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I am plensed to publish in this format the excellent papers presented at the December 1571 (“on-
ference on PCB's sponsored by the National Institute of Environunental Health Sciences at the Quail
Roost Conference Center in Rougemont, North Carolina

I have long been impressed by the need for a journal which would provide

—a vehicle for the rapid publication of research findings on environmental factors which
mught have broad impact on human health,

—a forum for exploration 1n context and perspective of basic research on environmental
constituents,

~—a foeus for those aspects of environmental research which have implecations for human
health; and

—a medium for pubhication and exchange of adequately documented negative findings from
research into these topics.

It 18 my hope that Environmental Health Perspectives will fulfil] these gonls

This ia the first of four 1ssues to be designated *‘cxperimental ' If these are successful, we plan to
publish regularly We hope that you will assist us, especially with these first four 1ssues, to refine and
imiprove our efforts so that the journal will become a respected vehicle for communication

We invite your comments, suggestions, and eontnbutions

Bubsequent 1ssues wil! contain papers on a diversity of topics prepared spectfically for publication,
an well as contributions to 8 mngle topic conference ltke those of this tssue In addition, we hope that
our readera will make use of Environmental Health Perspectives as a forum for expression of relevaint
opimons in order that all of us working in this fieid may maintain a current view of findings and practices
of importance to environmental health. Future issues will devote space to your letters vn pertinent
topics, to reports of research and to commentares which help to improve our perspectives on the en-
vironment and its effects on human health.

Dr. Lee and Dr, Falk, along with our distinguished Board of Editors, weleonie vour comments and
contributions. I am confident that with their guidance and your adviee and interest, Environmental
Health Perspectives will be able to take 8 permanent place among the journals of major importance

D_O® R

David P.Rall MD,Ph D
Durector, National Institute of
Environmential Health Sciences
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The discdvery of polychlonnated biphenyls
(PCB4) in fish from, the Baltic Sea attracted

widespread attentlon among scientists, Prior to

that eyent in, 1966 the many formulations of
I’CBa—Taome 210 1soimers are thecretically
possible—were \thought be used largely mn
conirolléd or closed aystems, That they were
present in fish, and were Iater discovered In birda.
added tojthe condern since the incvitable lagt hnk
in the foad chain was man himeolf.

Concerps were heightened even further by the
knowledge that one of the primury characteristics
winch madle PCBs bo useful durng the past 4D
years was Lheir extrame stability . under s vanety
of cireu ces, Furthermore, heir atructursl
rcsemblm% to the ' persistent ano-chilorine
pesticides other queations about whether
alt of our ‘worries ower these pesticides were
accurate or iwhether, as some suspegted PCBs
were the rea.l‘ cause of that concern

Alert epidémiclogists and other scientists in
Japan confirmed our cxpdctations of the*worst in
1969 with their startling discovery and destniption
of Yusho, a hunan disease taused by consuiption
of large quantitics of PCB-vontaminated rite oil

April 1972
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BCBs

AN
AN

R A glance at the tnble of contents for the first
mbp of Environmental Health Perspectives
gived.the reader some ides about the quantity of
research being done to specify the extent of the
PCBa sto;y Furthermore, while the spectrum of
work presented is comprehensmive, it is peither
all-inclusive gor defimitive. Rather, our hepe 13
that this volume will contnibute a new perspective
to the study of PCBs and will help as well to
engender a renewed vigilance about other “inert”
chemicals which are ac pervamve a part uf the
\environment of man.
* The reports which Jollow were ongunally
prepared for & Confereiice on PCBs, sponsored hy
NIEHS at the request of iy Interdepartmental
Taak Force on the subject. The Conference was
held at the Quail Roost Con
Rougemtont, North Carolina, on
1071. The papers presented at
appear hete substantially aa they weré presented
Your comments on them are indeed welooine
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Environmonsal Health Perspecnive

Some Chemical Aspects of Polychlorinated

Biphenyls (PCBs)

by J. Wiltiam Cook®

In the past few years considerable scientific
information has appeared on the chemistry and
twologieal effects of the PCBe and related ma-
teriale The amouat of chemical investigation, and
cspecially the biological effects investigation that
can be done on these products, ia almost limitless
Even though the PCBs show a great deal of
inertness, a property very useful in their industnal
applications, they certainly do change in most
instances before they are inadvertently consumed
by man. It js important that we learn more about
the nature of these products and the changes they
undergo. 1 believe that the choice of scientific
mvestgntion that will provide effective answers
15 going to be made by close cooperation between
the scicntists in the field of chenustry and those
1 the various biological disciplines. I hope that
conferences like this one will belp give us guidance
as to the most fruitful avenues to follow in re-
scarch and will assist in the interpretation of the
data obtared. It is simpler to acquire data than
i interpret them.

No attempt has been made to make or present
a complete survey of literature on chemistry of
PCBs. Instesd, I have chosen to discuss in a
general way some facets of the chemistry which
| think are interesting and relevant to the subject
of this conference. For the most part I have
drawn upon illustrations from our FDA labora-
lories because of the eamly available material.

There are & number of statements in the liter-
ature and the public preas which hiken PCBs to

* Director, Dhvimon of Chemiesl Tachnology, US.
Food and Drug Adminwstration, BF-420, 200 C Street,
5 W, Washington, D C 20204

April 1972

DDTs If this were the case, we would need to do
little research in chemistry of PCBs, because the
chemistry of the DDTs and related compounds
is well known. Even 80, all the biological effects
of DDTs are by no means known or fully under-
stood even though there has been much work
during the past 25 years

In contrast to the three well known isomers of
DDT—that is, the p,p’, 0,p’, and o,0'<cichloro-
compounds, the term polychlorobipheayls or
PCBas encompasses & very complex heterogenecus
series of chemicals. When manufactured 1m a
certain way, they form technical products which
have enjoyed tremendous industnal use over the
past 40 years because of the unique chemical and
physical properties of the complex mixtures

The exact chemical composition of these mux-
tures has not been determined. There probably
was 00 incentive t0 determunc the real nature of
all the components as far a8 the industnal valye
of the products was concerned, but now that it
has been found that there are untoward biological
effects from these products and that their residues
are widely distributed, there is need for more
knowledge than is now available

Thero are also statements in the literature
which in effect assert that PCB analytical methods
and lumits for residues should apply to speafic
chemieals within the series rather than to PCB
undefined. Stated differently, \f the toxicity of the
PCBa is mainly due to certain compounds 10 the
roixtures, then we could be justified 1n developing
raethodology to separate, quantitate, and evaluate
these toxic compounds We will need to know
roore about the chemistry and biological effects
before we can be so specific.

MONS 208109 3
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Until we have developed data which, on the
one hand, show that essentially all components
have ahout the same biological effects or, on the
other hand, show that some are greatly different
from others, we have no real scientific basis on
which to make a choice Of course there 18 evidence
that some 1ndustnal PCB products contain poly-
chlorodibenzofurans We need to know how and
where these form Do they form sormehow in the
environment, and if so, do they survive through
the food chain o man? If so, are there great
differences 1n biologice! eflects among the large
number of posaible polychlorofurans as 18 the case
among the polychlorodioxna? If these compounds
are present in foods, we certainly should try to
identify them soon, but if they are like the dioxins,
they will be difficult to measure in food.

PCBs are manufactured in France, Germany,
Great Brtain, ltaly, Japan, Russia and U S.A.

Assuming that the starting raw product is only
biphenyl, and assyming that no reaction takes
place except chiorination of biphenyl duning manu-
facture, 210 different chemicals are theoretically
possble from the 10 pomtions where chlonne can
add on as shown 1n Fig 1.

Chlorines om A ving

0 1. 2 3 & 5

o |1 3 & 6 3 1

1 6 18 18 9 3

2 21 36 18 6

:1:':::: 3 21 18 6
4 6 3

5 1

FiovnE | Btructursl formuls for biphenyl and
theoretieally posu:ble sites for chlonnation,

It is not certain how many of these do appesr
in mgnificant amounts in the technical producta
or in food. It 1s posuible that a few molecules of
each 15 present 1n each of the technical products.

It is important to point out that, in the in-
dustnal products, the PCBa are associated with
chloroterpbenyls. There are three possible ter-
phenyls (the o, m, and p) as starting mater:als
In contrast to one biphenyl as o starting materal,
and aiso there are |4 posaible points instead of
10 at which each of the 3 1somers may be clilon-
nated. Thersfore, these compounds could resutt
in a considerably more complex muxture than the
PCBa. The chioroterphenyis can be associated
with the PCBs in the ecosystem, and they are not
resdily determined by the usuai methods of auai-
yais for PCBs and the pesticides Later soine gas
chromatograms will be shown that 1ilustrate some
of the relationshipa

The industrially important products are forine|
by chlonnation of biphenyl o & given chionne
content. Products which contain 21, 42, 48, 54
and 60% chlonnc hy weight appear o be the
most important ones The end pont of the desered|
average chlonne content 1s found by making spe-
eific gravity or softerung point measuprements on
samples mithdrawn during chiorination The erude
products so formed arc generally purnfied to re-
move color and traces of hydrogen chlonde anel
ferric chioride, largely by distillation Miving of
distillate is also used to obtam unuform materil
of the desired composition (1)

Various factors during the maaufactuning proc-
ess can affect the proportion of the vanous isomers
and the proportion of compounds of higher or
lower chiorine content than the average (1)
Therefore products manufactured by different
processes could yield products which give some-
what different amounta of vanous components If
some components have different biological effects
than others, then differcnt samples would produce
unequal effects.

Figure 2 shows gas chromatograms of two
PCBs; A s Aroclor 1221, and B is 1232 These
and the following gas chromatograma (Figs 3-8)
were made by the conditions used 1n FDA lahora-
tories The patierns generally look hke those we
see from other laboratories, so the products scem
to be relatively uniform, except for Aroclor 1232
This appears not to have been a fully consstent
product 1n the past

Figure 3 shows more :n the serien A 15 1212,
and B s 1248,

Environmentsl Health Perspectives
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Frgune 2 Gas chromatograms of PCBa. A i Aroclor 1221
B ia 1232

Figure 4 showa three more in the series; A is
1254, B is 1280, and C is 1262. Note that there
ts an overlap of peaks. This does not prove that
they always represent the same compounde, but
i all probability the major part of the peaks is
the same. Those which appear in the lower series
probably would have been chlorinated to higher
chlorine content if the product had stayed in the
reuction chamber longer. Generally, aa the peaks
drop off on the left of the chromatograms, the
ones on the right increase, or new ones appear.
In all probability there are a few molecules of
every posaible structure present in each product
Only the predominant ones are in high enough
concenirations to give the detector responses. Also
vote that the time the PCBs are in the ges

April 1972

TIME (MNITESS

Figuas 3 Gas chromatograms of PCBe A is 1242 and
B is 1248,

Figume 4 Gee chromatograme of PCBe A la 1234, B e
1280 and C s 1262

MONS 208111



chromstograph under these conditions 1= between
0 and 50 minutes.

