts 10 10 10 20% of salex.

D. The rate of dispossl of plasticizers into
dumps is equa! 1o the residual 80 10 Y0% of sales.

Wsing these assumplions Nisher and Sarofiin cal-
culated gross estimates of the rates of input and
sccumulatioa of PCB's in North America in 1970
{Table 4). Starting in 970, restrictions were
pluced by Monsamio (the sole U.S. praducer) 1o
reduce the environmentad input of PCB's. The use
of PCB's in pesticide formulutions was dir_oa.
tinued in earty 1970 although evidence s pgests
that 1his was 2 minor use Later in 1970, sales of
PCB's for plastivizers, surface coatings, and
adhesives were stopped. The main uses now are in
sealed dlectrical transformers and capacitors and in
heat tansfer sysiems. Monsanto has made arrange-
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tinns lave been secalculated for 1974 (Table 4),
Simce PUD's have nol been used as plasticizers Lo
Vhree years. the input from thie vaporization from
this somice should now be negligible. Vaporization
fumn upen burning is dependent on the amount of
PCB's reaching the site, and it s srbitrarily
assumned that (his is decreasing ab o wate of 20% per
year.

Nishet am! Sarolin® estimated thas 1.5 10 3 %
10 metiic toms per year of PCB's were vaperized
into the atinosphere in 1970, Now it is likely tha
the amount bas dgegrewsed by an urder of magni-
tude since the major source, vapusization from
plastrcizers, has heen sconwed.

Maugh® reported oo the possibility thay PCB's
could be foamed trom DT under the influence of
UV light. §1 wax pointed out earlier® (hat this
would only be expegied 6 lead (o dichlotebi-
phenyls which are not normally fouad in environ-
memal systeius, .

Nisbel and Sarothin? calcutated that 1he cotal
mput of PCBt o the seas arvund North
America, madoly into the Alantic. has been 1.5 X
1 tons. This figure can he compared (o 1be
globil valie calculated for DDT of § X 10* 1ans”
On an annugd basis, the Qwxes into the North
Atlantic would he S X 10* cons fue PCB's and 2§
X 10" 1ons for DDT. Uking che laster figure, the
SCEP (Sindy of Critica) Environpenta! Pioblems)
calculates a figiie of § ngfl Tor DDT in the s fige
mixed layer assuming a residence tine ol S years
These calcedutions ure hased on the praductiun
and usape patterns of 1lie late 19605, and in North
America these huve chasged considernbly in the
lasl § years. Seba and Corcoran® meusured fevels
of urganochlonne pesticides in surfuce shicks and
ses water in | 96K, They found values rangmp from
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' TABLE2
PCD Production and Usage in the U.S. (Metric Tom)

1957 1938 1959 1960 1961 1962 1963 1964 1965 1966 1967 196E 1969 1970 1911 1972 1973

Dumesuc use by category

Heat ansfer - - - - - b 29 464 618 B3 L1311 1264 1525 1979 1530 376 -

Hydiaulics/lubricania 804 718 1342 L2462 2085 0957 1973 2187 2308 2,129 2322 2,883 4020 3701 716 - -

Miscellancous industrial 352 i7e 184 79 1.0%7 547 T64 846 920 889 n3 642 540 B3 51 - -

Tiamformet 6478 1059 2992 390 3147 3992 3645 3998 4328 4455 5535 5792 6.052 6914 5367 12828 1887,

Capeciror 8514 7050 8250 8483 7968 1691 1803 9770 11,874 14842 14851 14775 12511 13354 7070 :

Pascicizer . 1,99 2286 31722 4549 4462 459 S5.168 SBAE 6,740 6630 7102 8230 978 1630 - - .

applications :

Petroleum additives - - - - - - - - - - - - ny - - - - !
Domestic wse by PCB grade .

Aroclor 1221 11 8 127 52 47 0 (L] 98 185 164 21 ul 254 718 1,107 [ 4] 18

Aroclor 1232 " 57 120 n 120 112 L] [ 4 8 12 45 136 130 8s - - !

Aroctor 1242 9118 5222 6799 9,09 9973 10327 9.255 LT85 15762 19,778 21.527 22427 22745 24294 10.9%0 ¥4 3l00 '

Atoclor 1248 889 1279 1692 (4l4 2072 K730 2506  2.619 27TE2 2507 2352 447 2825 1036 Lo6 404 -

Aroclor 1254 2230 3345 3377 3044 3447 3162 1955 3740 3864 3517 3348 4445 49014 6210 2330 | 747 1988

Asoclor 1260 3,793 2997 3370 3663 3270 3,297 3B1) 4267 1918 2937 3,208 2626 2220 2448 864 152 -

Atoclor 1262 % 92 179 163 180 176 207 23 279 384 420 360 356 512 1 - -

Aroclor | 268 - ¥ 51 94 79 103 142 95 9 142 144 140 150 165 - - -

Aroctor 1016 - - - - - - - - - - - - - - 1667 10451 11,765
Production . . . 18960 18,257 19176 22,367 25416 30.240 32,924 37.654 £2.427 38194 42527 17497 {9300 21089 '
Domestic sabes 16,049 13030 15655 17,604 10769 19.021 19066 22.434 25098 29539 3L.233 32556 33597 36530 17,150 13204 (687
Exporn b b hie .. e .. [LE23  2.048 2117 3426 4,082 5615 S31! 682 - 3194 4173
*Produclion figutes and plasticizer applications flyures avaitable during ) ear indinated

s *2U.S export sales Tigures unavailable during year indicated.
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TABLE?

1

PCB Production snd Usage in Japea (Metric Toms)

[ a)
ﬁ, Domests. woa by
< cagerony 1957 1958 1959 1940 196} 1962 1967 1964 1965 1966 1967 1968 1949 1970 197
g Eteciricel 760 740 1,080 1,320 1360 1640 1270 1920 199 2600 2370 2830 4220 5960 4560
x y
z apperatus
3 Heat ramwminter 80 100 120 170 130 240 240 400 450 660 730 720 1290 1890 190
2 Copy paper - - - - - 10 30 100 110 00 90 180 1,330 1%10 350
H Other uses 30 40 20 150 180 00 170 10 40 0 0 %0 330 »o 100
hot
-_§ Production 820 90 1260 1540 2,220 2.190 1,810 2570 1000 4410 44820 5130 1,70 11110 6,780
H
H Impocts - - - - - - - - - - 6 100 110 150 170
=
o Exports - - - - - 100 100 40 160 580 120 540 590 1000 7Y
]
E Adapred (som Fujiwara, K., Reporr. Deparimens of Hygienic Chemaoiry., Kyoto City lastitute. Kyoto. Japen.
1974
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TARLL 4

Latimates of Rater of lapus and Accumulation of PCB's in Notih Ametica in

1970° and 1974°° {Meinc Tons)

1979

Vaporizalion of I-2x 10*
plasticirert

Vaporization during 4210
apcn huining

Leaks sl disposal 4-5x10°
of industrial Mluids

Destroyed by incineration x 1P
and opch burning :

Enspoxal in dumps 1.8 x 19*
and Jandiills

Accumulation (n seevice x 10!

1974
Neghipibtle  Mainly 248 10 1260

1.5 %100t

a-sx 1004

12x 100t
Tx 10

4x 0

*3-10m Nishet, 1 C. T. and Suinfim, A. I°, Environ. Health Perspect,, 1, 21,1972,
**Caiculated from the assumptions of Nishel and Satofim, see (ent. .
T Assunting 20% fyear decicase in PCR reaching open burning.

ttassumed 16 have decreascd an order of magnitude. Partially due to collection
by Mantanio and perilally due to gresrer awateness and many (awer fiims

mandiing the material.

80 ngft some 25 miles off the Flurida coast 1o »
maximum of 12.7 pgfl in Biscayne Bay. No DDT
compounds were delected in sea water, himit of
detection was 1 ngfl. PCB's were nov mentioned
and presumably not examined for. Hartung and
Klingic:® found that the parlitioning coefficient
for. p.p-DDT beiween il and waler is around
10%. Finding thut the level in sea waler was below
I og/l 15 not surptising in view of the levels in oil
gicks even though cquilibrium may well not be
complete. The dala in Table 4 confirm the low
levels of DDT in the upper mixed layer, although
by 1971 the usage of DDT had murkedly declined
in North America.

Current evidence suggests that the bulk of DDT
iansferred to the ocean is not dissolved in the
upper mixed layer, nor is it present in agquatic
organisms. W appears thal DDT is sedimented,
dcgraded beyond DDD or DDE, or co-distilled
back into the aimosphere. At present Lhere is Hitike
evidence on which 10 evuluate Lthe relutive impor-
tarce of these mechanisms.

The levels of PCB's are most interesting. The
values for 1971 und 1972 (Table S} are much
higher than would be predicted by calculation
dong the lines of the SCEP report. If one
multsphies Lheit value for DDT by the satio of
estimaicd amounts of transfes of PCB and DDT,
one comes up with a figure of | ngh

{(SngN X f-"i—'—-"d'-, ). Then the figures show » rapid

decline to about 1/30th uf the earlier values. This
shows Lhat the levels in the upper mixed layer are
in much more rapld equilibrium with atmospheric
values than wes previously indicated. In making
these colculattons one has to bear in mind that
these measurements are cluse 10 the limit of
amalytical capability, wnd suggestions have been
made' ® that muny subsiances as yet unidentified
may be included in the analysis and may introduce
serious errors. The basic quesiion is the accuracy
of these figures. While it is nol possible 10 check
the actual determinaiions, it is possible to cal-
culate the implications of accepting figures. If an
urea for the Notlh Allantic is 5,000 km?, then the
volume of the upper mixed layer (100 m) would
be 25 X 10! ml. Assuming Harvey el al.’s value is
30X 1077 ¢/ml,!? then the amount in this layer
of the North Atlantic would be 7.5 X 10'® ¢ of
approximately 10° metric 1ous. This figure is high
as compared with the calculdted annusi Mux to the
1otat production of PCH's. The PCB found in sea
waler is of Lthe 1254 patiern; the maximum annual
usage of whick is only 6 X 10 melric tons. Even
If higher Aroclors are included, the figure would
be 10 metric 1ons. Thus, 1he indications are that
the delerminations of Harvey et ul. are too high.
Bidleman and Olney'' show that the levels of
PCB's in the surfoce microlayer (150 um) is
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TABLL S

- PCD and DDT Conccatrations in Notih Atlantic Suffsce Waters, 1971 (0 1974

Mean PCH

Aney
Iectamdt « Newloundland

Newfuundtiod  Portugat
furtugat - Norwegtan Sea
Massachuselin -~ Rerouda
Sorpasse Sea

Referenue
Olacy and Quinn cued s

Itarwey ctoal, 197 00
llarvey e1al, 1973 %4

Olncy and Quinp, 1974 74

Mean DY
Dale ngf) npft HRUrCK

August 1973 25 ns -
buly 1972 4] <l <0.02
Aupust 1972 36 <l

Seplembey 1972 n <1 <0.0)
April 1973 1 <0.15 <0.15
Seplemhes 1973 2 <1 <05
September 1973 08 Nt -
Vebruary 1974 0R n.s. -

n.s - not satcd.

substanttully highet thun sulsurfuce water (30
cm). The surface, even in the absence of visible
slicks, is an ared of high contentration of viganic
materials.'® The information o PCH levels in
sediments is confined to areas near sources of
direcy contwsmination, Hum et al'? nade an
analysis of PC and DDE in u dated corc from the
Santa Barbara Bagin of the coast uf California
They found that PCB depusition staried ahou!
1945, and that the raie of depositivn in 1907 was
1.2 X 10™* g/m?lycar. Holden'* and Halcrow el
al'® have found PCB's in sludpe and mirine
sediments neat to dumping areas off the cnasts of
Great Britain. Linko et al.'® fouud residuc levels
of 0.01 ppm in sedimenls in the Baliic, and Dexter
and Paviou' 7 found residue fevels® up to 0.7 ppm
in sediments near Athens. An experitnent of great
interest would be to examine dated core samples
from the North Atlantic remote from direct
sources of contamination. Such measutements
would enable us to balance the transport figures
for both PCB's and DDT in the enviconment. The
higher DDT/PCH ratios in the Pucific carrelute
with the findings of Bevenue et al.!* who found
DDT in all rain water samples callected on Hawaii
during 197]-1972 bul did not detect any PCB's,
However, It should be pointed out that the
sensitivity of PCB dclection is considerably less
than for DDT. Bidleman and Olney’' mcasured
the ievels of PCB's and DDT in air, the sutface
microlayer. and subsurface water in the Sirgesso
Sea. The DDT/PCB rulics were low, typically 0.1
to 0.004, which is in line with the tow levels
reported in zoonplankinn over a wide zrea of the

Arores Lo Uarbadns

Sargasse Svi - New Yok

New Logiand continentat
shetr

farvey et ol 19740

North Atlantic,'* which was considercd by Nisbet
und Sarofim 10 be the major discrepancy of the
DDT/PCH rutio duta.

A recent review®® points oup thas degiadation
producls have niv hecn identified for PCB's in
aguatic systeyws, and the relalive importance of
degradation and pedimentalion remaivs to be
apsessed.

Scedergren’® ! examined she levels of chlorinated
hydrocarhons collecied in nylon neis a1 several
sues in southern Swedew in 1970 und 1971, The
gengraphical distribulion of PCB aud DDT was
distinetly diffcrent, with PCB's sksowing high levels
(up to 10,510 ng per m°? per moanth™') in
westein Sweden and wuch dower levels (620 to
2190 ng pet m™* per month ™'y in castern arcas,
whereas DDT shows  little  variatioss between
samphing perints. The higher residues in southwest
Sweden presumably come from local Swedish
industry with likely additions from Denmark and
indastrialized disieicts of West Gesmany.