Figure § shows 8 muxed biphenylterphenyl
product {Aroclor 4465), note that some come out
early, and some come out late Some of the early
ones look like 1260 and 1262 1o Fig 4

Figure 0 shows a polychloroterphenyl-{ Aroclor
5442) Note that therc are peaks which come out
as early as portions of Aroclor 1242 and 1248
The proportion of the early eluters 18 relatively
low; however, if accumulation through the food
chain occurred, they may appesr sa PCBs

Figure 7 shows & comparnson between the gas
chromatograms of Kanechlor 400 from Japan
and Aroclor 1248 from US A Tlus 1s presepted
to show that the two products look remarkably
slike, even though cne waz made meross the sea
The one from Japan may be manufactured by the
saine processes a8 the U.S. one.

VN

.8 80 [Y 6 € 1 7 CEY)
TIME(MINUTES)

Figure 5 Gas chromaiogram of s mixed
biphenyl-terpheny! product (Aroclor 4485)

W\_'_N\

w T o oM M M W m W
Tinf iU TES |

Fiourm & Gas chromatogram of a polychloroterphenyl
{Arcclor 5442)
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Frouaz 7 Companmson of gaa chromatograms of Kanechlor
400 (Japan) snd Arocior 1248 (USA)

Arotior 1254

Clophen A-80

Fraone 8 Comparson of gas chromatograms of Aroclor
1254, Chlophen A-80 (Germany) and Aroclor 260

Figure 8 shows a comparison belween the re-

‘sponse of Aroclor 1260 and Clophen A-80 from
Germany (2).

Environmental Health Perspectives
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All the gas chromatograms shown above were
produced utilising an electron capture detector.
This is an extremely good detector \n many re-
spects, however, care must be used in attempting
10 interpret data from it. First, it 1s not specific
for any given type of compounds It is generally
rengitive to halogenated compounds, but many
nonhalogenated ones also respond Equally im-
portant, the electron capture response of halo-
gensted compounds is not always in relation to
the amount of chlorine. For instance, the response
1o carbon tetrachloride 18 2,000 times greater than
to ethylene dichlonde—that 1s four chlonnea 1n
one case, and two in the other. This is an extreme
cxample, but, 1t points out the need for caution in
interpreting response from unknown peaks. That
15, & peak may or may nol represent s halogenated
compound, and 1t may represent s large or small

amount To be certain that any peak is a chlon- )

nated compound, confirmatory tests are required
Using electron capture, amounts can only be eati-
mated by comparison to the response of a known
amount, of the exact same compound.

The parameters of operating an electron capture
detector also influence the responses. For instance,
the voltage applied to the detector affects the
relative responses between peaks.

Table 1 shows the relative responses of some
individual tetrachlorobuphenyls to an electron
capture detector (3).

Table 1. Retention time and cloctron-capture
detector response of chiorobiphenyls

Relative Relative response
Compound retention time per ngtstandard
(p,p’-DDE = 1,00) devation
(p,p-DDE w1 00)
2,7, 4, 4" -\otrs-
chlorobsphenyl 0 51 0 208 +0 003
3.3, 4,4 etrs-
chiorobiphenyl 096 0 7700 027
2,2°,8,6-tobra
chlorobipheny! 0.33 0 04030 0016
3,35, 5 -tetra-
chlorobipheny! 070 0 625+0.045
2,3.4, 5tetra-
chlorobipheny! 0 69 0 7150 010
2,3,5,6-totra-
chlorobipheny!) 0 5t 0 50540 010
2,3,4,5,6-
pentachloro-
bipheny! 1 00 1 300 017

April 1972
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Figure ¢ A comparwon of response of 1254 utiising
different detectors The upper curve n eleciron caplure,
lower curve m electrolytic conductivity detector

Figure 9 shows the relative response from 1254
utdizing the same gae chromatographie conditions
but different detectors, the upper curve is electron

Table 2. Physical properties of chlorobiphenyls

Compound Meitng  Boiling poiot, C
pownt, C (om Hg)
*2-chloro- 3 287-268, 154(12)
3-ehloro- 89 284285
*4-chloro- 78 125(14)
*2,2'-dichloro- a1
3,3 '-dwchloro- 29 322-324, 320-328
*4,4’-dichloro- 148 315-310
3, 5-dxchloro- 38 166(10)
2, 5-dichloro- 171(15), £82(30)
3, 4-dichloro- 49 185-200(15)
2, 3-dichloro- 172(30)
*2, 4’-dichloro- H
3,4,3,4 -tetrachloro- 172 230(30)
3,4,2', 5 -tetrachloro- 103
2,8,2', 0'-tatrachloto- 198
*2,5,3', t-tetrachloro- 182
2,4,2 4'-tetrachloro- 83
*2,5,2' 5 -tetrachloro- 85
2,4,5,3',4"-penta-
ahloro- 178 195-220 (10}
2,3,4,52,4.5-
heptachlore- 240-280(20)
* Preseni m commercial tixtufes
Reference {except *}—Hubbard
MONS 208112 T




capture, and the lower is the elestrolytic coo-
ductivity detector. The Iatter is more nearly re-
sponsive to the smount of chiorine; therefore, it
ghould more nearly represent the relative amount
of the various components.

Use of a microcoulometrie deteclor may also
provide a better quantitative eatimate. Coulom-
etry should yield results which wonld permit an
exact meaaure of the chlorine, However, the cur-
rently available microcoulometric equipment doea
not give strictly quantitative response. Both
microcoulometry and electrolytic conductivity are
more specific for halogen-containing compounds
than the electron capture detector, and accord-

ingly they can be used as 8 means to be more
certain that the products detected contain chlorne

Not enough 18 known about the chemustry of
the individual components and their relation to
the whole industnal product

Bome of the individual compounds are shown
in Table 2 (1) It can be seen that the physical
properties vary quite widely Note the melting
points of all the compounds listed; they are soliels
at room temperature. Yet when the commercial
produets are manufmctured by chionoation of
biphenyl, the mixtures formed vary from lLquid
to soft, sticky nonerystaline producte with o
chlorine ocontent of 809, low-melting resinous

Tahle 3. The retention hldioe), chlerine numbers and structures of the major PCB constituents in
Aroclor 1334, (4)

P

NMR determined Alternative predictions
Peak No. RI Chlonne No * structure
Structure Rl®
22 1994 4 2,525 2-2' V. § 1996
' 2010 4 2-2’.4'. 5 2012
2,425 2050
24 2022 4 2.3-2.5 3-2 .49 200
. 2,24 2007
{5) 2,62 %,¢ 2017
2 20688 5 2,5%,y.6 2,629,585 2002
32 2119 5 2,3-2,3.¢
33 2138 L] 2,54, 4’
36 2159 5 2,523 8 2150
30 2175 3 2,524, 5% 2,420 8 2175
3,5-7r.4.¢ 2175
(8) 2,6-2'. 3,48 (2175}
2,3,6-2',3",8' 2172
41 21 5 2,245 2,3-2,3.5% 2180
42 2203 5 2,3-7 4.5
43 2207 5 2.52,3 4
4 2228 5 3.4-2",3",8 2,223 ¢ 2226
45 2238 — 2,3-22%Y .4 2240
2,6-3'.4'.5 2240
3,435 2208
2,3,5-2 4% 224
48 2204 8 2,3,8-2" 4" 5 2,47 .3.4.% (226.)
30 2200 8 2,3.4-2°,3'.6
52 2321 3 3,42, 4,5
&5 2356 5 3,420,040
58 2356 ] 2,4.5-2', 4.5 2,527,345 (udeu1)
3,523 .46 (2357
59 2300 4 2,3,4-2°,4",% 2,3+2.3.4.5 {3291
) 2.4,6-3" 4,5 ALY
(7 2.3,5-2,%.5,0 (2410)

s C] No between brackets, Chlonne number of mmor constituent not associated with acenrate R 1
* R I, between brackets Predicted R.I umng Table VIII of Ref 4a
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producta containing between 60 and 65%, chlorine,
and partly crystaline or crystalline products of
much higher melting points containing more than
65%, chlorme Thus, the commercially-made mix-
tures have at least some physical properties that
gre quite different from any of the individual
constituents This 18 probably one of the very
important factors in the industrial utihty of the
products The same phenomenon probably has a
beanng on the survival of many of the compounds
through a host of posmble conditions through
the ecosysterns. So it is remarkable that the end
products in food, which we will see later, look as
much like the onginal industnal product as they
do.
A number of workers have identified the pre-
domunant number of chlorine atoms in the major
compencats of some of the peaks. Others have
made signficant approaches to determine or pre-
dict the placement of the chionnes on the biphenyl
nngs (4), (5), (6).

Sissons and Welti (4) used a SCCT column and
s flame iomsation detector to obtain the graph
shown in Fig, 10 from 1254, Note that there are
69 1dentifiable peaks. They did further purifi-
cation, and then by utilising MS, NMR, and
factors such as retentioa time, they identified the
major peaks of 1254 as shown in Table 3.

Note that the retention times do not necessarily
relate to number of chlorines, These researchers
also made use of retention times and other infor-
mation to predict the composition of a large
number of the other peaks. To attempt to be
certain of the structure of the minor peaks would
be tremendounly complicated. It takea a mgnificant
amount of a chemical to make NMR analysis. It
would be of great value ta have availahle simple
biclogical tests that would give a clue as to which
pesks, major or minor, would be of enough sig-
nificancs to warrant full-ecale chemical- and bio-
logzcal-effect investigations.

If it were found that all peaks contributed
essentially equally to the bioclogical effects (and
there are certairly many biological effects), then
there wouid be no n=ed to perform a great amount
of chemustry. On the other hand, if we determine
that they vary 1o biological effects as widely as
their propensity to capture electrons, then we
would have to devise means to and measure
these individual chermucals.

April 1972

It is known that PCBs can be dechlorinated
and oxidized by photochemical effecta {(7) 1 look
forward to the discussions by Dr Hutznger on

_ this subject I want only to point cut that these

reactions may complicate the process of evaluation
of both chemustry and toxicology 1f the dechion-
pation is simply a reversal of chlonnation, so that
the higher chlorinated products revert to exactly
the same compound in the lower chlorinated
products, then the problem is not more comph-
cated. If new and different chemicals form, then
the problem is greater.

If there is significant photo-oxidation through
the food chain, then we have the potentia] for
chlorophencls and even the potential for the for-
mation of polychiorodibenzofurans as further
chemicals to evaluate. I hope that we hear dis-
cusgion on these chemical problems during this
conference.