Bidleman and Olney'' tackled the problem of
the relative immportance of particulale matter und
free malecular forn. They found that filier-
retaived PCB were less than 2% from Bennuda of
samples analyzed in 1973 A similar situation is
found with the aulhors' values from Rhode
Island®?, althuugh Bidleman cautions that e
evaporution {rom the filter may sncrease the frec
value. Bidleman and Olney found values of 2.1 (v
9.4 ng/m’ for Rhwde Island, 0.2) (o 0.65 ng/m’®
for Bermwda, and 0.72 10 1.6 ng/m? for the
Sargisso Ses. Their walues are higher, by t(we
orders of magmiude, than earliey work on organe

*Rewidee levelt ot vited in paes pee mifljion (ppm) (diowing uswal catventien. This is eyusvalent (o elp.
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cial, 1973
o1al, 197308

‘nd Quinn, 1974.%*
vigl, 1974.%°

«dered by Nishet
vepancy of the
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iwportance of
emains to be

15 of ehioninated
nets at several
tand 1971, The
v and DDT was
swing high tevels
1 month™) in
- levels (620 to
e easiern areas,
wtion between
ws in southwest
local Swedish
wm Denmark and
many.
- the problem of
date matier and
and that fiiter
win Bermuda of
wilat situgtion is
+ from Rhode
wihions that re-
iicase the free
values of 2.1 10
! 1a 0.65 ng/m®
ug/m? for the
higher, by (wo
wark ol Otgano-

¢hlorines in  this area’ but these workers
collecied samples using hangmg nylon screens
which only trapped PCH's ottached to prrtwulatex.
Eiichi »nd Ho** found values around 3 ng/n’ n
Nagoya, an industrial ity m Japan. Curremt
findings suggest that the aimuspheric tevels are
higher and residence times shorier than suggested
by previous work.

These findings do not invalidite the gencral
conchusion®'** that the aciial rouic is much mure
imporiani than ron-ff in transpott of PCB's ini
the ocean. Reeent studics have fregquently failed to
derect PCB's in rivers, ie., Greve?™ in the Rhine,
and Ssempson?? in major rivers and the Great
Lakes of Norih America.

4. RESIDUE LEVELS

The aim of this seciion is 1o [abulaie the jevels
of PCB’s wt various (rophic tevels in different paris
of the world. Nu atfempt at completencss is made,
but selection is made to cover a range of trophic
fevels and as wide a geagraphic ares as pustblc.
Unfortunately, studies outside Europe, Japan, und
North Americy are compuniively few.

The environmental levels in five major groups
of orgamsms are cxamincd. These are: (1}
plankton, (2) fish, (3) oceanic birds, {4) aguatic
mammals, and (5) (op avan  predators.
Additionaily, levels in human food and i human
beings arc considered.

The levels of PCB's tend (o parallel those of
DDT and its majur metabulite DDE. In the
previous section on (ranspori the movement of
DDT was considercd as » basis for comparisun
with PCB. A widcly uscd cxpression of (he
retevanl conceniraiion is the ratio IDDT/PCB
where IDDT is the sum of DDT and its metabo-
kites.

A. PCB Levels in Planktons

Stringent precautions are necessary in the
collection of ptankton in order to achieve accuraie
resuita. Grice et ol poini oul that as any
ocean-going vessel is an sbundant source of poliu
tants such as peiroleum hydrocarbons and pesii-
cides, the collection of uncontaminated samples
for analysis Is difficult. These workers give a tist of
precautions and consider that the internal con-
sistency of the dutu should be carcfully examined.
Jensen et al’? cleurly showed that sumples
cofiected in the weke of the boat sre sirongly

contwminated with PCR's from the bottosn pant
Additionally, these workers showed that  the
chromutographic patiern of PCB's of wake symples
resembled the pattert of POB's extvacted fiom the
paint, whereas (he samples from the bow showed
different pattern. liarvey and Teal!? have shuwn
thut plankton can exdract absorbed hydrocasbung
from the net, and further thit the net is n
cquilibrium  with hydrocarhot materists in the
waler, detrifus, and plankton. A sweep of 3 nel
thus semples the enthie sysiemy ruther than the
individual cumponeuts. Ware and  Addison™
stndicd the effect of panicle size un PCB concen-
tration of plankton collected in the Guil of St
Lawreiwe. They found that there wus a linear
retationship between the surface (o vohune ratun
of the difierent size fractions and then PCH
contetl. The levels of PCB's in the 73 1o 102 s
particles ranged as high as 22 ppin an 2 wet werght
hasis and are easily the highest PCH concentrations
reporied in plankton. The vatues for ecompuosite
samples (ploticd ou Figme 1) ure more i line with
valucs for other areas.

While carefully stundardized procedures are
essential for monitoring of residue levels in
plankion, there is no doubi that a global system of
monitoring would udd (v our knowledge of the
rate o 1ransfer of pollutants (o the open ocean
The current knowtedge of levels in plankton are
swnnurized in Figwe |, The values fur (he npen
Nerth Aflantic are remathably similar 1o those
from such polluted areis a5 the Balt und 1he
Firth of Clyde. The vatues fur the South Atlantic
e considerably tower; unfortunnicly no values
are avaitghle fnr the Pacilic.

B. Residue Levels in Fish

Evrope -~ The data on levels fo herring yre
summitized in Figwie 2. The highest levels ure
found in the Mediterranean and in the Baliic. The
Bultic has been particulurly wellsiudied and for
additional information the reader is referred (o
Jensen et 4] 23+ % aad Westoo and Noren.??

North America - Reinke ct al > ® examined the
organochlorine Fevels in fish caught in 78 locations
i Canady in 1970. Goud covetage was obtained in
Alberta, Saskaichewan, Manitoba. and Southern
Oniuria. Nine localities in the  Northwest
Tertitorics were gunpled, bl poac in Brirish
Columbia, Quebee, or the Manilimes. Values for
levels of PUB are not given but authors uale
“"PCB's weic quitc prominemt throughout e
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Great Lakes and appeared (o & lesser degree in
southern Lake Winnipeg in Manitoba and in the

! Bow River in Alberis.™ "
H tn the U.S., the fitst major sutvey of PCB levels
i in fish was madc by Henderson ed ai.*® Their data
are mapped in Figure 3 and Lhe averages include
those sampies in wnich PCB's were not deiected
by plugging in the value of the limit of detection,
viz., 0.10 ppm. They found that PCB's are a majot
contaminant in fish, and, In two thirds of the
samples, the PCB residues were higher than those
of total DDT. The majority of the high valucs are
found in the northeast, especially the Gieal Lukes,
wheteas Gulf coast and west coast values are
gencrally fow so that the pattern is different from
that of DDT. There is no suggestion of concenira-
t1on around the site of production, viz., St, Lows.
This survey was made in the fall of 1969, and no
more recent national survey hus yel been reported,
Cair o o) *? exsamined orgunochinline residues
in six species of fish fiom many sampling points in
take Ene in 1970 and 1971, Average values (or

476 CRC Critical Reviewt In Environmental Conirol

- FEIGURL I,  Globat PCH's lcvels in plankion, Values are in ppm (lipid).

the 6 species ranged from 0.8 to 4.4 ppm PCB.
considerably higher than thoge for tedal DDT
which were 0.18 ta 0.90 ppin. These findings are
in agreement with those of Henderson et ab.** For
tie Adlaniic const Zitko and Hutzinger*! found
that most marine fish had 0.2 to 0.5 ppin. Zitko*?
has examined levels in herring in the Maritimes in
[972 and 1973 and cumpared thew to the levels
fonnd by Addison et 31.°° in 1968 and 1969.
Theie a1e some ditficuliies in that the data are not
always stricily comparable, but the majos linding
was that PCB tevels have remained constant while
DDT levels have decreased over this period.

Caribbean — Giam el al*® sampled o number
of differem species of fish in the Caribbean from
Flatidu, around the Gulf of Mexico to Yucatun
The levels were low, most below 0.1 ppm (we
weight). with the highest value 0.5 ppm near the
Mississippi Delta, Glam et al.** examined teveli in
the coral-tc2l dwelling Groupers and ondy 2 fish
out of IR exceeded 0.1 ppm, the maximum value
recorded wus 0.2 ppan.
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ALASKA
CHEND R. 2 43
KENAL A 3. 21

AFTER MENDERSON, INGLIS & JOMNBON, 137t

ESTIMATED PCB CONTENT OF FISH IN PPM. DETECTION
LIMIT 0.0 PPM.

FIGURE 3.

Japan - High levels huve been {ound in both
fresh and salt water fish in Japan.* 67 Hased on
$99 samples, Fujiwara® "’ seported that 16% of the
sumples excecded | ppm and 3% exceeded 3 ppm
The Jatter value is standard regulatory wvalue in
Japen. Doguchi*® summarizing results on 2,826
sampies found that {4} or 5% exceeded the 3 ppm
limit. They concluded “that the pollution by
PCB's is dangerously advanced in the agualic
environment around the megalopoles such as
Tokyo and Osaka and other industrial districls,
and gome species of fish in these areas are unfil for
human consumptions.™

Southern hemisphiere - Solly and Hurrison*®
did nut detect any PCB's in any species of fish,
crusiaceans, and mollusks from buth fresh and
coastal waters of New Zealand. Neuhaus e al*?
examining Tor residuc levels of urganuchlurines in
scveral species of fsh m Australia, did nol
comment on the presence or absence of PCH's.

C. PCB Residue Levels in Sea Birds

The residuc levels in sca hirds. a diverse group
of birds, have been the subject of many papers
(Tuble 8). The informatlion on 1wo species for
which there is clear evidence of reproductive
failure in soine areas where urganochlorine

418  CRL Criticel Reviews in Envirnnmenigl Controd

Levels of PCH's in fish in the US. Valuets are In ppm, on wel weighy hans.

residucs are high are given in saine detail. These
species are Ihe hening gull and brown pehican. The
pussible conses of reproductive failure are con-
sidered dater in  this  review  (Scclion 5}
Additiomally, data on pelugic sen birds. mnainly
shearwaters and slorm-peirels (Provellariiformes),
are summarized us for this giwp the wides
peagraphical information oo residue levels s
available. One difficuliy in building up a giobal
piclure af The residue levels is 1he highly migratiry
nature of sume spevies. The sooly shearwater, for
example, breeds on remoie islads in |he southern
Pacific and then inigrates around the basin of the
Pacific passing closc ta such indusirial areas as
Calilornia and Japan. Othier species, such as the
snow petrel, remain all the year in Anlasciic
waters. (n some cases, nolable sca hitd kills have
been  examined Lo assess the likelthood  that
organuchlorines have been involved.

Herring pulls  This species is closely assiwiated
with man, paiiicolarly In winier when SCIveIging,
in gorbage dumps is a way of lite. Noo surprisinglv
high residue levels have heen found v some arcqs,
cspectally thuse from the Grear Lakes of Nual
America. Reproductive success in soime colonitsin
Lake Ontario have been very low® (These
findings ure constdered in mure detail in Sectiun
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ac detail. These
s pelican. The
(atlure gre cum
(Section  5).
“+ birds, mainly
wellariiformes),
wp the wides
~idue Jevels is
hng up & global
highly migratory
shearwater, for
. in the southem
the basin of the
tusirial sreas as
1es. such as the
ar in Antsrclic
s bird kills have
likelthood that
el
lusely associated
when scavenging
Nut surprisingly,
nd tn some arcas,
Lakes of North
sotne colonies in
low.*® {These
1200 m Section

$). The residue levels in epys of this species are -

summarized in  Table 6. Bjesk and ol
examined the levels of PCH's in 10 colonies i
Norway. The varistion was sinall, the incan values
ranging from 1.58 ppin in sbuthern Norway 10
0.63 ppm halfwsy up the Aduntic coust. The value
for a colony in the extreme nurih wus 0,74 ppm,
In a¥ cases the ZDDT/PCB were berween 0.44 and
D.%7. The residue levels are higher on the Atlantic
coast of North America, but the levels of the
colonies on- the Great Lakes shawing marked
teduction in breeding success have levels an order
of magnitude higher.

Brown pelican - The diamatic Milure of the
reproductlion of this specics off the coast of
California, first noted in the late 1960s, was one of
the cleat-cut cases of a man-tnade chemical having
an effect in the environment. In this case, the
levels of DDE are much higher than PCB's (ratio of
crca 0.2) compered with ratios of 2 10 3 In
Florida, (Table 7). In the failing coluny al
Anacapa the levels of PCB's asc well below those
of the herring gulls in the Great Lukes. The DDE
levels are considerably higher and the main cause
of failure, egg shell thinning followed by bredkage,

is vutsidc the scope of this review, Similarly Blus
et al.*? considered Ut DDE was the shain agens
in the failuic of brown pelican nesting in Somh
Careling,

Sca bird kills - Several Jarpe kills of sea hurds,
espechally alcids. in the Irish Sea have heen
associaled with high residues of PCB's jn the
budies **** Parstow and Jefferivs*® found thy
the mcun total budy burden of PCB's in guilleniots
was 4,660 pg (body weight S80 g) in birds found
deid, about twice that found in apparcntty
healthy birds collected in the same area. Due 10
lots of much of their body weight (the healthy
birds weighed about | kg), the levels in organs
were much higher in the birds fuund dend than in
thuse collected. These suthors conclude tha PCB
residucs may have cantributed to but not been tlie
initial cause of nmiutity. Lhuyd et al.** exaimining
a hater kill, also conclnded that no definite cause
of mortality could be established. Lincer aad
Peakal’® teduced the food intake of ring doves
preioaded with Arcclor 1254 such that the bisds
were Josing  10% hody weight per week. No
differential mortatily was noted with conltrols and
the liver levels of PCB's were some 20 titnes higher

TABLE 6

Residue Levels in the Eggs of Herring Culls

Yesr of
Lacation colicction [ ] DDEppm) PCBppnt) Reference
Norway 1969 80" 1.53(w) 1.00 (W) fijerk and thohi'’
Maw Brunswick  (969-72 5 .t to 254 (M) Gilberison and
Reynoids®?
Bay of Fundy 1971 13 251 W) $31 W Zitho?
1972 15 1.32.(w) 33 (wi
1973 15 210w 1T W
Quecbec 1969-72 16 321 (» 65.2 (1)) Gilberison and
Reynolds®?
Lake Ontario 1973 15 134 (13 420 (N Yeopie'*
1972 16 13t () 568 Gilberison and
Reynolds'?
Lake Erie 1972 6 480 (%) b N (]}
Lake fluron 1972 s t1o MRl
Lake Superior 1973 Bt 159-339(W)  40.46-64.1 (W)  Rydo*d
Soulhein 1973 12 11.8 (W) 58w funt eral*”
Catifornta

*Summary from 10 colonics. {1'or details see (exl.)