Man has been exposed to remidues of PCBs in
his food in many forms; that 18, from the onginal
industrial product introduced accidentally into his
food to cases where these compounds have been
subjected to almost all conditions of food chain
reactions, photochemical reactions, etc Some of
theee conditions are:

A. PCB directly 1nto food
in rice oil {(Japan)

B. PCB in paperboard
tranafers to food

C. PCB into animal food
we eat animal tissue

D PCB into epvironment
into fish
we eat fish

E. PCB into environment
into fish
fish into arumal feed
we eat animal tissue

The first example 18 that of PCB accidentally
put into rice oil. The product consumed by man
may have all the ingredients formed during the
manufacturing process of the PCBs, plus any
reaction that may be induced by food processing.

In the second example the food will have only
those components which migrate from the pack-
aging material to the food, either through the
vepor phase or by contact, or both. If any polar
compounds are present, they may not migrate so

MONS 208115
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Fioorz 10 Aroclor 1254 solution chromatographed on an Apreson L SCOT column at 205° empinying n
flame 1omsation detector (4}

readily, 1f the packaging material containa fat or
wax, some of the higher chlorine compounds may
not transfer as readily as the lower ones. However,
there 18 the mutual cffect of all on cach, disouased
earlier, which makes it difficult to predict. Some
controlled expenments should be done.

In the third situation the whole industrial
product contaminates the animal feed, and we eat
the animal tissue. The animal appears to modify
the product, because the gas chromatograms from
tissue extracts do not look exactly hke the in-
dustrial produet.

In the fourth example the product or products
have goiten into the environment, then into fish
or other marine products, and we eat the fish or
marine product. Here, there could be an accumu-
latior: of ¢ number of different Aroclors or sumilar
products, each of which has been subjected to
various bhiochemical reactions through the food
chain and to vanous other effects such as photo-
chemicul resctivns When we eat the fish, we eat
the PCBs or metabolites, the end products of
whatever reactions may have taken place.

10

And in the last example a8 in the previous one,
the fish is fed to & domestic food amsmal—we eut
the animal tiasue

The residues that we find 1n food products mav
look a good deal like the original industnal prod-
ucts or like a mixture of those produets

Figure 11 illustrates some food products, turkey
and chicken tissuea and cows’ milk, which have
been found to contauin PCBs.

Figure 12 shows that the turkey sample had &
product which looked most nearly like 1260 How-
ever, it can be seen that the proportion of peaks
is different, and also a couple of peaks are mussing

Figure 13 shows that the chicken sample looked
like 1248; yet there arc some quite nnportant
differences.

Figure 14 shows some gas chromatograms from
1260 and the residues in muscle tissue from swine
fed the 1260. Note that there are differences, they
are no! as great as in the case of the turkey tissue

Figure 15 gives the results from a samgple of
coho salmon from Lake Michigan A s before
separation of pesticides from PCB, B i1s PCB after

Environmental Health Perspectives
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Firtmz 11 Gas chromatograms of PCBae from some food

chicken and Aroclor 1248 snd 1260,

products.

jous one,

H
adee]

Figurr 4. A comparison of gm chromatograms (rom

o M T

Y

—we eatl

icts may

ial prod-

nportant
ms from

m BWIne

Fioure 12 A companson of gas chromstograms of PCB

Aroclor 1260 and remdues in muscle timue {rom swine

fed Aroclor 1200

from turkey snd Aroclor 1248 and 1200

1t

MONS 208117



Figurr 15. Gas chromatograme of ssmple from salmon
from Lake Michigan A is before separation of pesticides
from PCB, B w PCB after separation and C is DDT
pesticides,

separation, and C shows the DDT pesticides
present. The PCBa here look most like 1254.

Many of the samples of wildlife reported by
most workers yield chromatograms which look
like 1254.

Figure 16 shows the residue in rat blood follow-
ing the feeding of 1254. The peak, which dis-
appeared, is a pentachloro compound. The ma-
terial in the rat blood looks more like 1254 than
does the material from coho salmon.

Veith (8) made a study of the PCBs in the
Milwaukee River and out into Lake Michigan.
He found that the lower chlorine content products
disappeared more rapidly than the higher chlori-
nated cnes. It may be that the remdues m food
products, which come from a long food chain, do

12

Fiauns 18, Comparsun of gas chromstogram of \rocinr
1254 residuc 1n rat blond foliowing feeding of Arn lor 1274

not originate entirely from the industnal produei
which is similar to the residue but may be the
result of & concentration of the higher chlon-
nated units originally in the lower chlorine content
products, the lower chiorinated umts of which
have largely disappeared.

8o even though these industrial product. are
generally stable and permstent, they are altered
by microorganisma, in animal systems, by light,
and probably in plant systems. Soine units dis-
appear and some concentrate We need to develop
some short term in vitro and in vivo bioa-say
that can be used to give elues for more thorough
and detailed examination. The echemust has tools
and techmiques to obtain almost any degree of
sophistication required by the biologist.
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Environmental Health Ferspecnves

Photochemical Degradation of
Chlorobiphenyls (PCBs)

by 0, Hutzinger and S, Safet and V. Zitko**

Polychlorinated biphenyls {PCBs) are stable
towards oxidation, hydrolysis and other chemical
reactions which conceivably occur in the envaron-
ment Although there 1a little direct evidence
avniisble, 1t is generally assumed that PCBs,
particularly those with a high chlonne content,
are nlso quite resistant to metabolic change

(hor the past years photochemical degradation
was shuwit to be a possible major route of en-
vironmental breakdown for a number of pesticides
(1-} Untal relatively recently (3), however, mm.
ple cliloroaromatic compounds have not received
much attention. The limited interest of photo-
chemists 1n compounds of this type can perhaps
be explained by the commonly held view that
there 18 generaily little cleavage of the C-Cl bond
in thlorogromatic compounds (G}

We have previously shown (7) that 2,2',4 .4,
6,6"-hexachlorobiphenyl, when irradiated at 3100
X n hexanc, photolyzes rather readily to give
products which are formed by loss of chlorine,
rearrangement and condensation. We now wish
to present a first report of our studies oo the
photochermucal stability of & number of chloro-
tipheny! isomers in hexane as well a3 on the
breakdown of chlorobiphenyls under natural and
sinulated "natural conditions'’, with particular
eniphasis on polar products

Considerable expenence in laboratery irrad:-
ations of pesticides has accumulated {1, 3, 8) and
an claboraie "weathenng chamber'’, which also
allows controlied irradiation, has been descnbed

® lnminx] a8 NRCC No 12259

t Atlantic  Regionnl Laboratory, National Research
{ oune it of Canada, Hahifax, Nova Scotia

** Environment Canadn, Fiusheries Services, St An-
drews, New Bropswik

Aprii 1972

(9). ‘“Natural conditions”, however, are difficult
to simulate for water-insoluble compounds such
as the PCBs. Even in sunlight, irradiation experi-
ments in solution are artificial zsince "unnatural”
organic solvents have to be used Irradiations of
chlorobiphenyls 1n thin films, in the gas phasc
{both in the presence of water or water vapor) or
in aqueous suspension are likely to be closer to
the natural environmental conditions to whech

PCBs are actually exposed
Equipment and Metheds

Gas chromatographic (gle) separations were car-
ried out with a Hewlett Packard model 5750
chromatograph using a flame ionization detector
and an 8 ft X 1 1n stainless steel column con-
taning 3% BE-30 on acid washed Chromosorh W
{60/80 mesh) Temperasture was 1sotherma! or
programmed as indrcated. Quantitative data were
obtained with a Packard A7901 gas chromato-
graph equipped with a 6 ft > 14 in 49 SE-30
eolumn and an electron capture detector using
the conditions previously deseribed (10)

Combined gle mass spectral date were recorded
with a Hewlett Packard model 5750 1instrument,
umng a 6 ft > lg in glass column, coupled to a
DuPopt/CEC 21-401 mass spectromefcr via a
singie stage Jet separator

A DuPont/CEC 21-110B mass spectrometer
equipped with s direct introduction-constant tem-
perature probe {11) was used for obtaining spectra
of individual samples

The infrared (ir) spectra (thin filnis) were re-
corded on a Perkan Elmer 237 spectrophotometer

Thin-layer chromatography (tlc) was carried
out on precoated Merck siica thin layer plates
(F-254) and plates {100X20 em) coated with

15
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Merck slica gel (F-254, 09 mm thickness) Sol-
vents used were: hexane and {A) 1,1, l-tnichioro-
ethane-hexane (5:1), (B) hexane-acetone {3:1),
{C) benzene-ethyl scetate (12:1), (D)) benzene—
chloroform {2:3) The chlorobiphenyls were syn-
thesized as described before {12,13). Aroclor 1254
waa 2 gift of Monaanto Co.

Sources of ultraviolet light for the irradiation
experuments were aa follows:

{i) Sun: direct sunlight at Halifax, N8
dunpz the penod July to September
1971.

(1) Photochemical reactor: Rayonet (the

Southern N.E. Ultmaviolet Co.) uming

16 R.P.R. 3100 lamps {3100 A} The

temperature was maintained at 1442°

Blacklight: four General Electric F40BL

fluorescent lamps mounted with reflec-

tive backing ca. 15 cm above the sam-
ples. The temperature at this distance
was 30-33°

{iv) Sunlamp: General Electric 275 W '"SBun-
lamp", one per dish at ca. 25 em dis-
tance (temp. 35-40°). For wradiation of
chlorobiphenylwater vapor, four lamps
per 500 ml quarts tube were mounted
horisontally at ca. 10 cm. distance,

{iit

S

Experiments aad Rosults

Stabilities of Chlorobiphenyls at 3100 Ain
Hexane Solution

Time study of 2,2,5,5-tetrachlorobi.
phenyl decomposition—2,2 ,5,5-Tetrachloro-
biphenyl (50 mg) in hexane (300 ml) was irradisted
in the Rayonet reactor with N, bubbling through
the solution 50 ml Aliquota were removed from
the reaction vessel at 2, 4.5, 17, 41 and 89 h.
Good quantitative data could not be obtained for
the 89 h sample, probably because much of the
muaterial had polymerised. Chromatograms ob-
served after injecting equal amounta of these ali-
quota and using 8 flame ionisation (F.I.) detector
are shown in Fig. 1. Percentages of starting ma-
terial remaning after different irradiation times
are also presented in Fig. 1. These data were ob-
tained by measuning the area under the peak with
retention tume i1dentical to the starting material

16
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Froune 1 Irradiation of 2,2, 5,5 -tetrachlorobiphenvt for
different tymes, chromatograma and percent starting
matenal rematning.

usmg an electron capture (E C) detector Mass
spectral and gle data for the 41 h sample are
given in Fig. 2.

Comparative stability of chlorobiphenyl
isomers—A 0.1% solution {3 ml) of the chloro-
biphenyl hexane was fushed for 3 min with
nitrogen, stoppered and irradiated in the Rayornet
reactor for 24 h The volume of the solution was
removed from the quartz reaction cell and, after
rinsing with hexane and evaporation of some of
the solvent, adjusted to 3 ml Equal amounts of
the irradiated solution and the onginal solution

oo | |ne

!
1

Fiotaz 2 Chromatogram and maas specira] data for the
41 h sample Oven tempersture 150" wothermal, at 38
min begpinning of programmung (4°/mun). A number of
further peaks were observed alter 48 min
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Table 1. Ralative Photechemical Lahilities of some
Chlorobipheny! lsomers

Starting materral
remainng after 24 h
at 3100 A rn Hexane

Compound

Tetruchiorobiphenyls
3,8,4,47

26,8

2

wHBEBR

Hexachloratnphenyl
2,2.3,3.4,4°,5,5- <t
Octnchilorobipheny!

were wnjected ioto the gas chromnategraph, and
the areas under the peak torresponding to the
starting matenal compared (Table 1). No immedi-
sl correlation can be seen between stenc hind-
rance of o-chlorine substitution or uv spectra {14)
and photochemical lability, aithough chlorobi-
phenyls with high chlorine content seem to de-
grade more rapidly.

AROCLOR 1254

Stability of Aroclor 1254—Aroclor 1254 (20
mg) 'n hexane (3 ml) was irradiated for 4 h at
3100 A in the presence of sir Examimation of the
irradiated mixture and standard Aroclor 1254 by
glc shows gross differences with tendencies toward
shorter retention times (Fig 3)

Irradiations in Sunlight; Under Simulated
*Natural” Conditions and in Solvent
Mixtures Containing Water

Aroclor 1254 I; Aqueous dioxone suspension
at pH 9—A suspension of Aroelor 1254 (2 g) in &
mixture of dioxane (150 ml) and water (350 ml)
containing sodium bicarbonate (0.5 g) was irradi-
ated 10 the Rayonet resctor for 24 h with air
bubbling through the mixture After this penod
another portion of sodium bicarbonate (0 5 g) was
added, and the irradiation continued further for
24 h The mixture was worked up as shown in
Scheme 1. Preiminary mass spectral data for the
crude nonpolar {ractions one, two and three indi-
cated the presence of only chlorobiphenyls sinee
no 1008 containing oxygen corresponding to hy-
droxychlorobiphenyls or chlorodibenzofurans
were detected. The mass spectrum of the crude

CHLOROBIPHENYL EXPOSED TO UV, EXTRACTED WiTH

STANDARD
ETHER AT pHZ, PREPARATIVE TLC (ZX HEXANE)
w fF RF RF RF
é J0.7-1.0 0.5-0.7 0.270.‘3J 0.0-0.2
W Y
€
z NON POLAR POLAR
g AROCLOR (284 1 2 3
o »
o 4* 3100 8 (nenone!
T
RECHROMATOGRAPHED
in BENZENE 10
ETHYL ACETATE |
. . RF 0.7-0.9 RF 0.0-0.1
0 3 6 9 12 “HYDROXY" *CARROKY"
TIME (min ) FRACTION FRACTION
Figure 3 Chromatogram of Aroclor 1254 before and after Bcugme | Beparation-scheme for irradinted
wuradstion Gle conditions of (10) chiorobiphenyls

Apri] 1972
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Fraure 4 Partial mass spectrum (70 eV, probe temper.
ature 35" of “hvdroxy' fraction from Aroclor 1254
irtadistion expenment I The chlonne wotope pattern
for the Cl, and Cly compounds are dustorted due to
impunties or fragzment 1ons

“hydroxy'" fraction, part of which is shown in
Fig 4, indicated the presence of compounds
formed by the addition of water to chlorobi-
phenyls. Hydroxy and carbonyl stretching fre-
quencies 1n the infrared spectrum of the crude
“‘carboxy’’ fraction (Fig. 5) src indicative of the
type of compounds present in this mixture.
Aroclor 1254 II; Irradiation os thin film—
Arocior 1254 (05 g} was dwsolved in benzene
(3 ml), and this solution spread over & circular
pyrex dish (diameter: 35 cm), The benzene was
allowed to evaporatc siowly in a way to ensure
formation of a uniform Aroclor 1254 film Water
(3 ml) was added, and the dish was covered with
plastic film Water was frequently replaced during
the Biacklight one-week irradiation The irradi-
ated product was {ractionated according to Scheme
1 Preliminary mass spectra of the crude nonpolar
fractions 1 and 2 (1o this experiment no matenal

o

B . N
SO 00 Do 200 L] L)
FREoUENE Y 1o ™)

Fiogure 5 Partinl infrared spectrum (thin film) of
*'carboxy” fraction from Arocior 1254 irradiation ex-
penment [
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Figuae 8 Partial mase spectra (70 eV, probe temperature
35°) of *hydroxy" fraction from Aroclor 1254 irradeation
experiment. [ (Lop)) and standard Arocior 1234 (botiom
o8 <340 not shown)

corresponding to 3 was detected) showed only the
presence of chiorobiphenyls A mass ypectrum of
the crude ‘“hydroxy' fraction (Fig. 6) showed
ions which can be most easily expluned as re-
sulting from hydroxychlorebiphenyis The ir spec-
trum of the crude “'carboxy” fraction was almost
dentical to that from expenment [ (Fig 5)
Irradiations of 2.2 .5,5-tetrachlorobi-
phenyl—S8ome information un the types of prod-
ucts formed from 2,2',5,5-tetrachlorobiphenyl
on irradiation under a variety of conditions s
given in Table 2. Samples were fractionated aa

IIILJ
-

ALCORRER w1 APONEE

— _ .

|

Froume 7 Chromatogram for 2.2°.5,5-tetrachiorobi-
pheny! wradiation expenment II Oven temperatur:
programmed from 150° at 10°/mun until 310 A number
of further peaks were observed after 20 mun

[ ) L1 L] 1m0

¥ [] * 9
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‘Table 2. Photochemical Docomposition of 2,2',5,5'-Tetrachlorobiphenyl.

Types of products formed= b

Experrment Irradistion uv "Nonpolar” producta
number conditions saures Time -
“Polar” ptoducts Retention Lime*
"Hydroxy-" ‘‘Carboxy-'' Short Long -

1 Afueous suspension suh 2 mo - + {(+) +
{ + emuimfier)

2 Thin film sun 2 mo (+) + (+)4 +d

3 Thin film sun lamp 24h (+) - (+) +

4 Thin film biack light 1wk (+) + (+) +

5 Dioxan-2N NeOH reactor i8h - + + +
solution

8 Aqueous dioxane reacior 18 h (+) + + +
solytion + FeCl,

7 Vapor {refluxing sun lamp 18h - + (+) +
with water)

s + = present, (+) = present n small quantities, — = not detected

b For further description of products, etc ses text

* Gle retention time shorter or looger than starting matenal (2, 2,53, 5'-tetrachlorobuphenyl),

4See Fig 7

described in Scheme 1 The nonpolar fraction was
analyzed by gle (e.g. Fig. 7).

“Carboxy'-type compounds were indicated in
ali cxperiments by the chromsatogrophic properties
of a portion of the reaetion products which were
srmiar to the corresponding fractions from the
Aroclor 1254 irradiation experiments 1 and 1I
(ie, Ry <01 1n solvents A-C; high R, in aqueous
methanol mixtures)

The presence of “hydroxy”-type compounds
was indicated by:

(i) chromatographiec comparison of the ap-
propriate {ractions with authentic hy-
droxy- and dihydroxybiphenyls in solvent
systems A, (R, 0.3-0.8); B, (R, 0307)
and C, (R, 0.4-0.8), and

(ii) by reacting the “polar” {ractions with
dansyl chlonide (i-dimethylaminonaph-
thalene-5-sulfonyl chionde) and compar-
ing the chromatographic properties (sol-
vent D; R, ca. 0.75 for monohydroxy
and ca. 0.4 for dihydroxy compounds)
and 1n situz fluorescence excitation (350
nm) and emission (525 nm) wavelength
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with those of dansyl derivatives of au-
thentic hydroxy and dihydroxybiphenyls
{see reference 15 for the general method)

Discassion

The photolysis of chlorobiphenyls reveals a
pumber of degradative reactions which occur on
irradiation in sunhight and a number of laboratory
conditions In hexane, the most prominent reaction
was the progressive reductive dechlorination of
these compounds as well as formation of polymenc
matenais, Erradiation of Aroclor 1254 1n hydroxylic
solvents at pH 9 yields compounds eorresponding
to the addition of water to the PCB molecules
and & mare polar carboxylic acid fraction The
same sample irradiated as a8 thin film does not
yield the water-addition products, but mass spec-
trometry reveals the presence of new hydroxylated
species. This experiment aiso gives a more polar
"carboxylic” fraction Data for a number of diffor-
ent irrmdiations of 2,2',5,5-tetrachlorobiphenyl
indieate that dechivnnation, formation of poly-
mers, and carboxylic products as weli as hy-
droxylation, does occur.
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The present photolytic work thus reveals de-

composition of PCBs by both oxidative and re-
ductive pathways.
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Environmenual Health Perspectives

Rates and Routes of Transport of
PCBs in the Environment

by fan C. T. Nisbet*® and Adel F. Sarofim+

Puly chilurinated biphenyls (PCBs) are one mem-
wor of » class of chlorinated organic compounds
which give nse to concern, because of therr wide
diperal and persistence in the environment and
tendency to accumulate 1n food chains, with pos-
wble miverse effects on gnimals at the top of the
foil webs, ineluding man In the past, attention
has i 1 concentrated on chlorinated hydrocarbon
pestiesdes, such a8 DDT, dieldnn, heptachlor and
{1 (hexachlorocyclohexane) More recently at-
1ention hes been focused on PCBs and on chion-
nated dibeneodioxins Likely candidates for future
atiention are hexachlorobenzene, chioninated di-
benzofurans, and chlorinated phenols. In the past,
such compounds have gencerally been studied indi-
vidaally As the number of compounds giving
n~ 1o coneern ncreases, there is an urgent need
10 twinblish umform monitoring achemes and
grucahized models  deseribing  environmental
tran~pori and bioaccumulation wluch will be ap-
pheable o all compounds with these properties
Models such as the global monitoring scheme
vuthned by the SCEP study (1), and the global
truisport model outlined recently by Woodwell
et al (2), are needed n order to help identify
sonrees of environmental contamination, to es-
tahlish seeeptable levels of discharge, and to
citiinate the cffectivencss of difierent control
struteges.