**5ix pooled samplcs from three eolonics.
Closely retaled western eull.

n -~ Sample size.

W o Wet weighs basis,

D = Dry weighi basis
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TABLI ?

Residue Levels in Brown Pelican Egp

Sampie
Loctation Yest nize DDLippm} PCHippm) Referance
Flonda (Gull cousl) 1969 2? 1.37 (W) 089 (W) Blus at ot M
Clorids (Atlanilc cosst) 1969 2 24V 2.81 (W)
Soulh Caroline 1969 1 5.24 (W) 2.8 (W)
Caliloinia (Amacaps) 1969 10 Y W 3o (W)
Soulh Casolina 1971/11 [N .87 W) 550wy Blus et a)*?
2" 313wy T.94 (W)
Fiorids 1969 14 3T W L] B | Risebrough'*
1970 n 6 (L) & (L)
Florlds (five colonics) 1969 and 1970 L L M (L T Risebrough'’
California (Anacapa) 1969 and 1970 65 1176 (L) 210 (L)
_ (Lot Coronados) 28 Hoy (L W6 (L)
{San Martin} 6 429 (L) Ry I (W]
(San Benilos) 10 128 (L) ¥ W
(Coutf of Catifornia) 4 | ST 8 4 Ly
*Succensiul nests.
**Unmuccessful nests.
W . Wel welght.
L - Lipid weight.
Ratio WL cites 1:20.
TABLL 8
Residus Levels of Scabirds and Their Cggs
_ Locstion Spactes Tissuc DLE(ppm) PCBppm) Relercnce
Ascension Island  Sooly tern Liver nd. 0-9.2(L) Johnsion®*
Centrat Atlaniic
1l nd. Johnsion**
Fairy tern Lives nd. Trace Johnsion**
and Tat
Mautlrius Trinidad petre} Egpr 1.4-2.5( n.d. Temple and Peakal*?
Cemital Indian
Halleit Isand Wikson's peirel Whaole 2210 11,041y Risehrough and
Antarcites hody Carmignani®’
Snow peyrot Whole a1 034 (L)
Palmer Station Wihson's petrel Whole 45K (L) 188.3 (1)
Antarciica body
Ross Ishind Adtlie peaguin Fas 0018 (W) nef, Gemge and Frear®!
Anlarclica .
Souih Olkneys Chinstrap penguin sl 0.013-0.648 (W) n.e.l. Talton and Ruiicks®’
Antarctics
Skat Y] S 8and 26 0 (W) nel.
Livey 40and 09(W)
Palmer Station Skwa Epgec 8.7(L) 45.2(L) Riscbrough and
Antarctiica Carnmgnani*’
Greenland Brunnich's gulllemot  1al s 29 Bracsirup ey of **
1.2-87 Ig-vetn
W - Wel weight.
D - D1y weight.

L - Lipid weight.

ad. - Not delscled.

a.e.l ~ Nol examined for.

480  CRC Critical Reviews in Environmenial Control
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Reference

Bluseral.*?
Risebrough’?

Risebrough' *

Reference
insiont?

'tnstion®*
Yasion*®

«upie and Peslait* *

whiough and
armignani®!

orge and Frear*?

ion and Ruticks*'

~whiough xnd
armignani® t
acstrup es ol 4t

TABLE & (connoued)

Residuc Levels of Seabirds snd Theit Egg

Localion Specier 1istuc
Davis Suait hat
Livcr
IF'socs Puffin Liver
Comniun guillemol Livee
S0°NA°W Fukmisg Laver
1-at
Trinidad Greal shearwsian Lives
California tryimar Whole
hody
Sooty shearwaier Wiwle
body
New Zealand White-fronfed tern Vgg
Saulb island
New Zealsnd I'siry ption Whole
Cook Shail body
Diving pelrel Hrcay
niusche
New Zesland Diving, pelrel Whole
Snatres island body
Sonty shearwater [ 3
Mew Zesdand Booly shaarwpicr e
Auckiand tsland
New Zealand Sooly ghorrwsicr 1gt, pdult

1-a1, chiek

than those found in sea bird kills. Thus no Lirong
evidenue exists 1o link PCH levels whih sea bird
morialily.

D. Levels in Marine Mammals

A good deal of infurimalion is available on levels
in marine mammils. These species are longlived
and mos! arc at the 10p of marine food chains. The
levels of PCB fullow expecicd patterns (sec Table
9). Levels in the ringed seal, for example, ranpe
from a hundredth of a ppm In the high arctic 1o 20
ppm in the Baltic. The wvelues for The grey seal
show high wvalues near industrial sources in
England. The EDDT/PCB ratic shows conttderable
vasiatlon. Values aboul ually were found by
Holden™!' for both sides of the Atlantic by
Addisun et al.7? and Frank el ail.7® in casicmn
Canada, and Bowes and Jonkel”® in (he Canadian
arctic. However, Clausen ¢l al.?* found very low
ratios in western Geeenland snd Jensen e gt.38
found very high rativs in the Baltic. The small
amount of dna from the soulhern hemispherr
confinms the low levels of PCH's found in pelagic
sea birds and fish (Figure 2. Tabie 8).

Boih Frank ¢l al.”? and Addison et 2i.”? have
found a distinct increase of PCB levels with age in
stils.

1.30,1.22(L1

OBE{ppan) PCHprme Meference

- 0.5, 171w
ax, o2

- 0i-06
06-0.1
12-%9
3.1

- 0ns.07

- 0.4.04,1785W)

Bourne amd Rugan®*

Rischiough ¢t oi.'’
- 2.0,103,12.3 1wy

“Peapington ey ottt

44-53(L) 141610
$.5-394¢L) 0.6-1.3 L}
1.6-29(L) 213341
0.03-0.25 (L) 0.5.0.14 tL}
0.5-1.241) 0.¥-2.21L)
13 T41LL)
106 -19.2(L) 121 Daene**

0.050.14 4Ly

E Residue Levels in Birds of Prey

The birds of prey have been extentively studied
i conneclion with contamimation with organo-
chtorine  compounds. Studies are  parijculasly
detailed on Ihe peregrine falcon, This species
brecds on all the cantinenis excepl Amtarciica and.
being highly prized by falconers, there is a good
deal of buckgrvund informaiion on this species. A
iechnique for eluming the membranes of eggshetls
from muscum coliections*® has enabled studies 10
be made on residuc levels from the time of Mirst
usage of the persisient organochtorines. This daia,
together with that obtuined by analysis of the egg
comtents, is swomarized in Tabie 10. Although
levels in the southern hemisphere are a goud dea!
lower than in the norihemn  hemisphese,
apprecishie levels are present in the cgps of this
tnp bird-gating predaior thrswighout ifs 1ange.

The hald eage of North Aincrica and the

whiic-taited eagic of Lurope are similar species
which feed lurgely o figh,

by Carape, Kocman e1 al** report residuc level
i cagic cggs a5 6 10 97 ppn (wel weight) in 22
epps collecied frin 1969 10 1971 in Germany.
The range of values of DDEwas 1.2 (0 17 ppm. A
single dead cagle bud 35 ppin PCB saud 4 ppm DDE
in it liver. Even higher values, viz., 157 ppm PCB's
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TABLE 9
) Levels in Seals and O1licr Marine Mammats
Resduen, piput tblubher?
Specics Louality MR DT Nuinber Reference
Ringcd scal  Arclic Cunada 3 2.9 3 tulden’ Spetwe
Arciic Norway 15 24 3
Baluie 2 3.8 1 Surutani
Gull uf Bribnic 1 130 . Semsen ot 3l dolphe
weslern Greenlund oY [ 1] s Clavsen ey al **
James Bay I o 1.3 1 Bowes snd Junhet** Hlarhes
Weslern Greenland 016 1R b PP
, Arclie Ocean 00 19 016-28 17
Harp seal Gulf of 51. Lawrence 12 6.3 56 Pearce ol sl "t So.t huin
' Newloundland/Labrador 2 .58 6 Hinlden cited 3 Pearce €1 al.**
’ Jan Mayen 1.5 0.50° ? ‘
Burcni Sca £y 0.94* [ Fanback
Gulf of $1. Lawrence 16-80 45 1o 1 Framk el l."? \ .
: Newhundland/Labrador 1.2 26 20- $0.0 54 Pt wb.
! Gulfl of §1. Lawrence -2 31-226 18 Addison vi )" O e
Hovdcdsel  Gulf of Si. Lawrence 3 10.2 1 Holden" Lo
Western Greenland 2.7 0.29 s Chpusen el al,*? Lmany "
Grey peal Ballic 30 130 - Jenven of al??
Gull of Yinland 6.5 42 :
Stockhohn Archipelsio 13 130 -
Otkney, Scotland 18 13 5 Holden®* '
Wesiern Scolland 1630 9k 13 1
Tasiern Sculjand k1 0.1 18
- _ Yastern Lngland 123 9.7 b
I Wales 2 12.5 3
' Gulf of St. Lawremy 7 N 45- 49 ?
Westorn Scotland 14.4 1.4 $ Heppesion*?
o Fames Istand o 10.7 ?
1 . Eastern England 152 15.5 4
. Bearded seal  Wusiern Greentand 1.8 0.47 L Causen ¢l al.**
!
! Hatbor seal Maine 925 65.4 6 Guskiu er al™?
New Brunswick 41.0 310 4
PCR+ 2DODT**
_ Californis 611 - Anustt
' Orcgon 62
Wathingion 862 -
Alaska 11 -
PCH LDDLT
Jotland (wvenlicl ~40 2 3 Koeman et ot ?*
Holland (aduly) £, 470 9.5 5
Californla Nol siated 18 and 158 2 Shuw'*
Boille-noscd  Hollend 3s 205 2 Kncman el ol.**
dolphin
Caomnon New Zealand Nol delecied [ 4] 4 Kocmanet at**
dolphin
482  CRC Criricsl Reviews in Environmenzal Control '
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TAKLY 9 (cominued!
umis in Seals snd Other Marine Mammals

Ruesiclaes ppn (biubber}

nee

—— i ———

Sposics Locahty pE LOLT Numbet Refercnee
Sutinam Dutch Guiung Nui detccred r 1 Koeman el o).**
doiphin
Y ' Hatbor Notth Sea B8 41 7 Kdaeman el al. **
porpuite .
. Weslern Greenland 6.7 0.3 2 Causenet s).’?
{
| Seadion Culifornia 1.2 Bla 6 I Long et st
‘carce et 3t ' 1 tod ‘
Fiaback whele North Atlantic 001-0.18 0.66-2.56 Sanchenbrecker®*
Piot whate Catibbean 0.69-5.00 1.25-1.18 Gaskin ct ol **
*DDL only, .
*<Ouly onc sumple analyzed for individual compuunds; this gave 2,100 ppm DDI, 96 ppin DDT, and $72 ppin PCB. ‘
1Giving bitth Lo premature pups; other amplc going foll-teim. ] P' :
TABLLE 10
| Osganochiuring Levels in Prregrine Kgp -
4
! Date and Dol MR A
‘ Laocality sample size  tppm, w) (pmn, wy Technique Reference LI
Amchitka,  197)-73,10 25-7 5.80 Whole egg  Peakall ciol.*®
Alentians E
Interior 1971-73,10  41-80 32-60 Wiote cgp t
Alaska 4
Greenland 1972, 4 3 40 Whuleegg  Walker et al®!
Califormia  1948-4%:3  3-9 nd. Membrane  Peakall® "9 {
1950; 2 4,30 nd, 1S Membiane
Colorado 19724 n 5.8 Whole gz Enderson and Craig®”
Greal Britain 1963-66,12 4.4-2)4 pot determined Whole cgg Raicliffe® 3
1967-71:54 2.3-101 1.0-4.0 Whole ¢gp .
Chite 1966 1 1.5 40 Membrane  Peakall snd Riff**
Sauthwesietn 1970; 1 10 8.0 Mcinbrane  Peykoll and Ki*?
Alris
Austiatiy 1949; ) 17 nd. Membranc
19511 kN nd. Mombrane
New Zealand 19731 LN 49 Wholc cgg  Bennington et al**
Auckisnd Liland®

*Closcly related Nev: Zealand Valcon,
W~ Wot weight.
n.d - Nol dér octed
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and 172 ppm DDE, were recorded for twn
whilc-tailed eagle egg from the Guil of
Bothnia *’

These lcvels are high compured to thuse of the
bald eagle from the US. Alaskan Eagles in the
Kodisk area averaged 2.2 pprn (range 1.4 to 5.4
ppm), and those from the Admiraity Island only
1.1 ppin (0.4 to 2.3). From thie continental US.
values ranged from 2.2 (Minnesota) to 27.7 in
Micligsn. Five eggt out of 11 exceeded 10 ppm.
Residues of DDE were distinctly higher®® Brain
levels in adult bald eagles Tanged frun; hace 16 65
ppm in 1969 (n = 28) and trace 1+: 230 ppm in
1970.%* Levels of DDE were similar, but median
values were lower.

F. Levels of PCB's in Humans and Their Food

In considering the problen of contamination of
human food by PCB’s, It is necessary 10 scparale
occasional accidents leading to serious but local
problems (rom the "normzl™ background level. In
Japan, PCB's leaking from 2 pipe in 2 food
processing plant led 1o rice bran oll containing up
to 1,500 ppm of organic chlorine compuunds. The
main findings of this occurrence, tenmed "Yuslio,”
were described in a specisl issue of Fukunka Acta
Medica in 1969.7*"*? In the same year coniamina-
tion of some iwo million chickens occurred in
Japan'®® a3t 3 level high enough to cause
sympioms similar to chick edema discase. Over 2
million chickens were destroycd in the U. 5. in
1972 after accidental contamination.'®® While
the.e accidents produce the mosi serious cases of
" PCB poisoning on record, they are the result of
carelessness and the main concern of this review is
(o evaluate the effects of overall environmeniat
contamination.

The gquestion of the sole of chiorinated
dibenzofurans, which occur as impuritics in PCB's
causing effects ascribed to PCB's, is a difficult one
to evaluste, The chlorinaled dibenzofurans arc
much more toxic than PCB's. Severe and lethal
liver damage in rabbits has been caused by 0.5 10
1.0 mg/kp.'® AR Thius the chlorinated
dibenzofusans sre some ordess of magnilude more
toxic than the ¢“acrinated biphenyls. The chlor-
insicd dioxins are even morc toxic whh LD,
values a3 low as 0.6 up/kg reported for guincs
pigs.12'C Vos et a1.2?7 found 5 ppm of penta-
chiorodibenzofurans in Clopen AS0 snd 20 ppm in
Phenoclor P60, bul less than | ppm in Aroclor
1260. These differences in furan levels were
correlated with differcnces in  toxicity.? 3¢

484 CRC Crivical Reviews in Environmense! Control

Atiempts to detect dibeuzafirrans and dioxin in
wiltlife samples have fatled, ' 1O1Y by tiese
sludics were carried out in Canadye snd the U. 5.
Studies in Curope, where the levels of clidorinaied
dibcusofurang are ligher, would be uf interest.
Reccrt studics in which PCB levels up 10 100 ppm
weie fed v ducks resulting in tissue Jevels up 1o
3,000 ?pm. failed 1o reveal chlorinaled dibestzo-
furans.'®'" in this study the initial Jevels of
furans was about | ppin. The possibility that
higly loxic impurities are involved in actions
ascribed tu PCB's is real, but has rarely been
definirely demonstrated,

A sainpliag of levels of PCB's in food are given
in Table 11, As miglit he expected, levels are
highest in fish (see also Scction 3.3), In other
foods tlie levels detected are low. The tentative
acceplable daily intake in the U. S, has been set 11
150 10 300 pg/day'™? . wheieas tite avecage intake
has been calculated to be only 7 wg/day.'®?
However, 1 study by Price et al.' ®* on the diet of
B girds in Virginiv found that while 4 had only
traces of PCB (ie.. Jess than 0.001 ppm), 4
conlgined 200, 420, $BO. and B40 pg/day. In
certain areas, viz, nartlicast U, S., Japan, and
muclt of Furope, persons cating considerable
amounts ol fish would be expecied fo exceed the
FDA guidelines.

Levels of PCB's have beew incasused in himan
adipose tissue and in huinait milk (Tables 12 and
13). Wherc pussible, tlie residue levels of PCB's are
conipared v those of total DDT. In general, the
levels of PCB's are lower than toial DDT amd in
smne cascs PCB's were not deteeted, viz., sdipose
tisswe and wilk  from Texas.'®5+'%% In the
southery hemisphere PCB's were not detecied in
humans from either New Guines'*® o
Austealia’®” despite the fact that DDT and its
melabolites were detecied in both groups.

Finklca et 21.'®* exaqined the level of PCB's
and totsd DDT in 723 plasma samples from
persans in South Carolina in 1968 (sce Table 14).
They found marked differences in the levels of
buth campoutuds by bolh race and residence. The
FCB levels ran from 3 low of 0.3 ppb for rurad
blacks (with less than 5% positive) to 3.1 ppbin
rural whites (with ove: Iialf positive). No signifi.
cant vanation was found by chiher age or sex.
Considerably higher levels have becn reported
{rom Japau, where healthy persons were found to
aversge 10.6 ppb snd PCB-intoxicaled patienis
averaged 18,3 ppb.’ O
A simiar elevation in persons suffering from
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TABLIL 1

Levals in Human Food

Forod Arca

U.S. (AHanllc snd
Gulfl coash)

Fish (vanous
species)

Iterring oils lastern Canads

PO leved

Valijes runpeng up k0 0.65 ppen,
66% positive

1.7 10 N9 ppm

Referenve

Markinclat.'t*

Addion ¢l at*?

Crabe Valuesup 1o 0.0 ppm,
66% posiive
Beel ot u.s. Occasionally present (104 Forderat' b ?
positive). maximum value 0.64
Cheete Canadian 0.0! 10 027 ppin® Villencuve ct ol *'*
Furopesn 0.02 10 0.08 ppin
Chickenepgs Canuda Mcan valuc 0.008 ppm, Mcsetal'*?
100% putilive
Jepan n.d. - 0.08 ppm Vupiwara**
Buter ' Norwsy 0.01 10 0.08 ppm Berk ¥
Jspan nd - 0.02 ppin Fujiwara*®
Marine products Japan 0.00) 1o § ppm 1'ujtwara**

*Only unc valuc abuwe 0.6 ppm.
nd — Not delecled.

“Kanemi Yusho™ was found by tnoue ¢ ol.,''®
glthough the actual values werc tower. These
workers found 3 mean value for rural persons of
2.7 ppb. urban persons of 4.5 pph and **Yoshi”
patients of 7.0 ppb. The elevation of PCB levels in
paticnts over the normal population is relatively
small, but these measurenknis wete made five
years afier the Initia! poisoning. This group siso
sxamined the correlation of sdiposc tissue levels
and blood plasma leves.!'' They found mean
values (n = 17) of 1.6 ppm in adipose tissue and
49 ppb in plasma. No correlstion was found in
levels for individuals, snd It was concluded that
equilibrium had not been rfeached. The
EDDT/PCB ratio for sdipose lissue was 3.8 snd
49 for plasms.

Hesselberg and Scherr''? examined the levels
of PCB and DDE in paticnis sulfering from various
aarcinomas and from spparently hesithy adulls.
They found an average level of 3 ppb DDE in
nenpatients and failed 1o detect PCB's in these
persons.  The corresponding values in cachetic
patients were 21 ppb DDE and 47 ppb PCB. The
increase in palients suffering from cancer is likely

tov be Jue o lows of hody fat and hence to
increasing circulating levels of orpanuchlorines,
The change in lhe io of DDT to PCB from
nonpatients lo patients is surprising. and the final
tevel of PCB's in the blood is high in the latter
group.

No PCB's could be detected in buman embryos
froms Japan and levels iu fetuses were only in the
parts per billion range (2 10 28 ppb) at term.'?
Again in Lhis study the levels of total DDT were
higher than those of PCB's. The ZDDT/PCH ratios
in hwmaus are typically above unlly and thus
different ftum most other Lop predators.

5. PHYSIOLOGICAL EFFECTS OF PCB's

The physiological effects of PCB's are conside:-
ed mainly on & class by class basis. In general, the
cffects are sufficiendy different from mammals (o
birds 1o fish 1o niske 1htis the wios! convenient way
of handling the dara, In some cases, notably
encyme induction, the data lend thenyselves to 3
wider eonsiderstion. Acwie loxicity is considered
first, followed by effects on reprodugiion.
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TAULL 12

Levels of PUB's and DDT In Lluman Adipuse Tissue

PCBippmy)
TODT(pprm)
Ates Dsie Mean(range) %4 number) Mcantrange) Relfereme
U.& {Michigan) 1973 Negative 2054y No1 staied Price and Welch'??
Trace w0 1.0 SSARI09)
i.0to 20 36 THOIN
2.0 S.6%11)
U.S. (Michigan, 1964 - 69 Nepualive M 2UA2)5 Nt stajed Yo't
1'lurida, and Colorado) Tiace 10 1.0 RER 135040
1.0 2.0 27 VAIRK)
pA L $.271)6)
l-).s, {Texas) 1969 Noi derected PRR Burar' **
1930 Nt tetectedd L0
1971 §.7t0.6 10 9.9) 221
1972 Now detociod 29.1
Norway 1O} 1969 -T0 0.880.010 2.1%) 19018 87D Bieck' !
(Rikshospitalet) 0.60(1. 23 10 1.83) 318(0.63 10 9.40)
Germany 1974% 6.8 0 10.0° 38t0 1.5 Acket and
Sehuahiet V!
Awsiria (Vienns) 1973 15 4.6 Paendolier et
II.‘ 2
Japan (Tokyo) 197172 210710 5.1) Not stared Doguchit*
{Kyolo) 9 471910 L.3Y 9804210 14.8) Lujiwans**
Israe! 1974°* 2758 9.94 Wasscemann' ?*

*Means (rom Nve cities.
**Yeas of publcation

Notes: An estly repen of 200 and 600 ppm'’ ' in two suinplcs is presamahly in error Additional sefescaves of data tum
Japan are given in Doguchi’* Valucs are sinilas 1o those cited sbove.

A. Acute Touicity

Mammals - The acule toxicity of PCB's is low
compared to most  organochiorine  pesticides,
Grant and Phillips' *? found L1, for rass af 1.3
to 2.5 g/kg for Aruclor 1254 with younger rals
having somewhst higher values than older animals
end virtually no difference beiween the sexes. An
LD¢, of 4.2 g/kg for Atoclor 1242 was found by
Bruckner el 3l.'%* Vstues sround 29 g/kg have
been repurted for mice,'*+'** and Clegg'*
cives values of B8 to 11 g/kg for rabbus. By
comparison. the LD.q for rals of DDT is 0.11
g/kg. and dicldrin 0.06 g/kp.!?”

in fecding experiments, Tucker and
Crabiree'>® found 100% mortality in rats fed
1000 ppm  Aroclor 1254 within 53 days.

486  CRC Critical Reviews iun Enveronmenta! Control

Kimbrough ¢t al.'*® fautd only 50% mortality a1
the same dosage in an Rnonth sludy, An
snomatous situation is 1he bigh sensitivity of ntink,
itt Vs species 3.6 ppi Arovhor 1254 produced
100% mwrtatity within 10§ days.'*® The repre-
duction of 1his species is slso very sensitive (o
PCR's (sce next section).

Bieds - Vleath'** measured the dietary Ly,
for several different Aroclors. Their definition of
LCxp was the ppny of a chemical in an ad tibihum
diet expected 1o prodoce 50% wortality aovng
2-week-old birds in K days, with § days of wxic
dict lollowed by X duys of unirested diet. These
workers studied four species of birds, viz., mallan,
phicasant, bobwhite, »ad Jupanese quail, and six
Aroclors (1232 o 1264). In general, the toxicity

MONS 2068064
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TABLL 1D

Levels of PCB's and DDT in Homan Milk

PCIK ppm)

Area Dasc mcand range
U8 (Cntotade) 197y 72 WOd 010
(Toxas) 1971* Nut dgetey ied

Conada {How Wianwwick) 1972 WAL 018 1 My

(Nnvy Scotia) 1972 GO ot w00
Norway (Odo) 1969 71 DOLIHO I DB

(bergen) 00U Mae tn 0O
Sweden 97172 0028
Getnany 1970* 0103
Japen (Kyoioy 1971 1nosS(a.01 1v0.31)
New Guinca 1971° Not derecicd
Austialia 1973 Nol detecred

*Date of publicaion.

DT ppany
neithi fangc)

(0.019 15 0. 386}
Fresent

QOIMBULT v BLO6H)
OO0 ¥ (00 10 .03 1)

00500 tan 2N
007N trace (0 021

(059

0.0%)

GO9S(1.006 1 0.44)
Presemt

0.064

Reference

Savapc cr gl t'*
Dyment et al***

Musial er gd.* ¢

Bjerk 1 ¥

Weslovand Noven' '?

Acker and Schulie'?’
Fpjiwanat !
Dymoent etal***

Siyali* *?

*oweston' T* stutes Lhat the average POB level in human wilk in Stockholin seems to have increased from 1967 10 1972

TARLL 14

Levels of PCR and Toial DT in Blowd Collecled from

© Humans in South Catodine in 1968

Mean plasing scsidues (ppbh

Residence, face e Towal DT Sample sire
Rural, Mack oS 9 139
Urhan, hlack 197 125 £73
Urhan, whiie 2.4 47 199
Rurgl, white 32 5.6 210

Aftet I'mklca, 1., Pricster, 1. K, Crensan, ). P Hlauser,
T.. Hinnees, T, snd Hamaner, 13 L, Aw. L Public Heshih,
62, 645, 1972,

of the Aroclors incecesed a3 the percenlage of
chiorine increased although there were some
cxceplions. Some species variation was noted: the
Japanese quail was the least seositive with LCyy
walues of 2,185 to 5,000 mgfkg und the bobwiic
was the pyst sensitive with values of 745 to 3,000
mg/kg. In general the toxicity of Aroctors was less
than either DDT or DL, althuugh there was some
overlap in b case of DDE.

Subscquently these workers'*? fed Japanese
quail diets contaming Aruclor 1248, 1254, and

1260, such that e birds reccived equal amonnts
of chlmine in their Teed. 1t was concluded that
while toxicity was pusilively correlated with 1he
depree of chliination, it is nol simply a funclion
of ehlorination.

Harris and Rose'*® found a reverse shiuation i
chicken - a spevies not studied by Heath and
co-wurkers — in that Aroctor 1243 was more wxic
than 1254 which in tuen was more loxic thao
1260,

Fish Wildish'** found hat the lethal
threshaold for Cumemarus vecaiticns was 0.001 10
0.01 mg/l fov colloidal slutions ol Atoclor 1254
and 0.01 t+ 0.8 mpfl Fur Asocloe 1 254 solubitized
in an cmulsion. Hattula and Karkog'** found a
lines relationship between the timne for 507
morlality and the log of the concenteation of
Clophen ASO Tor goldfish. With a concentration of
4 mp/l, the lime Tor SO% mortality was § days: at
0.5 mp/t the time was 21 days. Vansew et ab' **
found that the time fur SO% morlality fur pinfish
exposed to 0.005 mp/l Acochr 1254 was 12 days
and 18 days for spotfish. The latter specics was
not affected by 0.001 mg/l. Morgan'*? found that
2 mg/l Aroclor 1242 cawused 100% mortality of
guppies, but only 25% imoriality was caused by 0.2

mg/l.
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Crustsceans - Duke et al.'*" fuound that 0.1
mg/l caused 100% mortality of juvenile pink
shrimp within 48 hr, whereus 0.01 mgfl did not
causc mortality within this perind. Cowplete
inhibitton of oyster shell growth was found at 0.1
mgh; o0 0.01 mgll, the inhibition was 41% and 2l
0.001 mgAl, the valuc was 19%.