Tlns paper summarizes the fragmentery knowl-
edige available about production, uses. and losses
of ’Clis, and attempts to define the major routes
of transport and reservoirs of PCBs in the environ-

* Researeh  Dwpmriment,  Massachusetts  Audubon
Sotety, Lincoin, Mussachusetts D) T73

1 Depurtment of Chiemucal Engincering, Massnchusetis
Institute of Technology, Cambndge, Massachusetis 02139
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ment It discusees only production and uses within
North America, and distribution of PCB residues
tn North Ametica and adjacent seas (the eastern
half of the North Pacific Ocean and the western
half of the North Atlantie) It s cxpected that
the picture will be generally similar for other areas
where PCBs have becn used cxtensively (1e,
industnalized regions, pnmanly i the North
Temperate Zone), with minor differences depend-
ing on local patterns of use and disposal However,
references to studies made 1n Europe and Japan
are made 1n thus paper where they help to fill gaps
in the North American picture

Although we attempt to cover ail the importiant
environmental aspects of the use and dist nbution
of PCBs, much of the discussion wn this paper i
extremely speculative One of its main purposes
18 0 point oul the most nnportant gaps in knowl-
edge which must be filled before finn estunates
can be made of present and future levels 1n the
environment

Production and Use in Nerth America

The sole manufacturer of PCBs in North
America 18 the Monsanto Company Commercial
mixtures are sold under the trade name Araclor
and are distinguished by numbers, 1n which the
first two digits 12 specify polychlonnated bi-
phenyls and the last two digits the approximate
percentage of clionne i the mixture (3) In
November. 1971, Monsanto released figures for
U.8. domestic sales of Aroelurs during the peried
1963-70, summanzed herewn Iige 1 and 2, where
they are divided accordimg to category of use and
grade of Aroclor.

Prior tc Monsanto's voluntary reduction of
sales 1n September, 1970, approximately 609, of

21
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sales were for closed-systein electrical and heat
transfer uses, 259, for plasticizer applieations,
109, for hydraulic fluids and lubricants, and less
than 5% for miscelianecus appbeations such as
surface coatings, adhemves, printing inks, and
pesticide cxtenders Exports by Monsanto have
averaged 139, of domestic sales over the pertod
1863 to 1970. Imports are thought to be small,
comprisedd primanly of plasticizsers in resins and
adhesives, trandformer oils and espacitor fluid 1n
electrical equipment, Exports t0 Canada should
be of the order of 79, of U S sales and are included
in this model of North America.

Morzanto has restricted sales of Aroclors baaed
on consideration of esther the possibility of con-
{wmanation of food products or its inability to
conirol or thonitor possible logses into the envirun-
ment The fraction of sales for use in confined
systemas, primanly electrical spphications, will in-
crease to approximately 90 percent in 1971 and to
100% m 1972 The higher ¢hlorinated Aroclors,

2

1254 and above, compmsed approximately 367 of
sales prior to 1971 Therr share of the reduced
sales 10 1971 18 expected to fall to 2297 Aroelor
1242 is being replaced with Aroclor 1016 baving
a simuar compoeition but with 130mers containung
5 or more chlonne atoms removed

The breakdown by grade of the current uses of
PCB 1+ electrical capacitors, mamly Aroclor 1016
with limited usage of Arocior 1221 and Aroclor
1254 ; clectrical transformers, Arociors 1242, 1754
and 1260; vacuum pumpe, Aroclor 1248 and 1254,
and gas transmision turbines, Aroclor 1221 and
1242, The breakdown by PCB grade of former
uses inciude Aroclors 1232, 1242, 1248, 1254, and
1260 for hydraulic fluids, Aroclor 1242 for leat
transier systems, Aroclors 1248, 1234, 1260, 1262,
and 1268 for plasticizers 1n synthetic resms,
Aroclors 1221, 1232, 1242, 1248 and 1254 for ad-
heaives, Aroclors 1221, 1232, 1242, 1248, 1254 and
1268 for plasticizers 1n rubbers; Arcelors 1242,
1254 and 1208 for wax extenders; Aroclors 123t
and 1260 for dedusting agents; Aroclor 1254 for
peaticide extenders, inks, lubneants, and cutung
-pils; and Arocior 1242 for carbonless reproducing
paper.
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Data on production outsde the US are not
avmlable. It has been estimated (4) that the
Japanese production is 26 million pounds per
year, 40-507, for capacitors, 15% for transformer
o, 10-15%, for heat transfer fluid, 5% for plasti-
azers, 159, for carbonless duplicating paper, and
5~10%, for export.

Toutes into the Environment

As in the case of moat industrial chemicals, loss
figures for PCBs are practically non-existent Pos-
sible routes into the environment include- (1) leaks
from sealed transformers and heat exchangers;
(2) leaks of PCB-contaiung fluids from hydraulie
systoms which are only partially sealed; (3} spills
and iosses 1n the manufactunng either of PCBa
or PCB-containing fluids, (4) vaponzation or
leaclung from PCB-containing formulations; (5)
disposal of waste PCBs or PCB-containing fluids.

Examples of losses by each of these proposed
routes include leaks from faulty heat exchangers
in the contamunated Japanese rice ol (3) and
contaminated chicken feed (Holly Farms) inci-
dents; lcakage of hydraulic fluid from an air com-
pressor in Escambia Bay, Florida {(6); the indirect
evidence of possible losses during manufscture
pravided by the high level of PCBs 1n eatfish in
weters near Anniston, one of the twu sites at
wlich PCBs are manufactured in the US (7);
the leaching of PCBs from silos by sileage (7) and
the use of waste clectneal msulator contaning
PCBe as solvent in herbicide treatment of power
nghts-of-way near Martinsburgh, West Virginia
{7). Other unreported disposal of scrap un-
doubtedly oceurs into sewers (8) Statistieal infor-
mntion on such losses is not available but could
boe generated by an acecounting of POR inventories
sud disposal by major users. To meet the problem
of scrap disposal, Monsanito has set up & disposal
system: with a capacity of 10 million pounds per
yoor for their eustomers. Within a year of an-
nouncemnent of the service, 500,000 pounds of
waste PCBs had accumulated at the dwsposel site,
wliore 1t was heid i storage, pending the com-
pletion of an ineinerator {(9)

Another waste disposal problem is that of PCB-
containing products including the PCB-impreg-
nited paper in capaciiors, caulking compounds,
and carbonless dupbeating paper. It has been
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postulated that the PCBs may be vaporized
during incineration. Based on studies into the
mcmneration of PCBs and pesticide residues, miu-
rucipal incinerators meeting design guidelines of &
residence time of 2 seconds at 2000°F arc expeeted
not to be a significant source of PCBD. (9, 10)
Poorly operated commercial and munieipal n-
cinerators, small domestic and apartment inener-
ators, and open-burning dumps may, however,
be major sources of cmussion, but data are not
presentiy available Another problem is that of
leaching from dumps Agmn, data are searce, but
analyus (11) of stagnant water close to a samtary
landfill indicated levels below the detection limut
of 4 b,

Quantitative Estimates of Rates of Loss into the
Eavitonment

It 15 unlikely that relisbie quantitative estimatcs
of past losses of PCBs 1nto the environment wil
ever become avalable However ,in order to assess
the biological significance of the PCBs now 1n the
environment, 1t 18 necessary to mskc some nu-
merical estimates, however rough The following
calculations are intended to provide order-oi-
magnitude estimates of rates of loss. Figure 3
shows qualitatively some of the many possible
routes of loss into the environinent

Estymates of the rates of luss and disposal of
Aroclors 1n 1970 will be based on rough guesses
of the useful service fife in different appheations
Transformers are fairly permanent installations,
and 1t 1s therefore estimated that only 109, of
saley of truasfuriner fluid is to replace ol that
was serapped and that the remaiming 909 15 for
new units. The useful hfe of capacitors, especially
those used 1n small items such as fuorescent hight
ballasts, is expected to be under a decade, and 1t
18 therelore estunated that the rate at which the
capaciiors are discarded, primarily into landfil
dumps, 1s equa! to half the rate of production
{Figure 1 wndwcates a doubling period for salrs of
sbout 10 years) A similar figurc is assumed for
the scrapping of heat cxchangors, but 1t s ex-
peeted that the replacement of fluid decomposed
under extreme thermal conditions would have led,
in the past, to additional dircet losses, prunanly
into sewers IG5 estunated that the rate of vaporn-
zation of plasticizer amounts to 10 to 207, of

23
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sales (12). Since many plastic objects have rela-
tively short useful livea the rate of disposal of
plasticizers into dumps 18 assumed to equal the
residual 80 to 009 of sales. Hydraulic luids and
lubneants are rarely re-used, and it 18 therefore
assumed that a major fraction of these Buids used
for this purpose, together with those going into
the muscellancous applications, were scrapped at
rates approx:mately equal to those of correspend-
ing sales

24

On the basis of these gross estunates, 1t appears
that only about 209) of the 1970 sales in North
America, some 7X |’ tons, reprsented & net in-
crease in the amount of PCBs 1n service, n
transformers, heat exchangers and capacitors The
remainder 18 assumed to have been dscharged
wmto the environment, 1-2x10° tons by evapo-
ration of plasticizers, 4-5x 10° tons by leaks and
dispoasl of hydraulic fiuid and lubncant plus small
amounts by disposal of heat transfer and traps-
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fable 1. Gross Eatimstes of Rates of Input end
sccumulation of PCBs in North Americs in 1970,

Category of input Rates PCB Grade

(tone/year)

\aportration of plasticizers =210 Muniv 1348

to 1260

Vaperization during

open hurning 4X 10 Mauniy 1242
Leake nnnd disposal of

industnial Aurds 510" 1242 w0 1200
Degtry od 1Y ciieration

ancl open burmng 3x(0 Man - 1242
Duposn] in dumps and

lamfills 1 BX10¢  1242--1260

Accumulation 1n service 7x10*  1242-1254

Rencrvoir Accumuistion {tons)

PCEa :DDT
Sorl (rveluding dumpa) 1 5X10¢ 3x108

Oreans (adjacent to North

Amenien) 1 5x1¢ 10
Freell water { dinsolved or

1 »uApenuon) 10 -~ 10*
Freali water mediment 2X10¢ 7
Brota <1 <1l

former ous, and 22x1(° tons by disposal in In-
cimnerators, dumps and sanitary landfills. Of the
latier, we estimate {13) that 10 to 20% (3x10°
ton.) were destroyed by burning, and 2% (4 X 10
ton<} were vaponzed, mainly by open burning of
wiue scrap, auto components, and matenal in
dumps.

Reuies inte the Envicosmrent

The total rate of loas of PCBs is thus estimated
to have been of the order of 1.5 Lo 2 X 10* tons/y ear
tnto the atmosphere, 4 to 5 107 tons/year into
fresh and coastal waters, and 1.8 10* tons/year
into dumps and landflls The input into sous via
the use of Aroclors as pesticide extenders is be-
heved to have been smali, less than 10 tons/year,
on the basis of reporis of purchases for this pur-
pose The unauthonged and unrecorded use of
wrap PPCBs ax pestiode extenders i difficult to
estimate but has probably been small. Direct
dscharge into the oceans, cg by dumping of
hydrauhe Auids and lubrieants from ships, has
probably been of relatively amall magnitude, but
may huve been locally sigmificant {49)

April 1972

Most of the PCBs discharged into the atmos-
phere wiil have been Arocior 1248 to 1260 vapor-
ized from plastic remins, augmented primanly by
1242 vaperized from burning dumps The dis-
charge 1nto waters will be heavily weighted by
the Aroclors used as hydraulic fwds snd lubn-
cants and is therefore likely to have 1acluded a
mixture of Arozlors 1242 to 1280. The remdual 1o
dumps will have a large fraction of the Aroclor
1242 production.