Imsects -~ Lichwenstcin et al.'** found that
PCB's were 40 to 300 times Jess toxic than DT 1o
huuse flies and fruit Nics, the toxicity decreasing
as the chigrine content increased. Monady'*®
found that the grasshapper had & low suscep
tibitiny to Araclor 254,

11 is clear that the acute toxicity of pure PCB's
is low cumpared to nther mgavochlutine com-
pounds in widespread use, such as the inseclicides
DDT, dieldrin, benzenchexachluride, aldrin, and
endrin.

B. Liver Morphological Changes

Morphological changes in the liver have
sttracted a good deal of attentlon, Starling with a
siudy by Bemmelt of al'®' Inhalation studies
(0.57 and 0.93 mg/in* 16 hrfday fiw up tn 143
days) on rats led to livers which were pale, or
slightly yelfow and mottied. Thie most conspicuous
change was hyaline degencration, Increased po-
mihence of cytoplasmic granules and increased
vatunlizution, No inerease jn liver weight was
noled. Most rats piven 3 g daily (65% chiorine)
died; survivors showed enlarged Yivers with swollen
cells. At @ dose level of (0.5 g on abhiernnie days
enlarged livers {33% increase) were seen, with large
numbers of aciduphitic hyaline globules in the
cyloplasm.

Nishizumi'¥? examined the fine struclure uf
livers of mice and monkeys exposed 1o PCB's. The
dose given to the mice was high, 0.5%, but the
dose given 1o monkeys was 1.4 10 16 mp/day. The
most marked alleralion was an increase of the
smooth endopiasmic reticulum and s seduction of
the rough endoplasmic reliculum. H waz con-
sidered (hat this proliferation of the smouth
endiplasmic reticulum correspunds  to hyaline
cytaplasmic inclusions secn under the light micro-
scope. Cytoplaninic inclusions, consisting of con-
centric whorls of closely packed smouth mem-
branes, were noled in the mice. Additionsl
findings were swelling of Kupffer's cells with an
increased nuinber uf {ysosomes and vacuoies.

Kimbrough et al.'?* expused rais 1o a2 diet of
20, 100, 500, 1.000 ppm of Aroclor 1254 and

48 CRC Crirical Roviews in Environmental Conprod

1260 fur a peiod of X months fncreasing liver
weight with icreasing dosage was noted, hut was
not statistically sipuitican! for female rats at 20 oy
100 ppmn Aroclor 1260, In nade rats expuosed 1o
Aroclur 1260, enhirped hepatocytes aod inclusions
i cytoplusin were commmaonty noled at ab! dosage
levels; fucreased hpid was noled 10 alt s 0 100
pmb and higher doses. The effect, was less mnaked
i feoates, with litthe sign of effects at 20 ppn.
With Avochor 1254, 1w findings were simitur
except that sdeunfihrosis was manked at higher
duses. Ultiastructural chattpes comsisted of an
increise of the smooth endoplasmic liculuin and
of atypical mitochondiia. The gpitheliat con.
ponept of adetofibnosis consists of gablet cclls and
cells similar o (e of the epithelium of the hile
ducts. In a laler study t(hese wuorkers!3 3084
studicd rat livers for B months after exposure to
SO0 ppmv Aroclor 1254 fir 6 anenihs. Lives
weights deercased over this period friwn 6.32% o
3.34% {control values 2.44 1o 2.59%). Morpho
logical cliunges persisted over the recovery perivd
with sall lipid vacucles in the cyluplasin uf
hepatocyles charactenstic of the secovery phase.
Adennfibrosis was cxamined in nore detail and
was considered likely o be 2 permancnt lesion,
The fiaal residuc fevels in the liver range fionn 17,3
w0 26.2 ppis after B months off dosage.

Allen and Abrahamson®$ % exposed s to
dict of 1,000 ppin nl Aroclor 1248, 1254, and
1262, Approximately thicefold crease in Jiver

weighl was noted. with some inoiease  wilh
increasing  chlorination.  The  muorphologival
changes probefetation ol Jhe sisoth ende-

plasinic eeticulum, formation of lirge incinhranous
concentric arays and Yipid droplets within the
cytoplasin  agrce willi pther workers, There was
suine indiciion of decrensed enzyme actjvily after
six weeks as compared 1o four weeks, but lhe
changes were nnt consistent fromm enzyme (o
enzyme, yur were the changes marked.

Hansell and Ecobichon'*® have studied the
effect of a serics of pure isomers, biphenyl, mono-,
di-, telra- and  oclachloobiphenyls, on  the
morphology of rat divers. They found that hi-
phenyl, meno, and dichimohiphenyls caused hile
morphnfugical change. but that the pure highes
chiorinaied ixommers caused changes comparahle
with Atocdor 1254 and 1200, Thus for this
response o PCB's, the pure isoiners and commer
cral mixtures act in the same manner.

Liverst ¢ al'*” [uwund no cffect on fiver
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weight at 0.5 or § ppin for 4 weeks wilh any
Arocior studied (1242, 1248, 1254 v 1260) Al
50 ppm, significant increases were found for all
but 1242, and 1 500 ppm all Aroclors causcd Viver
endurgement. These warkers also studied the indne
tion of hepatic enzymes, finding sune enhance
ment as low as 0.5 ppm. The conclusion i 1l
liver enlargernent is a good deal less seusitive (o
PCB's than the induction of sune hepati
encymes. This conclusion i in ugrecemenl with
work un other organochlatings.

Detailed studies an adierations of the liver have
nol been made vutside those an manyunals. Lincer
and Peakall’ *® noted an increase of cyloplusinic
RNA in American kesitels expused (o a diet of §
ppm Arocloc 1254 or 1260, an alteration Ihat
would be expecied 10 corrctate with proliferation
of the smooth enduplassnic reticulum.

C. Hepatic Enzyme Induction

One of the best siudied effects vf organy
chlorine compounds has been the indugtion uf
hepatic micinsumal enzyines in maminals. Sec for
examples reviews by Conney’ *® and Conncy and
Burne. 190

Alvares ¢ al.'*' found that Aroclor 1254
enhanced the activity of alt hepatic enzyme
systems siudied (viz, henzo(a) pyrene hydioxy:
lase, ethyhuoiphine N-dewethylise, snd cyto-
chrome Pygg). In this regad, PCB's have the
inducing propetlies of both barbiturases and puly-
cyctic hydrocarbons. Since Arxlor 1254 &5
mixiure, it is possible it conlaint one or more
compounds with barbiturate type inductive
pruperties and one ot more compounds ol poly-
cyclic hydrocarbon cliss of inductors.
Alternalively PCB's may possess the combined
properties of the iwu classes nf induciors,

Bruckner el 0.’ found that Amclr 1242
enhanced the sclivily of both N-demethylution
and hydroxylation enzymes. The relstive induc-
tion agrees with the findings of Alvares et a1.'%!
that hydroxylation enzyme activity is increased to
a greater exieni than N-demethylation activity, A
single duse of 100 my/kg was cnough to cause
significant incrcase of enzyme activity and jnurease
of liver weight,

Chen et al.' *? siudied the effect of (wo purc
isumeric telrachlarobiphenyls (TCB) on licpatic
enzyme sysiems. These warkers found noticesble
differences betwcen the effects of 2.1.4,5 TCB,
caused enhanced enzyme aclivily of ethy! mor-

phine N-demethylise and anitine hydiosybse w
hoth wale and female s over the dose range € 1o
40 mpfkg daily lor S days. With the 3,3' 5.8
isunes enluniged, enzyine ativity was noled anly
fon the male rats, wheseas significant decreanes of
cusyme activity were oeled for fenale, Even with
the tales, peak activity of aniline hydioxy hice wos
noted at 5 wefke with small entucemen a1 20
ond 40 mgfke These findings indicate that stadices
of mechanisin of inducting may be difficult to
evahwle Al conunesaial mixames of PCR's ave used

Johnstone et al.**? studied the offects of pure
hipltenyl and isomerically pure mono-, di-, terna-,
hexa. and octochioobipheayls on hicpatic fune
ti i the rat. These waikers studicd the folluw-
ing hepatic ensyine systems: O-denethylase, N-
demcthylase, aniline hydroxyluse, nitrarcductase,
in addition te conjngation of bromoultphihalein
and peniobatbital sleeping time. There weie some
viniations from envyme system (o enZyme, but i
genewl, little or nn effect was seen with fhe pnre
biphenyl danune-Cl, 2,2°,24°.2.5,2°.8", wheseas
waked cffects were seen with 4. 47, and \he three
hexachlora- and  one  octochlorobiphenyls
Incteases m enzyme induction paratleled chscly
decicaser in barhiturate siecping tine, These
workers aleo found simibyr hepiatic enzyiuc induc-
tion with the conunercind mixtuges, Aroclor 1254,
and 1260, 10 those found with the pure hexa and
odochitora isomes. The marked cffed of 4.4'
eompned with the olher low chiorn compounds
shows the difficully of evaluating rcsubis frown
mixisires.

Chen and DuBois' 84 studied the effect ol theee
diffcient Avoclors (1228 1254, and 1260) o three
hepatic  enzyines  (N-demethylase,  wittophenyl
phosphannthioate detoxification, and O
demethylase). Ty alt cases. the least chlorinated
PCH (1221) was the weakest inducer. and in moss
cases no significant induction wis obscrved. The
st marked induclion was Arockw 1260 on
N-demethylase and Asoclor 1254 on O
demncthylase. These workers abso studied the dose
response of Arachor 1260 and its dnteraction with
DUT. They fownd significant incicase ol the inost
scnsitive enzyine sysiem (N-demneihylase) at a
dictary level of 1 ppan Aroclor 1260 [or § week
sed the other systeprs weire significaitty clevated
at this dictary level alter 3 wecks. DDT ot § ppm
for 1 oweek stiinubated ol enzyme systems. and o
dict containing DT and PCH showed addinive
effects on N-demcthylase, but ot with the otler 2
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enzyme systems. These warkens abso nuied that
wnale rals were more sensitive than fownales and
thai young inales were mure susceplible 10 enzyme
induction (hun adults.

Litterst et ai.'*? studied the effect ul fowr
Atoclurs (1242, 1248, 1254, and 1260} on severdd
hepatic enzyme systems ({nitroreduciion,
demeihylation, and hydrnxylation). In yeneral, the
depree of enzymie induciion incrcased 88 chiorine-
tion incieased, and 8 doscaclaled increase wis
found in all systems. Induction wus secn al the
lowest level examined, viz., 0.5 ppm for 4 weeks.
The level of cytochiome Pysqo wos less imarked
than the enzyne sysiems.

Bickers et al.'** found that Asoclor 1016 was
a less polent inducer of hepatic enzymes than
1254. Dusage was 25 mg/kg daily, intraperitonesl,
for 6 days. Hydroxylase sctivily was stimulated by
1264 but mot by 1016, Interestingly enaugh.
hexoburbital sleeping  time  was  significamly
reduced by 1016 (48 miu vs. 100 min by controls)
as well a5 by 1254 (24 min). N-dcinethylase
activity and cytuthrome Pegqa  levels were
increased by both Arcctors, atthaugh 1he effect
was much mare marked with the higher
chorinated material.

Litierst and Van Loon'**  examined the
efTectiveness of Arocior 1254 as an inducing agent
compared 10 two wellsiudied agets, DDT and
phenobarbital. They found that PCB's were fur
more effeciive than phenabarbital and at teast a5
effective as DDT. They found that 0.05 mp/kgfday
for 30 days wus not effective, butl that 0.05
mg/kg/day caused a significant imcresse in micro-
somal hydroxylation enzymes and cylochrome
Paso.

Studies of heputic enzyme induction in birds
ate a goud dcal less detailed than those on
mammals. Risehrough et al.?? demonsisated that
Asoclor 1202 a1 20 mg/kg, intramuscular, caused
increased metabulisin of estradiul, and that this
PCB was mure xctive than either DDE or DDT in
causing induclion of hepatic enzymes in the
pigeon. Builey end Bunyan'*? found that a dict of
500 ppm Aroclor 1242 increascd hoth microsomal
projein levels and, mrre markedly, cylochrome
Paso Jevels, The microsamal prolein  levels
teturned 10 conntof values afies two munths, but
cytlochrome Py o was stil] three times the control
vabues six months sfier exposure to the PCH had
ceased. Nowicki and Nonnan'*® dosed chicks,
siarling a1 | week of age, with | mg Aroclor {254

490 CRC Critical Reviews in Enviranmenial Control

ar 1260 daily, They fowund onhanced metabolisu
of stermds and iurther noted that the effects of
hatly Avachors wese shnibin gnd also eguivslent o
P -DOT wd op"-DPT. Nu data are gvailable on
the thieshedd devels of PCR's on hepatic eneyme
wduction in bitds, bus it s poobably not markedly
diffcrend from that in muntnals.