Rates of Transpert within the Environment

The modes of transport of the PCBs mithin the
environment are complex, Vaporited PCBs will
be partially adeorbed on particulates, transported
with the prevailing winds, and deposited on land
or water by particle sedimentation or rain—out
PCBs introduced into water streams may be ad-
sorbed by the waterborne particulates or the
benthoa; the adsorbed PCBs will diffuse into the
bottom sediment, redissoive in the water stream
or be entrained with sediment eroded from the
bottom surface.

The problem is further complicated by the
assimilation, transport and degradation of PCBs
by the biota. A major fraction of the PCBs dis-
carded in dumps is cocapsulated in sealed con-
tainers or plastic resins The rate of loss from
these will therefore be low until the confining
material 1s degraded and the PCBs released The
PCBs will then slowly diffuse through the sur-
rounding soil, In principle, the rates of transport
may be calculated from knowledge of the physico-
chemteal properties of the PCBs and the perttoent
data on atmospheric conditions, particulate trans.
port, hydraulic dispersion, bottom sediment trans-
port, and biological degradation rates. At present,
the data are too incomplete and the interactions
between the different elements in the environment
too complex to attempt a formulation of but the
crudest of tranaport modcls. The similarity be-
tween the propertiee of tho PCRs and DDT,
summarized 1n Table 2, permita rough estimation
of some of the otherwise unknown rvutes and
rates of transport of PCBs from the corresponding
nformation on DDT. In Fig 4, a gencrahzed
model for the distribution and teansport of the
PCBs 15 outlined, without any indication of the
transport down spatial gradienta within the differ-

25
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Table 2 Comparstive Physical Properties of PCBs and DDT (Ref. 9, 23, 84, 085}

T ———
Aroclor
Molecular weight 1242 1248 1254 1260 DDT
Hange* 154358 222-358 200-392 324400 152
Average 262 288 324 0 3132
o1, Chionine 42 48 54 &) 0
Solubility® in HiQ 200 100 50 25 Est 07
(at 20°C pph)
Yapor pressure® at 38°C 19 3 71074 610 2107 IR 0w
{mm, Hg)
Vapor pressure at 20°C 10~ Ix10™ 3 6X 10 1 2ot

{mm Hg)

* Bamed on constiiuents present in amounts of ! percent or more
¢ The lugh vnlues of the sojubiiities and vapor pressures of Lthe PCBs are a consequence of the heavy weghting given

the lower chlorinated species,
+ Extrapoiated

eot compartments of the environment An st-
tempt is made in the following sections to estimate
fluxes between and within each eompartment

Air Transport

The cstimated cmismon of 1500 to 2300 tons a
year of PCBs, mainly by vaponzation and open

avoporation ond -——P‘Ul’)’"l—““‘-‘-]
norherpiton T Y]
roRout svoporatun ong
e Qistiharon
TERARESTRIAL
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waTER
are oy
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CESTUAMLS
or ety
t
mung | oty
| ™
-
QLi am
—
G OMDOR o
Fiavre 4 Environmental tranapart model

burning, s expected to be concentrted 1n urban
areas By analogy to DDT (17, 18) 1t i expected
that most of the airborne PCBs will be adsorbed
on particles Since roughiy three quatter of total
suspended particulates (TSP) in urban nreas are
of non-agricultural origwn (19), and the cmisaion
of TSP within cities 18 of the order of 2% |07
tons per year (20), this gives rise to a rough
estimate of PCB level on urban particulates of
50 to 80 ppm.

The half-fe of particulates 1o the air will de-
pend greatly on the size of particles to whiel: the
PCBs are attached and the extent of atmospherie
precipitation. (10) It is estimated that most of the
vaporised PCBs will be deposited within 2 or 3
days, mostly onto the land mass and coasal
walers surrounding urban areas The -mall
amounts of PCH attached to fine particulati~ wilt
reside 1n the atmosphere for extended periods and
be transported {0 remote Areas

Based on the above assumptions, the rate of
terrestrial net mnput of PCBs by serial fallout in
North Amernica will be a little less than the rate of
vaporization, about 1000 to 2000 tons/year The
vapor pressurc of Aroclor 1254, the dominant wir-
borne contaminant, is close to that of DDLC (21,
and 1t is estimated, by analogy to DDL (i7) that
the likety hali-lfe of PCBs 1n soil 13 of the order
of five years, The PCBs removed from the !
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will beeome adsorbed to pariiculates, mostly of
reiatively short range, and be redepomted and
vaporized one or more times untit they reach the
const By analogy to DDE (1, 2}, the redistri-
hution of PCBs by Ulus mechanhiem is expected to
hat o resulted in the redepostinon into the ocean of
onc quarter of the ’CBs that onginally fall outin
the terrestrinl environment The deposition pat-
tern will be influenced by the size distrbution of
purticles to which the PCBs are attached, with a
major fraction cnding in coasta! waters and a
sinall amount beang transported into remote
refions

11 s expocted that a negligible fraction of the
PCBs reaching the oceans will be revaporized,
thewr concentration wiil be too low

Water Transport

O account of the low water solubility and
lugh specific gravity of PCBs, it 15 expected that
mut of the PCBs discharged nto the environ-
menl will be resting as sludges or adsorbed in the
sedient a4 the bottom of rivers or lakes near
their poiny of discharge, and that transport in
s(rr ung will be pnmanly by means of waterborne
particles  Evidence for this postulate is indirect,
con-ving maimnly of the strong adsorption of
P( 13« by surfaces (22), the observation of PCB
concontrations as high as five times the solubility
junnt (6}, and the evadence that chlonnated hydro-
carbon pesticides are removed from contaminated
lahs by adsorption in sediments and codeposition
with algal bloom (24).

The transport of PCBs within rivers 1s as
described previously, by solution and readsorption
in the sediment and by sediment transport The
ut. on partition coefficient between sediments
atiJ water and on diffusivity in bottom sediment
are not available so that the transport models
(23 developed for rivers cannot yet be applied
The only measurements reported on PCBs in
ground sediment are for Escambia Bay (6, 26)
The PCH concentrat'on in the sediment 10 miles
downstream from a discont nued source of PCB
liss was found 1o remain constant over a year sug-
ge-ting that the PCBs are strongly adsorbed to
sechiment

I'lie amount of PCBs transported to the ocean
m ~olution or suspension in river water 1y esti-
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mated as 200 tons/year (49), a small amount
compared to the estimated input into nvers lrn-
gation waters amount to about 145 of the total
river flow and are expected to carry a corre-
spondingly lower amount, about 15 tons ‘year,
of PCBs to the terrestriai environment

Dredging and Dumping

Dredging of inland rivers and harbors may
lead to significant transfer of PCBs (rom con-
taminated sediments, especially when the dredge
spoils are dumped at sea. According to the Council
on Environmental Quality (27}, some 13X 10® tons
of polluted dredged spols are dumped at sea
annually off the United States, 907 off the Gulf
and Atlantic coasts A mgh figure for PCB levels
in polluted sediments 15 30 ppm, the highest level
recorded in the Escambia Bay incident away from
the immediate vicinity of the discharge (26) If all
the polluted dredge spoils were contaminated to
this level, the total rate of transfer of PCBs to
the oceans would be around 400 tons ‘year, mostly
intn the Atlantic Occan and Gulf of Mevico
Based on the genersl level of contamination o
more reasonable estimate of rate of transfer would
be only 20 tons/ycar.

Biota Flux

The total quantity of PCBs stored 1n migratory
animals 1s very small (see below}, and thewr move-
ments cannot account for a sigruficant fraction of
environmental transfer of PCBs The movements
with the greatest local siguficance are probably
the migrations of seabirds from the northern to
the southern hetmisphere, these might account for
the movement of about. a ton,/year (28) Human
fishing 13 estimated to retnove only 1-2 tons year
from the eastern North Pacmfie, the western North
Atlantic and the Great Lakes (30)

Separation and Transformatien of PCB
Isomers in the Environment

There are three proeesses hy which the compn-
aitions of PCB mixtures may change after release
into the environment
Fractionation

In general, the water solubilities and vapor
pressures of PCB womers decrease witly increasing
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Tabie 3. Percent Lose iu Area of Seven Chromato-
gram Peakn of Arocior 1254 After Stemm Heating
for 25 and 60 Minutes. [From Ref. 23|

Peak 25 Minutes 60 Minutes
1 86 83
2 4) 74
3 22 73
4 40 54
5 14 51
6 n 15
7 0 33

chlorine content, although the decreases are not
uniform (Table 2) (31) Hence the processes of
cvaporation, co-distillation and disgciution in
waler arc expected to fractionate nuxtures of
PCBs, the lower isomers being much more mobile
Tlun has been confirmed for co-distillation by the
results of Freed (21, 23) (Table 3), which show
that, after 80-min steam heating, the ratio of the
first to the sixth of the seven major chromato-
graphic fractions of Aroclor 1254 was reduced by
a8 factor of 5 Thus enwvironmental transport
mechanisms involving these processes arc ex-
pected to reduce the proportions of the lower
1somers 1n environmental sampies near to the
point of release. and to augment them 1n sampics
from remoter areas

Photolysia and Chemical Decomposition

Pholoiytic decomposition of certain PCB
isomers has been reported by Risebrough et al
(32, 33), and Safe and Hutmnger (34, 35). The
results of the latter suggest that in natural sunlight
some higher 1somers are more easdy broken down
than the lower isomers (35). Hence photolysis s
cxpected to reduce the proportions of at least
some of the higher isomers. Photolytic dechlori-
nation 1s also expected to give rise to lower
isomers, including some which may not be present
in commercial mixtures (35).

Becaune of their high stability 1o industnal use,
we assume that other forma of chemical (non-
biological) decomposition of PCBs are very slow
in the environment.