The only duta on PCR-pduced microsoma)
enzysnes oulside inmnals aind buds appear 1o be
the woik of Rhee and Flapp'®™® on house flies.
Thuse winkews siudiced the eftecis of Avovlor 1220,
1242, and 1254 and found increasing induction
with incieasing degree of chlurination. They lound
tmt minuic  amans, fe. | pplin,  caused
measured indiction and concluded that a mr-effect
level apparcitly does nat exist. it is Hkely that this
induclion increases the ability of the insect 1
detuxify insectivide chemicats. Thus the wide.
spicad containation of the environneit with
PCB's mmay be a Tuctar in increasing the resistance
of insects 1o inscutivides,

There is abuindaut evidenwe that PCB's are
potent inducers of hepatic wicrosumal ensymes,
The enzyme systens siudied have been inginly
hydiitxylases and N and O-demethiylises. In
gencral, the degiee of induction increases as the
degree of chiminativg increases. Threshald ebucs
35 low us 0.5 ppin have been Tound,"*” alihugh
other wurkers' 7171 have Tound the threshnid
dosc beyween | and 10 ppan,

The winiunsn dose causing an effect should be
compared with caleulated intake to ascertain if an
effect is bikely. In the case of maw, the normal
exposute (o PCR's (see Scection 4) is tov low for an
effect on hepatic enzymes to be observed. Ouly in
the cuse of accidewtal exposure, such a6 the
“Yoshi™ incident in Japan, would hepatic ensyine
induction he expected 1o occur in nan. Under
these conditions interactions with diugs wauld
huve 1o be considered. The residuc levels discussed
in Scction 4 indicale that marite inaminals and
predatory birds ure exposed 1o levels of PCB's
capuble of cousing enzyine induction. The nexi
question (o be angwercd is whether this induction
i of importance to the Tunction and survival of
the animal.

While the documentation ol induced micro
sl enzymes is exieusive, the evalusion of i
effects on the intact anitnal e much less well
studicd, The use of increased hepatic fuaction 1o
shorten barbiturate sleeping time is onc 1cchitique.
indeed the field of hepatic enzyme jnduction by
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chiorinated hydrocathons  wus  discovered by
alteratrons in barbiturate slecping times alter the
cuges of rats had heen trcaled with chlordane,! ¥?
Bickers ¢t al'*" found marked alterations in
sleeping time with Aroclor 1016 aud 1254 at 3
dosage of 25 ng/kg for 6 days. Jolmsione o
o.'* found wo cffect on pentobarbital slecping
time with biphenyl, #unono-chivre, o 2,2 di
chbore-, slight decreases with 24" and 2,528,
snd murked decreases with 4 4°, 24.2°4" ang 3
hexy: and octochloroismners. The dosape levet was
SO mgfkg/day Tur 3 days in s, tn sume cases
sleeping time was reduced by 90%. Vilicucuve el
8. 7? siudied the effcct of Arxlors 1221, 1242,
1254, and 1260 un 1the pentobarbilal sleepiug time
of rats expused tu dietury levels for 20 ppm fur up
tu 350 days. Marked effecis were found only with
Aroclor 1254 and 1260; both of these cotnpounds
were more elfective than chlordane. Zepp et
o1.'"* found that 10 ppin for 12 wecks caused
significantly shorter perinds of sleep in rabbits.
These studies show that induced hepatic enzyines,
largely studied by in vitro methuds, are cupuble of
increasiug the metabolization of a circulnting
compound enmh 1o alter its physiological effect
ot comnparatively low dosages of PCB's.

There is a considerable volume of work which
shows that a variady of otganochlurines induce
heputic enzyines which are cupable of inciubo-
tizing the naturally occuering sicroids. Mosu of
these studies are on in vilre metabolism, aud
unlike the experiment using barbiturates, effects
on circulating levels can jnvolve 3 fecdback
inechanismy. In the intacl animal increased melabo-
lism of steruids could be compeasated fur by
increased synthesis of these agents. A considera-
tion ul this prublem requires the use of data
obtained on other chlorinated hydrocarbons than
PCB’s.

Villeneuve et al.'"* demonstrated an increase
in the urinury excretion of estrogen snd dehydio-
epiandrosterone in the buur folluwing 4 single dose
of 100 mg/kg Aroclor 1254, Nu effect was seen at
10 mip/kg. While these experimeits show an clfect
on the intsct snimal, the circuluting levels of
sicruids were not wensnred. Rocent studics on
male rats fed toxephene have shown a mpid
increuse in enzyine levels, and a transient drop in
circulating testosterone levels ' ?® The levels of
testusicione returned tu nurmal within a few days
and remained @1 normal levels over the nexd six
months slthough hepatic enzywe levels remained

clevated. Orberg and Lundberg' 7 fuund  that
DOT and PCI's were able (e reduce the woipht of
testes and seminal vesicles of castrated rus. but
not of meac! anonats. 1 both casteated and intact
antnals, enhanced hepatic enzyine inducnon was
found and it was concluded that the intach animal
wits capable of compensating tor enhanced sterod
breakdowa. alihough no direc! measurements of
steruid levels were radc,

In ring doves, Peakat' ™™ found that DDLU
ciused enzyme induction, decieased cisculating
levels of estradiol, snd a slight delay in the onset
of heceding. Studies of herring gutls, collecied
when incubation was alimust complete, lave chown
nu differences in blond sternid levels in birds
collecied from Sake Ontario with high levels of
PCH's and DDE and those callecled in New
Brunswick.! ™ Actual levels in eggs are given in
Section 4,

The best swonution is that hepatic enzyme
induction can cause a 1cinpotary decesase of
circotating stervid levels. This may be reflecied in
deluyed bieedmg! T*'*® but feedback mechun-
istns then come {nlo play 1o restore nonmal steroid
levels. No overall effect on reproduction appears
¢ be caused by this mechanism,

D. Manunalian Reproduction

Villencuve et ul.'?* found ua effect on repu
duciion in the rat at dusuges of Aroclor 1254 up
tu ond including 100 mgfkg/day given otlly.
These workers examined the number of liter,
average litter size, resorption sties, average linee
weight wnd checked [or snomslies. The only
alferation seen was a slight reduction in litter
weight und 3 slight increase of litter size a1 1he
highest dusage. Keplinger ¢ al.'®' studied 1he
effects ul Araclor 1242, 1254, and 1260 on tats al
dotages of 1, 10 and 100 ppm. The only effects
noted were decreased sutvival of pups a1 100 ppin
ufl 1242 and 1254 and decreared mating indices
with 1242 fn rabhits, Villencuve et al.'7® found
nu eftects at dosages of 6.25 or 10 mp/kg/day, but

at dusages of ¥2.8 w0 SO mp/kpftay. fetotoxic -

effeuts were noted, Abortions. maternal death, and
stillbwuns  occurred, but no censistent skelgaal
shuarmalivies were foune, Since the work was
duste by the samie prou it is cleat that the rabbit
is more sensitive than the rat to PCIEs,

In 968 and 196Y the feeding of Cohu salinen
taken from lake Michigap led to reproduciive
failure in mink.'*? in a lates study Ringer el
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o.1%3 found that | ppm of Aroclor 1254 cavsed a
gight reduction in reproductive success (4.3 kus/
female compared 1o 6.0 in conirols, statistical
sigrificance not stated). but at 5 ppm Awior
1254, complele reproductive fatlure was found in
| experiment, and only 0.8 kit/femate tn anuthes
experiment. Premature births in Cstifumis Sca
Lions have been associnted with high orgeno-
chiotine residues.®? In this, no controlied experi.
mantal data is availabie to verify the relationship
between premalure pupping and oiganachiorine
cesidues. The levels of totul DDT are much higher
than those of PCB's (see Table 9), but the levels of
PCBs in the liver of females piving tisc (o
premature pups is similar (5.7 ppm) to the values
. found In mink dying from esiing Coho salmon

(5.2 ppm).

E. Avisn Reproduction

Eggshell thickness — Decreased eggshell
thickness caused by organochlorines, especially
DDE, has atirscied a good deal of attention (see
review by Cooke'?4). In the case of PCB's, the
bulk of the evidence shaws thul these compounds
do not affect the thickness of eggshells. The
following studies have been made: mallard and
bobwhite quail,'*® ring doves'**
chickens,'* 7! ** Japunese quail,’*® pheasant,f?!
_kestrel,'®? and mallard?®® There is an early
report by Keplinger et 3.'*' which mentions
egphell thinnlng in chickens bul dues not give
specific data, and Call and Harrell'** found
egphell thinning in Japanese Quail using three
differant Araclors..

Egs production and haichability - The basic
data are summarized In Table {5, The overalt
conclusion is that egg production is often reduced
shhough the effect is not very marked. In
contrast, mastive effects are seen on hatchability
In most studies. In the chicken the threshold effect
dossge is around 10 ppm,. The depiession of
hatchability does not appear (o be caused by lack
of fertility. Briggs and Harris'?® found that while
83% of the eggs from PCB-treated chickens were
fertile, only 14.8% haiched. These {ound that
comparatively little mottality occurred during the
first six days of incubstion, that there was a
striking increase over control vatues during the
second week of incubstion, with considerabic
mortality in the third week although control
volues weie also higher for (his latt perind.
Plstonow and Reinhart' *® giso found no effect on

4 CRC Crivicel Reviewt in Emvironmente! Contral

fersility, although hatchability was reduced 1o
simost 7870 at the highes dosage of PCB's. These
warkers nosed that inltially embrynnic moriality
oceurred at the latter stuge of developinent, but
shified caclier us 1he experiment progiessed. 1t s
likely that this was duc to increasing levels of
PCIc in the epgs as the experiment progressed.
Lincer snd Peaksli’® found an essentially linear
increase i residue levels e epgs of ring doves
expnsed 1o 10 ppm PCU's far approximately 100
days when the fncreuse begau ta reach a platcau,
Lillie cf 8. 2** studying six different Aroctars.
found na effect on fertility, and that most af the
deaths of eibryns occurred o the 20th and 21st
days of incubation, Dahigren and Linder,'®! in
their studies on the phessant, found 3 signiflcant
increase in eggs that pipped bul failed 1o hatch,

Scott et al.'*7 found that hatchability was
reduced to about 72% of normal when the residue
level in eggs was 2.2 ppm (wel weight). At 3 ppm
hatchability is down to 56% and with 4.5 ppm or
mare PCB hatchability is close to zero. Platonaw
and Reinhar!**® found that haichability was not
affected when PCB concentrations in eggs were loss
than § ppim, but that 1S ppm ur mare caused the
majority of embryos to dic. Tumasounis eq a1, *4
found that yolk levels of under 10 10 15 ppm have
no adverse influence on embryo development in
the chicken, The wnost detailed siudy of the
tesidue levels cuusing embtyonic montality are
those of Britton snd Husion'®® (zee Tuble 16},
These workers expressed their results based on the
weight of the yolk, whereas Scont er al.'%7? 4nd
Platonow and Reinhait'*® appurently used whale
eggs for homogenization. Since the PCB's are
concenirated in the yolk, wsing the yolk will pive
higher but more meaningful values.

Diffetent Aroclors were used In these studics:
Brittun and Huston'*® used 1242; Scutt et al'®?
used 1248, while Platonow and Reinhart? % and
Tumasouis et al.'*® used 3254 Carlson and
Duby'** injected Araclors 1242, 1254, and 1260
imo fertile chicken egps. They found increased
embryonic mortality with 1242 at § ppm with
simost compiete failute a1 10 ppin. Aroclor 1254
showed some decrease at § ppin and marked
decrease 4t 30 ppm, while 1260 wis nut effective
In causing .mbryonic mortality at the highest
dase, vie., 10 ppn. These results porallel thase of
Lillic et al.2®® who found that §242 and §248
crused a inuch larger decrease of hatchability than
Aroclors with  either high or lower chlorine
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TABLE 13 {(continued)

Effects of PCB's bm Egy Production snd Hatchabiity

Dotage Egy production
50 ppm Teeatons 1234 No effect
25 ppm Iwasoms 1254 No effect
40 ppm 4months 12354 Decreased on diet which
also contained DDE
10 ppm 3 months No effecy
TABLE 1%

Hatchability
No effect

No effect
Not studied

Marked iy reduced

Maichability 2nd Residue Levels in Eggs of Chickens Exposed to Aroclor 1242

Donge
(Aroctor 1242, ppm)

10
20
40
Lic)

ns - Not sgnificant.

Decrexse in harchability
Residue in yolk

Decrease in hatchabilling
Residue in yolk

Devrease in hatchabiliny
Residue in volk

Decrease in hatchabitity
Residue in yotk

Weeks ot dowge

ne
14

ns
19

ns
o.e

14

T4

46

1003

56

3} 4 s [
as ne ns 167
1.2 1.6 3 7

% S0 T M
19 34 483 62

T 9T 9% 100

L X

4 58 6.7 17

1007 1007 1007 100
123 17s g s

Adapied from Britton, W M. and Huston, T. ML, Powlt. Sci. $2, 1620, 1973,

[ — —_ ~ -
:,,'Sc'g:-.fﬁ.
& ag € 3 : =
wHE2a,, 2
2T g eS8 L
2 = s =
- B e~ ~
l‘w;-:.—"‘s
~Lam sz sz ? 3
==K £ xZ 4o
n T L

3 yap

- ue D F
E T Loz a
3 =~-_ t ==z
R R
T =4 .08«
E_E“fn:';"(
- R » = a8
= o. A >

3
2z
e =
=
£ .
= v
= e

Nam spay
10 saps
10 R T3S0 ]
qgiM pIjou

ue Fzzol

57 T e
@ m=_n2° o
=2 ST a7 -
Ti2353%74%2

2 T 2
S22 E ~" ez
>':_;A;sr."

MONS 206872

‘.J| (n:p!p n

Relerence

Heathetal'**

Heathet ol '**

Riscbrough and
Anderson'®®

Peaka8 and Peakall®**

- - m oA ™
E‘E ._,1::.-§::":
b i O -
- = e 2T o= S T
== =0 =9z
Nz a £ " 22 =
-~ = == 7 - =
=5 a2 [ Y-
=z =
F =€ a =7 - D
- - = LR



J. S ———

115

123

Do toas w il tdavits

Residue 10 yolk

B0

56

9

ns - Not "f.l!irlt.ll'll

Adapied from Brittun. W. M. and Heston T. M., Poult. Sci. 52, 1610, 1972,

content. Carlson and Duby'*® fuund that mest
mortality caused hy Aroclor 1242 was al the eatly
stage of “development, in conliast with Inost
studies of the cffect of dictary Araclors. These
wurkers alsn noled that growth was retarded in the
chicks that did hatcl after exposure to 1242 in the
cgs. whereas these effects were nol noted fur
1260.

The studies of leath €1 al.'** on bobwhite
quail and mallard sre in marked contrast (o those
on the chicken. in the latter species il is clear thal
s dietary fevel of 10 10 20 ppm fur a few weeks
and residue levels of § 10 15 ppin ;e envugh 1o
cause scvere eimhryonic mortality. In Hzath's work
no effects were seen cven afler the birds had been
on dase for 1% years. and residue tevels of twa
Mallard cges were 33 and $6 ppm (wel weight).

Effects on males -- Platonyw and Funneli?®?
fed cockerels Aroclor 1254 as a dictury Jevel uf
250 ppin. A marked reduction ln cumb size was
noted within six wecks, and 1he weight of the
testes was reduced alter nine weeks. No direct
studics of the reproductive performance of these
birds were made. Liflie et 21.7%% fed cackerels
Aroclor 1248 a1 10 and 20 ppm fin an Bweek
petiod wilhout finding any effect on temen <
feniility.

Teratogenic effects ~ Carlson and Duby'®*
found that § ppm of Aractor 1242 injected at duy
0 caused several malformations, viz., developmem
of ouwly onc eyc, hydrocephalus, incomplete
sbdominal closure, and nervaus  tremars.
Tumatonis et a).'"* noted leg, toe, and neck
deformities in many chicks that hatched frown cpes
with 8 yolk level of 10 to 15 ppm Aroclor 1254 o
more, Ceell el 21.2%7 examined the effect of 3 diet
of 20 ppm of » range of Arcclors on ihe
production of abnormat embryovs. These workers
found a marked increase of ahnormal embryos as a
perceniage of fertile eggs for Aroclor 1242 and
1248, » slight effect with Aroclor 1232 and 1254,
and no effect for Aroclor 1221 and 1268. In all
the 1reated groups, there were 843 dead embrys
of which 286 were abnormal. The commaonest
sbnormalily was edema including edematous cysts
and subcutaneovs edema. Other abnormalities, in
decreating ord.r of uccurrence, were unabsoibed
yolk, small budy, sxternal hemorchage, skinny
legs, rolaled ankle, and deformed beaks.

Dahigren and Linder’®' noied decreased chick
weight in 1heir sludies on the pbheasant, hut no
mention it made of abnormalities Peakall et

.2 found an inciease in chtommosomal abne.
sralities in einbryas of ring doves exposed 1o 10
PPN Araclor 1254,

An inferesting conteast ¢on be made belween
the effevts of PCI's and DDE on avian repm odu-
tionr. This differcirtialion is of svme inpor Lance to
wildlife toxicelogists sipee bolle compounds are
fuund vopelher in bird epge, and the effects of
vrgirnochlorines are widely considered to have had
adverse effects on some avian poputitions. In their
discostion of diftering elfects of PCB’s and DDLU
on aviae reprodnction, Poakall and Peukali?®*
considered the elecia under theee heodings, vie,
effects on the eggshell, effoct of seidues in the oy
wit (the cinbryo, and effect un parental behavior.

F. Direct Estrogenic Effects

The geometric similarity of DDT and PCH's 10
the syntlietic estrogen, stilbestrol. has led to the
examinalion of (he possibility that chiorinated
hydrocathans could wct as synthetic estrogens. 2%¢
These workers exuinined the effect of over 50
compuunds o the plycogen response of the ral
uicrus. They found that Aroclors 1221, 1232, and
1242 had 2 minimum ¢ffective dose of B mp/rat
and thai Arochurs 1254 o 1268 were inactive, In
contrast, the minimum clfective duse ol diethyl.
stilbestrol is 0.} pg. or 3 Tactor uf nearly 100,000
Arochors are weak estrogenic agents, but the value
of B ingfrat should be compared 1o environmental
Jevels tather than 10 O.b uppfrat of dicthyl
stilthesiral. On a2 mg/kg busis. the mintum effect
duse af an Aroclur in Bitman et al's'*® expens:
ments was 160 mp/kg. No residue levels wy the
utcrus were measuied, but the dosage suppesis (hiy
the levels would be high by environmental
stundards. -

Neison?®' exanined the effects of several
organnchlorines o the binding ol labeled estradiol
on Lhe i wlerine receplor, The effects of the
organochionne  were compared 10 thuse ol
dicthyIstilbestrol. (naking possible direct cormpan.
son with the experiments of Bilman et ab's**®
Nelson found that diethylstitbestrol was effective
in causing S0 inhibition of estradiol binding at an
in vitro conceniration of 0.2 pph, The most active
mpanochlonne (o.p-DDTY required n concenirr
tivn of 0.6 ppm 10 produce 507 inhibition. Othe
organochlorines requiied 10 to 100 pmn 10 causc
this degree of inlsibilion, with Aroclor 1221 being
more aclive Lhan 1254, While critical wn wvivn
experituents lave not been carried oot, the dala
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presenlly availahle indicate that serivus cffects will

+ not occur # environmentat levels.

G. Thyroid Function

Jefleries and Parslow®®" dosed lesser hlack.
backed gulls with Arocior 1254 at 50, 100, 200,
and 400 mg/kg/day for 8 wecks. An increase in
thyroid weights (30 mg to 40 wg) wus noted
between the conlrols and dused birds, but no
duse-dependent increasc was ohserved. Analysic of
the colloid arce showed a small increuse. Histo
logicat changes were diffcrent from thise ohserved
with DDT.2°® DDT caused colloid loss and
hyperlasia, whereas PCB caused larger (tlicles
well filled with coltoid, Hurgt et af.?'® studicd the
effoct of Aroclor 1260 a1 §, 50, and 500 ppm Tor
1 10 4 months on hohwhite quail. Significantly
different thyraid weights were found for all dose
Jevels afier four muths, but this effect appears to
be due 10 the abnormally low control value for
this period. There was no actual rise in thyroid
weights when compared to measurements made at
one, \wo, and three months. There was a lendency
for 1*¥* uptake for e 1otof thyroid 1o be higher
in quall exposed to the highest dase (500 ppm),
but this increuse was significant for only one-time
period and did not show up when expressed on per
milogram of thyroid basis. Current evidence docs
not suggest (hat PCB excrix an imporiant influence
on jhyroid function,

H. Vitamin A

Cecil ¢t al.'*? studied the effcct of 100 ppm
DDT ar 100 ppin Aroclor 1242 on lives vitumin A
levels in quail and rats. Alter 2 months oa the diet,
Arocior 1242 caused » marked reduction (approxi-
mately halved) in vitamin A in male yuail, but the
fernules weie unaffected, DDT caused some reduc:
tion, bud this was less marked. In rats the levels
were reduced to appioximately hall the control
values by bothi compounds in hoth sexes. No
symproms of vitamin A deficiency were noted In
either species. Studies on mammab at luwcr doses
would be desirble in view of recenl findings
suggesting a Jink beiween low vilamin A levels and
induction of cancer.?'? Jetferies and French?'?
studying the effect of DDT on pigeuns, found a
mar«cd increasc in liver vitunin A levels at lower
dosages (3 mg/kg/day and 36 mp/kgfday) whereas
al a higher duse (54 mglkg/day), there was 8
marked decrease (row controd values. Comparable
studies with PCB's are not available.
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I Carcinugenic Effecis

Studies on 1his topic ;ippear 1o he very limited.
Kitnura and Raha®'? reporled benign neuplastic
lesions in the hvers of all fenale rats which
received more than 1,200 mg of Kancehlor400,
but nn effect was seen on males. Nagasaki et
wl. 34 ceported that 7 out of 12 snice exposed tg a
diet comluining 500 ppin Kanechtor-500 had
s ol the liver, whereas hepatomas were not
seen al 250 gpm. teer with Kanechlor-400 and
Kanechlor-300, Uchiyuma et 3.2'* found that
Kancchior-400 was nol 3 cocurcinegen  with
methylcholunthuence at cither 10 or 100 ppm. A
pusilive cocarcinugenic ofTect was seen with DDT
at 100 ppm. Both of the direct studies on
circinogonic effects were carried out on a small
number «f animals Tor a single generation. While
there is not any evidence of 4 strong carvinogenic
clfect, detaited, muttigencration  studies arc
desirahle,

Creen ¢ al.2'* found no cyingenetic effects on
bone marraw and spermatogonial cells of rais
treated with Aroclor 1242 and 1254, Doses of
Aroclor 1242 were single doses of 1,250, 2,500, or
5,000 mgfkg, or mulfipic doses of 500 mg/kg
Aroclor 1254 was given In inultiple doses from 75
to 300 mg/kg/day. These workens found no
inhibition of mitotic division nor chromosomal
ubnurmalities. These authors point out thet their
work does not exclude (the puossibility (that poim
mutations occoerred, but siate that it is very rare
for this to oceur in the ahsence of chromosomal
sbeiratiuns,

J. Immunosuppressive Activity of PCB's

Friend and Trainer?*? examined the effect of
Aroctor 1254 on morlality of young mallards
expised to duck hepatitis virus. Three doss levels
were used, viz., 25, 50, and 100 ppin, in the dier.
At all dusages, the morlality was increased
markedly over contral values, but the greatest
increase was at S0 ppn. The actual values were
control 14.3%, 25 ppin 35,07, S0 ppm 65%. and
100 ppm 44.4%. Vs und de Roij?'? studied the
effect of 10 and 50 ppty Aroctor 1260 on the
buwtoral imtmne responses of gwinca pigs. Tetanus
taxuid injections increased the yglobmbin levels in
conirol anienals, whereas this inwreuse was not
found in mvimals fed 10 ppin PCB. However, the
animals cxposed to 50 ppin did not vary signifi-
cantly from the cuntrols. A significantly reduced
number of y-giobulin-containing cells in the lymph
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nodes were nuled in the 10 ppm telunus toxaid
gtimulated group and in the unstinulaied leh
lymph nodes of the stimulated 10 and 50 ppim
groups. In a subtequemt paper Vus and Drecl:
Groolenhuis?'® exsinined both the humoral and
celkmedialed anmunity under the influence of
Atoctor 1260 snd Clophen AGO These warkens
found that PCR's at thc level of 50 ppmn had
immunosuppresive activity of hile the humoel
and cell-mediated immnunily, No sighificant eflccts
were scen at 10 ppm and the 250 ppin dict proved
to be 100 toxic Tor these experiments 10 be catricd
out, Kolier and Thigpen??® dused rahbits with
Atoclors 1221, 1242, and 1245 150 mp/kg hy
stomach tubc weekly for 14 weeks. Al Aroclor
treatments resulied in sipnificoutly tower scoum-
neutralizing antibody titers to pscudo-rabies virus
than was found in the controls. There was little
difference between the affects of the thrce
Aroclors. Total serum y-globulin concentrations
decreasad with Aroclor 1242, but increased for
other groups, inctuding controls,

The importance of the effects of PCB's on the
immuuosuppresive  mechanisms  are hard  to
evaluate. The iack of clexr dose dependence is one
problem, and interrelation with other sticsses is
another. The possibility of the burden of PCB's
and other organochlorines??! increasing suscep-
tibility to discase should be borne in mind.

K Hydropericardium snd Generalized Edemn

McCune et 21,372 discovered hydropericatdium
when chickens were placed in a battery ircated
with unhardened paint. Additional studies revesled
that Aroclor 1242 caused hydropericardium at
dosages of 200 ppm and abuve. A more detailed
study was made, using the same Arocloe, by Flick
et al.??? Edema formation in the pericardial sac
and in the abdominal and subcutaneous areas was
pronounced in the chickens expused to 400 ppin
for 3 wecks, bul was much less marked »t 200
ppm. Rehfeld et al.?** observed general edema in
chickens when Lhe diet contained over 20 ppm
Arackyx 1254. Chicks expnsed Lo diels containing
50 to 150 ppm Lo Aroclor 1254 hsd extensive
genenalized edema. This included serious cffusion
intlo the pericardis]l sacs, muscles, subculaneous
tissucs, and abdominal cavity.

Bayer and Bird?** studied siructural changes In
the epicsrdium of chickens exposed for |1 wecks
10 & diet containing 20 ppm Aroclor 1254, They
found that all the birds exposed to PCB showed

-morpholugical chavpes in the pericatdivn and

three out of four bitds showed lazge quamities of
sscites fluid, Residuc levels were nut given, hut the
diet levels wanld suggest that the levels would o
be snuch higher tham those of fish-cating birds
from  highly comaminated  sreas. Vot and
Koeman??# siudied the cffects of 400 ppm of 3
different preparations of PCB's containing 607
chlorine. These were Phenoclor DPG, Clophcn
AGO, and Artor 1260, The chickens were
exposed to this diet for 60 days. Hydro
pericardivin was comnwws in the Plicuoclor and
Clophen group, but rarc and statistieally non
significant  in  the Arodor  group. Sunilmly
ahdominal aid subcutancous edema was obscrved
only in the fist two groups. These diflcreuces
were considered (o be due ta the presence of
chlutingted  dibenszufurant in  the firsl o
prepanations.??”  Nevertheless, there are unn-
siderable differences between Vs and Kocinan's
resuliz on Aroclors and those of other workers,
These differences may be due to the fuct other
workers have uscd lower chiorinated Aroclors
(1242 and 1254) which may themselves act
differently o may contasin more chlorindicd
dibenzofurans than Aroclor 1260. Fircstone???
reviewcd the etiolagy of chick edema disease and
concluded that the chilurinated dioxins and furans
were (he chemical agents responsible. In view of
the siudies of Rebifeld e1 al.234 apd thase of Bayer
and Bird??* which show effects at modcrate
levels, viz., 20 ppm, it would be useful to exanine
the effect of pire PCB's 1o clcar up the question
of the agent causing chivk edema.