Metabolism and Excretion

Published studies of the dynamies of PCBs m
rats and birds (36-39) indicate that the higher
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1somers are generally taken up and or rrtameq
more effictently In each case the proportions of
pentachloro- and lower 1somery found m the ag.
mals’ tissues were generally lower than those g
the Arocior mixture to which they had been ey
posed, but there appears to have heen Lt
differentiation of the higher i1somers cvcept for
one hexachloro-tsnmer (36-38) It 15 net clear
each case whether the deficiencies of tie lower
isomers resulted (rom inetabohsm o) <hfferenta)
excretion, but it s likely that itoth uveeurred
Because of their lrigher solubility i1 water {cee
above), the lower momers would e expected to e
excreted more easly than the higher 1vomere 1
one study on rats, loss of PCHs from 1he boh
was markediy retarded by admimnstiation of car-
bon wtrachlonde (36), suggesting mtceferene
with metabohsm tn the hver In another <twdy
with rats, hexachioro-i~ciners were found 1 .
proportionate amotnts in the urne (37). sug.
gesting that the tetra- and pentachloiv-romu-
were metubolized and the hexaeldoro-isouie~ ey
creted jn part, while the heptachloro-isouiees wer
differentially retained Two stitdies of met.eholean
of PCBs n fish (40, 41) gave meonsi~ft ot rsults
hut showed no marked tendeney for the iugher
eoners to accumulate differentially

Evidence from Environmental Samples

Veith (42) has found that thr proportwu of
higher womers tnercasces downstream i sore Wi
consin rivers and that certain isomers charcicter-
istic of lower Aroclors disappear Stnce the lowor
isomers are uniikely to be differentially retmned
1n sediments (see above), thws suggests thal 1wy
are decomposed rapidly i the river environment
Evidence of brodegradation of pestiides undler
anaerobte condittons (43) suggests |he possibiity
that the degradation of the rmussing lawer 1somets
may occur primarly by mucrobial metabolisnd 1n
the bottom sediment We recommend that hglue
priority be given to this aspeet of decomposttioy
of PCBs

A number of wnters have reported that P fs
sanples catracted from animals gencrallv matel
Aroclors 1254 or 1260, but. that thelowest oot~
are sometimes relatively deficient or mussing o~
peaally 1n animals high m food ebains (38, #4)
Since substantial quantitics of Aroelors 1242 anid

Environmental Health Perspectives
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Table 4 Reiative Peak Heights in Gas-Liquid
Clhromatograms of Extracts from Sewage
Sludges. |From Rel. 45]

Relatin v Sludge Aroclor Sludge Arocior

retent.of A 1254 B 12680
ume
G 38 30 39 3
n s 63 72 24 14
100 51 59 17 4
10 104 110 51 30
145 100 100 100 100
[ a2 92 68 ]
2 00} 32 26 70 70
2 19 12 53 55
2 R3 21 16 B84 87
133 10 B 29 30
350 5 4 25 23

1248 must have been released into the environ-
ment {see above), these observations suggesat that
a large proportion of the lower isomers (those
with 4 or fewer chlonne atoms) 18 nmussing {rom
the ammal samples. However, few critical data
have been published. In one set of data from
sewage sludge (45) (Table 4), none of the lower
womiers is elearly deficient In published chromato-
grais for bards (38, 46, 47) (Talle 5), only the
lowest 1somers  (tetrachlorobiphenyls) and one
ligher 1womer were markedly reduced in com-
panison to Aroclor 1254 1n human adipose tissue
(48), however, pentachloro- and hexachloro-
womers were reduced or mimsing

TLe hagher 1somer reduced in the bird sampies
(48, 46) is probabiy that reported as deficient n
samples from the Gulf of California and Quebec
and found to be degraded by uitraviolet light
{32, 33). With this one exception, we conclude
tentatively that higher isomers (pentachlorobi-
phenyis and higher) are not significantiy differenti-
ated as they pass through food chains up to fish
and birds. Mammals appesar to be able to excrete
and/or motabolise penta- and hexachloro-isomers.

The lack of the lower isomers in sampies from
relatively contaminated areas couid be accounted
for either by metabolism or by their greater mo-
bility. However, Risebrough and Berger (33) found
that lower isomers were relatively deficient also
in samples from fsh in a remote lake in northern
C'anada This suggests that differential metabolism
15 the pnmary mechamsm 1n the environmental
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differentiation of isomers, outweighing the effects
of differential photolysis and differential mobility,
which would be expected to have reduced the
proportion of higher isomers 1n remote samples

Conclusions and Comments on Separation
of PCB Isomers in the Environment

We conciude that most PCB isomers with four
or fewer chiorine atoms have been degraded 1n the
environment, possibly by microbial action De.
eomposition of penta- and hexachloro-tsomers ap-
pears to occur in birds and mammals, but this
will have affected only a negligible fraction of the
PCBs in the environment Accordingly, we asaume
(3) that some 75% of the Aroclor 1242 released
into the environment, 809, of Aroclor 1248, 209,
of Aroclor 1254 and 5% of Aroclor 1260, have
disappeared.

The above discussion has been confined to a
general comparison of lower and higher somers,
because of the scarcity of data on relative pro-
portions of individual isomers in environmenta!
samples. In fact, the physical and cliemical prop-
erties and biodegradability of PCB isomers depend
on the positions of substitution as well as the
total chlorine content. More precise data on the

Table 5. Reiative Peak Arens (Peak 11100} for
Chromatogram of Extract of Eagle Carcass
and Aroclor 1254, [From Ref. 47]

Peak Relative Eagie Arnclor
No retention carcass 1254
nme*
1 0 39 75 (]
2 0 49 48 100 ¢
3 U 53 55 0 42 3
4 0 58 15 7 210
5 070 68 8 191 5
] 079 280 322
7 0.83 131 0 127 5
8 0 97 88 7 86 5
9 I 04 91 6 105 2
10 1.23 925 139 §
11 1 48 100 0 100 0
12 172 62 2 55
13 20 28 7 23 6
14 2 32 18 4 2 8
15 2 88 32 6 38 B
16 3 38 15 4 22 2

‘p,p-DDE=1.00
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exact quantities of individual somers in environ-
mental samples would permit more precise con-
clusions about the sources and routes of contami.
nation. We urge that numerical charactenzation
of individual peaks should be publshed whenever
possible

Cumulative Input inte the Environment

From an extrapolation of the sales curve in Fig.
1 to zero pruduction in 1930, it 18 estimated that
the cumulative sales in North America over the
period 1930-1970 were 5 10 tons Assuming that
the proportions of sales for different ysee were simi-
lar throughout the pernod, the cumulative losses
may be estimated as about 3 X 10 tons into the aur,
6> 10* tons 1nto fresh and coastal waters, and
3x10* tons into dumps and landfills. Using the
rerults of the premous section, 1t may be estimated
that roughly one-third of the PCBs released into
the mir and one-half of those released into water
have now been degraded. It s difficult to estimate
the extent of degradation in dumps, because some
of the PCBe there may still he in sealed containers,
but we assume 1n any case that leaching from
dumps into fresh waters has 8o far been negligible

Of the PCBs released into the mir, we have
asaumed that most would have been adsorbed

Lo
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Fraore 5. Ocean sub-model

Table 6. Range of concentrations of PCBain somple,

from the lrish Sea and Firth of Clyde, Scotiend,

October 1969 and subsequently [Ref. 58|, A}l figure
arc In ppm except thoee for seswater,

—

Sample PCBHB DT
nze
Beawater 53 <10ppt <I)-3ppt
Zooplankton 7 aQlon3 o0
Musesls o 200 0 050 3 001
Norway lobster a3 Q01 04
Herring 154 anl-20 o0 g
Whiting® muecle 8 ng-04 o
hver 15 10-T0 1l -29
Cod muscle 5 0 Jd-14 0 4-0 52
hver A 4 5-50 2 3-12
Qther fish 3 (USSR 0 04-1 0
Rasorbill levers 7 2 44 511
GutHemot Livers
birds found dead 49 2 -R80 1 7-26
birda shot 5 -2 ni-iH R

* These figures, as given 1n the ongmnal source. wnclyde
dieldnn aa well a8 DDT and its metabolites, It dieidnn
comprised only 457 of the total in the case of the guillemots

onto particulates soon after volatilization and
would therefore have fallen out relatvely close
to the source By analogy with DDT residues,
PCBe 1n soil would be expected to have a half-Lfe
of the order of 5 years (2, 17) Again using the
analogy with DDT and its mectabolites, we may
estimate that roughly one-quarter {1) of the total
(i.e.,, 5X10? tons) will have been transferred into
the sea, mainly into the Atlantic Ocean, and the
remainder {1.5X10* tons) distnbuted over ter-
restrial North America, with a negligible fraction
having fallen into fresh waters. Other inputs to
the sea arc difficult to estimate but have probably
been of the order of 10* tons (49) The remainder
(2X 10" tons) 18 assumed to have accumulated
lakes and rivers.

PCB Levsls and = DDT/PCB Ratios in the
Environment

In this section we compare the above estimates
of cumulative 1nput 1nto the environment with
measurements of PCB levels in physical and bio-
logical eamples The purposes of this coinparison
are: (1) to use the observed distribution of PCB< 11
the environment to check the conmstency of our

__Environmental Health Perspectives
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Table 7 PCB levels in Swedish marine orgmnisme 196568 [From Ref. $4]. Figures given are the mean (ppm in
eractable fat), with range ¢nd sample size in parentbesss; IDDT is the total of DDT and its metabolites.

Baltic Sea Btockholm Archipelago
Mean Range N IDDT/PCB Mean Range N ZIDDT/PCB

Al 43 (1988) (40 14 52 (3470 (15 06
Jferring 68 (0523 (8 25 51 (3385 (4 15
sl 35 {16—44) {3) 34 30 {16-58) 3 57
(nullemol (REs 250 (140-360) (M) 23 -
Herit 0400 H 15
W hite tudrd Eagle

birenst thuscie 14000 {B400-17000) (4} 18

hiran 910 (490-1500) 3 21

g 540 (250-800} (5) 19

medels of environmental transport, {2) to define
the types and locations of input to the environ-
mient whieh are responmble for the most senous
continunation of the biote.

L ptoke and Biological Magnification of PCBs
jin Food Chains

A lmge fraction of the reported measurements
of PC 1} concentrations in environmental samples
have twen from animals, especially fish and birds
igh 1 miarine food chains. Figure 5 outlines
schenitically a model for the transport of PCBs
within o simple manne ccosystem Laborctory
evperinents (6, 41, 55) indieate that aquatic in-
verlebrutes and fish can accumulate PCBs to
levels Letween 3 10¢ and 7X10* times higher
than those in the ambient water. It is not yet
clear whether concentrations of PCBs are con.
wstbutly inereased as they pass yp food chains
from invertebrates to fish and from fish to fish
(7, However, PCB levels are clearly magnified
within food chans involving birds and mammals
bv u factor on the order of 10 to 100 at esch step
(32, 44, 56, 57, 58). Hence, in the long food chains
cha:acteristic of marine systems {(59), the levels
in tlie top predators may be 107 times higher than
those 1 the ambient water (Tables 6 and 7) In
exireme enses, such us the starved guilemots in
Table 6, or the cagle fat in Table 7, the concen-
tration fuctors sy be as high as 10* or 10°
Berause of the extreme variability observed both
within and hetween samples, it 8 difficult to use
teasiired levels i anmals ay a direct measure of
levels in thie environment However, it 18 possibie
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to compare levels in the same species or In eco-
logically equivaient species to define spatial gra-
dients in contamination {29, 44}

ZDDT/PCB Ratios

Another approach (32, 58) utilizes the similanty
in properties between the persistent PCBs and
the persistent metabolites of DDT, primanly
DDE. {In the remainder of this section, DDT and
its metabolites DDE and DDD are grouped to-
gether as ZDDT) Experiments suggest thut PCBy
and ZDDT are accumulated by aquatic animals
to an extremely similar degree from ambient
water (41), and measurements 1n the same areas
indicate that the ratios ZDDT/PCB are very
similar 1n animals from different levels in the food
chan {Tabies 6 and 7) {32, 56, 75). Hence the ratio
IDDT/PCB in environmental samples, even in
anumals 8t the top of food chans, can be used to
infer the ratio in the substrate, at least to order
o” magnitude (32, 56). Then the extensive infor-
mation about the environmental distr bution and
transport of ZDDT {2, 17) can be used to make
inferences about the distribution and transport of
PCBs.