Recently hydiopericardivin  and edesna have
been Tound in Uerring Gull (Larus ergentarut)
chicks from the most contaminated aseas of the
Grear Lakes. 2 In thix case substantial Jevels of
PCR's, DDE. mirex hexachlorobenzene dieldrin,
and HCB were present. Bowes et a.77% were not
sble to detect any chiorinated dibenzofuran o
dibenzodionin compuunds in gull eggs from the
Great Lakes,

L. Porphyria

In contrast Lo their indings on edema, Vos and
Koeman??* found that porphyria was induced by
all prepamations of PCB's studicd. They found that
the chickens increascd fecal excretion of copropor
phytin and protoporphyrin and tluorescence
(indicating the presence of porphytins} in the liver,
bile, small intestine, and bone. Subsequently, these
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workers??' mude o more desalled study using
Japanese quail. Using -Arcciorn 1260 at 50. 100
250. und SO0 ppm in the dict fur 7 days on male
quait they dewnonsimied a tenfold increase of
mitochondriol 8-aminolevulinic scid sywthctase in
the hiver of birds receiving SO ppm, and u further
increasc st higher Jevels. Increased Nuorescence of
the liver unly becume snarked a1 higher dosages.
Lower levels were sludied on female quuil. A
sdightly bul statistically nonsiguificant increase of
5-sminolevulinic scid synthelase was noted al @
dusage of D.1 mgfkg/dey for 7 days, but fhe
incrcuse was significant at & dusage of | mglkg
& Aminolevulinie acid synthelase catalyzes {ALA
synihetase) the firsi step in purphyrin synihcsis,
viz., the reaclion of succinyl CoA with glycine to
form o-amino-fkeploadipic scid.  Melabadic
control  of porphyrin  formation is  excreled
thiough a feedback mechanism operating ai the
first two steps of ihe pathway, via, ALA syn
thetase and 5-aminclevulinic acid dehydrase. ALA
is also the precursor of the purphytin moiety of
chlorophyll and ‘of the corrin ting of vitamin B, 5.

The finding thal ALA synthetase is stimulaied
by jow levels of PCPB's raises the possibility of 2
healih huzard to persons sulfering from acuie,
intermitten) porphyria. Barbituraics, which alsoe
stimulute ALA synthetase, can cituse a severe
attack of this disorder which can result in paralysis
and death.???

Studies on herring guli eggp collccted from
contaminated areas of the Great Lakes have shown
markedly raised porphyris levels in the Jivers of
embryos compared to those from less con-
taminated areas,??*

M. [Inhibition of Adencsine Triphosphatase
{ATPases) by PCB's

The effects of PCB's on ATPases and the
postible sole of inhibition ol these enzymes on
osmoregulation in fish have been examincd by a
number of workers. Yap et al.**? examined the
effect of Aroclor 1221, 1254, and 1268 on thein
vitrn inhibition of Na’K-ATPase and Mg™-
ATPaset from several lissues of Blue Gill fish,
Overall. Aroclor 1254 was the most effective
inhibitor, and Na'K': ATPusc was inhibited to a
greater exient than Mg™ ATPase, Substantjul
inhibition was found at levels gs juw as 0.03 ppin
in braln and muscle. In 2 suhsequent paper,® ¥
these wurkers exainined the effects of Araclors on
both ¢ligumycin-sciaitive and  oligominycin
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invensitive Mg~ ATPase. They faund thal the
olignycin-insensitive My ATPase was inhibited
a pood deal more sieongy than the olipomycine:
sensitive Mg™  ATPase.  Olipomyvin-sensitive
Mg™-ATPase is involved in the mitochondria
synthesis of ATP, whereas the physiological fune
tion of uligomycin-itsensitive My™"-ATPase is un
certain. lw wnother paper,?®® this group.compred
the inhibition of thesc thice ATPuses in Lissues of
fat head mitnhows exposed o Aroclor 1242 and

1 254 for four menihs. These in vive studics failed

to confinn  hat  oligoinycin-insensitive  Mg™
ATPasc was e most sirongly inhibited, and
results were erratic with enhanced sctivity seon in
soine casex and 3 lack of clear doseativity
relationship. )

Kinler ¢l al3?* examined the effect of bulh
DDT and Atoclor 1221 on both in viva and in
vitro ATPase aclivily aod on osinorcgulation in
teleott fish and eels. They found that bajh DDT
and Aroclor 1221 caused inhibltion of ATPuse and
decrcascd the ability of both killifish and eels 10
osmoregulate. The level of Aroclor 1221 required
le cause an effect was much higher than DDT, in
general aboul {wo orders of magnitude. Davis et
ah?®? determined the degice of inhibition of
ATPase in toul gill imicrosomes by Aroclor 1242
and 1254, They found 1hat 1242 cuused pealer
inhibitiom than 1254, For bolk Aruclors. 40 ppm
caused significani inhibition whercas 4 ppin was
not clfeciive except on Mg~ ATPase.

Sharp et ul.2?* exumined the effect of Arocior
1221 and 1254 on Na’K " ATPaset from beef brain
and rahbit Kidney, They fuund thast 10 ppm of
Atoclor 1254 and 15 ppim of Arocior 1221 caused
slightly more than 5¢%% inhibition. These workers
found that phosphalidylserine and phos-
phutidylinositol  pratected the ATPase from
inhibifion and concluded that the phospholipids
are necessary for stabilization of the enzyme and
that chlurinaled hydrocarbons interfere with the
stabilization process,

N. Physiological Effects of PCB2 on Micro
organisms

Keit ot ub??? exposed the marine diztom,
Cylindrithera closterium, 1o Aroclor | 242 a1 0.01
and 0.1 ppin. They found that harvest weight,
chlotuphyll index, and RNA levels weie signili
canily reduced al the higher concentration. The
final PCH Yevel was 1% ppm, showing a concentia
ion factor of 1,000.24° Simitar concentrating
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Mosser ¢t al2*’ examined the effect of PCB's
on twa marine diaaing, 3 mating green abgae ad
twa species of fresh water pcen dgae, One marine
diavom { Tholassiasirg pseidonana was inhibired at
25 pph but not al {0 pph, wheress fhe aiher
(Skcletonema costatuin)y was inhibited fo some
extent a1 10 ppb. Ny catitrast the matine sod fresh
waler algac were much inore fesistaat, one show-
ing no inhibition a1 1,000 ppb, and others only
slipht effects at 100 pph. Subscguently. these
workers®4? exainined the effecis of PCB'x an the
species compasition uf mixed cultures of 8 inarine
dimtom and marine green algac. The results found
were in line with those predicied from (he
previous experiments, viz., thal the resistani algae
(Dunalictia tartiolecta) was {avored over the
PCB-sensitive diatom (T pscudinang) when the
mixiurc was expused 10 PCB (Aroclor 1254) A
murce surprising result was thal compelitive adva-
tage was clearly demonstraled al conceniralions
much lower 1than the PCB concentration nceded to
cause inhibition of the pure culture, The minimum
concenlration nceded to inhibit the diatom was 25
ppb, bui seleclive advantage was found at the
lowest concenlialion used, viz., 1 ppb. The threy
hotd value for effects on competitive advanlage
have nol been worked oul. The complexities of
interactions  of variout  enviromnental  con-
taminanls on mictoorganisiis have alsa been
studied by this group.’** They found interesting
interactions between DDE, DDT, and PCB's on the
growih of 3 manne disom (T pscudonana).
Neither 10 ppb PCB'x (Aroclor 1254) not 100 pph
DDE caused significant inhihition of gruwth, bul
in combination growth was reduced from 6 X 10*
cells/ml to | X 10° cells/ml. A concentration of
50 ppb PCB's caused almosl complete tnhibition
of growth, but ihis Inlibition was markedly
counterscied by 500 ppb DDT. Interaclion
belween DDT and DDE was slight.

Luard®** also found considerable varialion of
the sensitivity of two algal species tu Aroclor
1254, She (ound thal Dunalicila was scusilive al
0.1 ppb, whereass Scenedesimis required 100 pph
o causc significant Inhibition of radiocarbun
uptake. Fisher el al.?*% demonstrated vatishle
sensilivily of phytuplankton collected in varivus
areas to PCB's,

Moore and Hurriss?*¢ incasured the effect of
Aruclor 1242 and 1254 on in situ radiocarbon

uptake by wimine phyioplankton  commmmnities
from fhe mosthesn Gulf of MeXicer Buth Aroclos
shawed eftects o the radiocarbun wpake ot | oo
2 pph and the LCoy values were 6.5 pphb and 1S
pph, 1espectively,

Maare and Hanis? 47 ave examvitied the ¢flect
of Aroclor 1242 an net: and vapaeplankicn, the
Later being defined as Bew which & not retmned
hy a 20 to R0 min nel. They found that nanno-
plasktion radiscibon uptake, which accouated (o
slimitt Uiee gquarters of the tat carbon fixaion,
was unatiected by Arochon 1242 a0 10 or 25 pph
In conirust, net-plankion uprake was reduced hy
56%% by 10 pph and SKShy 25 ppb.

Given the high concentratiom factars oo
waler to micraorganisms, I B8 Bikely tha POl
entering the oveans vis acrial transpory will he
rapidiy 1aken up by marine phytuplanklon. Moe
detailed  sMudics are nceded to  dewoncarae
whether or aol o serious environmenta) cflecs is
occurring.  Studies showing marked elfecis un
compelivive advantages at | ppb indicate thut the
possihility that PCB's could alter speciet composi-
tion need o be taken seriously.

O. Effects of PCB’s on Nonhuman Primates
Expeviments on pophwinan primales are usely
in the exteapofation of data frum experimenal
vimalt to num. Allen et al24* fed rhecys
monkeys dicls conlaining 300 ppm of Aroclor
1248 o 0 days. There was a gradual Joss ol body
weight in muost of the animats tecciving PCBs. The
anitnals developed alopecia, acnefoim leskms of
the skin, subcutaneous edema, and hypertrophy of
the liver and gastric mncosa. I general, e
tesponses were signilat Lo thuse teputled in 1he
“Yusha™ vutbreaks in Japan.?*** Alierations 1o
the bver weie similar so thuse reporied e othe
experimental gnimals (Section SB) In anuther
experiment this group?*? examined the absarp
tion, disttibulion. and excretion of Arocloee 1248
in the rhesus monkey. They found that over V0%
«of lhe PCB was ahsotbed from the gusiromtestinat
lract. and that eliminasion from the body was
slow, The experimental animals had slight bu
siguificant  decrewses in  Bemogohin  and
hematociit. Lesions of lhe gastric mucoss wee
considered Lo be unigue 1o primates and this el
ol the work was examined in another paper by the
graup.?*® The dictary conventration was the same
us in previous experiments. Howas found that e
yperhophic gustric mucusa was teveiat e
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thicker than she conttol mucusa und consisted of
greatly elongaled hyperplasiic glands conlaining
mucus-secrefing cedls. The authurs consider rhat
these findinps are suggesiive of an eventuul neo
plastic transformation.

Additiona! experiments with lower dusages and
long time periods will be necessary to assess the
importance of these chunges. The levels in these
experimenis are high by nonnal food standards
{s¢e Section 4E})  Additimal ¢xperimenis by
Abrahamson and Allen®*' have demonstrated that
the infant rhesus monkey is more resistanmt 1o
PCB's than adulis. No studies cavering rcproduc
tion in nonhuman primates lsave been reported.

6. EVALUATION OF THE ECOLOGICAL
SIGNIFICANCE OF PCB's

While shis is an atiempt to assess the cvidewce
aircady presented, il is obvious that personal bias
enters into this type of an evaluation. The widely
varying opinions given by Irained scientisis at the
DDT hearings conducted by the U.S. Environ-
mendal Protection Agency emphasize this point.
Opiniuns on the impuct of DDT ranged from the
viewpuinl that to ban DDT was genocidal to thal
DDT wss a universal biocide. Personully, the
suthor dislikes the idea of any stable foreign
maleriat being released inlo the enviromment on a
large scale, since ecosysiem inieraclions are 100
complex for any experimentztion to make cerlain
that no serious consequences will occur.

No definite cvidence is available to indicate thal
cufrent PCB levels are normally a bazard 1o human
heslth. In view of reproductive failure of a
mammal (mink) fed fish from the Great Lakes,
one would be doubiful wbout the safely of persons
on 3 high fish diet in the most heavily con-
taminated areas, viz, the Nurth American Great
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bakes and Japun. Nu cvidence is available thal
PCWs are carcibogenic or telragenic Lo thammals
althongh one could wish that the evidence was
bascd on larger, longet-sunge experimnents.

The reproductive failure of mink fed fish from
the Grest Lakes under laboratory condilions
suggests the possibility of effecis st current
enviromnental levels on fisircating maminals. No
field studies huve been carried ovut with the
exception of sea hons in Califoenia. iw this case,
however, the predominant residue Is DDE rather
than PCB's. The reproductive Mallure of Herdng
Gulls in the Great Lakes is probably due, in parl,
to PCU's, although the relutive imporlance of
PCD's compared 1o other contaninantsds dilficull
1o assess. Similady PCB's are probably involved In
the declines of other top predators, ie,, Osprey, in
easiern  Noeth  America.  Laboratory  studies
indicate the toxicologial effects would be expecied
at higher environmental levels,

The imporiance of PCB's and other organc
chlorines in seloctive advantoge 1o microarganisms
in the environment is difficull to assess. The
possibility of alterations at environmenial levels is
suggesicd. but uctual comfirmation is not avallable
and would be difficult 1o demonsicate.

The suthor’s assesstnent of ihe envirommental
iinpact of PCB's is thal soine adverse effecis have
been caused (o organisms high in the Tood chain in
highly comtaminaled arear, such a5 seclions of
eatiern North America and Japan. One lesson to
be lcarned from the PCB siory is that a siable,
lipophilic compound can accumulate in significant
ameunis cven when nol deliberglely introduced
into the environmenl. The information obtained
on the relutionship beiween usage pattemns and
cnvirommeniul levels, and ihe aterations fallowing
restrictions on usage, thould serve as a basis for
future rcgulations,
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