Air

The only numerical measurcments available of
PCB jevels in air are some estimates of levels in
total suspended particulates {TSP) in four US
cities between 1968 and 1970 (E P A, unpub-
hshed data). The mean level of PCBs was about
50 ppm, with levels in one city substantially

31
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higher. This 18 at least consistent with our earlier
estimate based on rates of transport in the en-
vironment.

Risebrough et al (80) were unable to detect
PCBs in a sample of manne air off the Califforma
coast This suggests that long-range (inter-conti-
pental} transport of PCBs 1n air may be
neghpble.

Land

We bave estimated the cumulative net input
into terrestrial North Amernce as of the order of
1.5 10* tone For eompansen, the total quantity
of EDDT remaining in terrestrial North Americs
is of the order of 3X10¢ tons, as estimated by
two inethods: total application minus estimated
total losses to the ses (1}; mean levels of 2-3 ppm
in & wide vanety of treated soils, and lesser
amounts in untreated soils (2, 17, 61) Hence the
contipental mean ZDDT/PCB ratio should be of
the order of 20 However, PCBa are expected to
be distributed primearily around urban sreas and
downwind from them, whereas IDDT is still
concentrated in the agrecultural and forested areas
whete it was applied (81),

A nation-wide monitoring scheme using starlings
(Sturnus vulpons) and woodcocks (Philohela
mtnor) is in progress Esrly resylts show mean
PCB levels 1n pocled samples of {at from woodcock
winge from esstern states in the range 4-7 ppm
{82). TDDT leveis from these pools are not yet
available, but fat from woodcocks in Canada con-
tans 6~130 ppm, depending on the loeal history
of application (29). Woodeocke feed on earth-
worma and should be a good indicator for soil
concentrations.

Otber data from terrestrial birds may be biased
towards jow ZDDT/PCB ratios, because the birda
were obtained jn industrislived regions. The
median ZDDT/PCB ratio in & small sample of
terrestrial birds from Califorms was 4 (32) Ter-
restrigl birds of prey in five European countries
have very high levels of PCBs, with ZDDT/PCB
ratios 1n the range 0.3-5 (63-67)

In human food, market basket surveys in the
Unpited States smuggest & EDDT/PCB ratio of
about 4 {68). Ratios 1n human milk (89, 70) and
human blood piasma (7i) are in the same range.
However, except for sporadic instances of con-
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tamination, most of the human ntake of PChy
appears to be in fish (68), whereas ZDDT 15 mueh
more widely distnbuted 1n the diet (72) If the
fish and shelifish portions of the dict are excluded,
the ZDDT/PCB ratio would probably be greater
than 10 Bimilar data have breen reported from
Bweden, where the EDDT/PCR ratio in total dist
ssmples and 1n buman rulk 1s about, 7 (73)

Fresh Waters

Measurements of PCB levels in water are avail.
able only for relatively polluted nver and bays
and are summanzed i note (50) Table 8 summa-
nses PCB levels and ZDDT/PCB ratios in fresh-
water fish and birda PCB levels are hoth abso-
lutely and relatively high in industnal rivers and
in the Great Lakes; within the Great Lukes there
i & gradient in TDDT/PCB ratice from west to
esst. Levels of PCBs are lower in the three samples
from lakes in less indystrialized areas listed st the
bottom of Table 8. These data sre consistent
with our conclusion that most PCBs 1o fresh
water gystems result from local discharges by in.
dustries, but that there is also widespread senal
fallout of small quantities

Based on our assumptions of mean concentra-
tions in fresh waters (50), we estimnate that the
water of the Great Lakes contains a quantity of
PCBs of the order of 100 tons, the total quantity

‘Tabile 3. PCB Levels and ZDDT/PCB ratios in North
American Fresh Water Vertebraten,

Mean PCB  IDDT/PCH

Area level in fish  ratio in fish  ltefer-
and/or fals- ence
{ppm) eating tirds

U.8 ndustriaiizsd

nvera 1-213 Q005035 9%
Lake Ontanc 19 0 0B-0) 2 5 T4
Lake Michigun 20 QO 4-y o
Lake Huron

{Qeorman Bay) — 08 3
Lake Buperior ~ 24 e
Ontana

Lake Nipigon 0t 14 7
US & Cunada-

Prune Lakes <g1 2 T
N Quebec

Lake Munto (L i 33
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1o other iakes would be negligible The quantity
aamied in river water would be only of the order
of 3 tone It is difficult to estimate the total
guantity 10 the biots, but since the Great Lakes’
feheries probably remove lese than & ton of PCBs
per year (30}, the total quantity in fish is probably
only of the order of 10 tons These quantities are
peghgible in comparison to the estimated cumu-
lative input of 2x10* tons after allowng for
degradation Hence we conclude that almost all
the PCBs that have been released into fresb waters
are adsorbed onto bottom sediments There are
po data to indicate the rate at which they are
being released into water and 1to the biota or
bemng biodegraded

It 18 expected that PCB levels in ground water
will be neglipble, aince any PCBs in water per-
colating through the soil should be adsorbed onto
soil particles (77).

The Sea

According to our estimaies, the total input of
PCDs into the seas around North Amenca has
been of the order of 1.5X10* tons, mostly into
the Atlantic Ocean, in part by localized discharge
and in part by aenal fallout. For comparnson, the
total put of ZDDT into the oceans has been
estunated aa of the order of 5X10* tons (1), of
which a duisproportionate quantity, probably more

Table 9. PCB Levels and ZDDT/PUB ratios in Marine
Vertebraies.

Mean PCB IDDT/PCB
Aren level in fish  ¢atso in fish, Refer-
{ppm) fish-eating irds enee
and/or mammals

Long lsland Bound 1.2 008018 78
Bay of Fundy 05 04 29, 79,
80

Atlanuc Ovean 01 0205 57
Puget Sound 018 11 56
San Francisco Bay 01-12 -3 32, 56
Calfornian Coast 0 62-1 5 32, 56
Gulf of California —_ 10 32
Gulf of Panama — 1-2 32
Pacific Ocean

{Galapagos &

Hawau) 003 >10 56
April 1972

than 10* tons, would have fallen into the North
Atiantic Ocean, because of the heavy use of DDT
in North Amenca (17) Thus, op these argu-
ments, the total quantity of EDDT 1n the oceans
would exceed that of PCBs by several tumes.
especially in the enatern North Pacific However,
ZDDT haa been introduced over large areas {1, 2},
so that it should be more uniformly distnbuted
than the PCBs, the discharges of which are
localizsed near industrialized ocomats,

Available mensurements of PCB levels and
ZDDT/PCB ratios, summarized in Table 8, are
generally conmstent with these predictions, al-
though the pattern is less clear than that in Table
8, in part because of the wide variability between
species {cf Tables 6 and 7). The higheat PCB
levels and the lowest ZDDT/PCB ratios have
generally been in areas close to industnal ac-
tivity At least in the Pacific, PCB levels decrease
and ZDDT/PCB ratios increase with increasing
distance offshore Dats on mannc birds summa-
rized by Keith and Gruchy (29) show that these
offshore grachents exist in both the Atlantic and
Pacific, and show further that PCB levels in the
Atlantic seabirds are 5-10 tumes higher than those
in the same or ecologically equivalent species in
the Pacific. The correlation of high PCB levels
with industnal activity has been demonstrated
most clearly in Europe, where 1t haa been observed
along the coaats of Sweden (65, 81), the Nether-
lande (38) and Great Bntain (82).

The only major discrepancy from this general
picture is the observation (57) of extremely low
ZDDT/PCB ratios {of the order of 0.01) 1n zoo-
plankton over a wide area 1n the North Atlastic
Ocean. ZDDT/PCB ratios in fish in the same
area werc of the order of 0.2 to 0.5 It 1 almost
inconceivable that aenal fallout of PCBa could
have exceeded that of ZDDT by such large factors
over such s large area, hence to explain the dis-
crepancy, it is necessary to assume either selective
removal of ZDDT or a local source of PCBs A
likely local source is dumping or leakage from
ships, PCBa introduced wnto the ocean in this
way would frequently be mixed with oil, would
tend to mix with surface slicks (83), and hence
would be peculiarly subject to uptake by plankton
Further study is necessary to confirm this sug-
gested explanation or otherwise explain the anomn-
alous low ZDDT/PCB ratio in the Atlantic Ocean
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Asmsuming the standing crop of fish 1n the eastern
North Paaific to be of the order of 10? tons, and
that 1n the western North Atlantic to be of the
order of 5% 107 tons (denved from 59), we may
estimate the corresponding loads of PCBs to be
of the order of 10 and !5 tons respectively As-
suming the standing crop of plankton to be five
tumes larger than that of the fish (1, 2}, the corre-
sponding load of PCBs might be of the order of
100 tons In the case of ZDDT, 1t has been esti-
mated that the total load 1n manne plants may
be several times larger than that (1 manne ani-
mals (2); this may be true for PCBs also, but we
know of no measuremnents to support 1t In any
case it seems unlikely that more than a few X10¢
tons of PCBa are stored in the manne biota of
the area conmdered, a very small fraction of the
total quantity introduced This fraction may be
mgnificantly greater than the corresponding frac-
tion for TDDT (1), beeause of the extraordinanly
high levels of PCBs 1n the zooplankton.

We know of no measurements of PCB levels
io sea water However, as in the case of fresh
water, 1t seems likely that most of the PCBs
would be attached to sediments or to floating
particles Observations on sediments (6, 26) are
in accord with this.

As for ZDDT, the deep oceans represent an
ultimate sink for PCB residues There 18 no infor-
mation from which to estimate the rate of transfer
of either to the deep oceans.

Summary and Conclusiens

According to the estimates made in this paper,
the PCBa released into the North American en-
vironment 1n the past are now conccntrated n
three major compartments 1n the environment:
(a) buried in landfill dumps (roughly 3 10* tons,
without allowing for degradation}; (b} attached
to sedunents in nvers and the Great Lakes
{roughly 2 X 10* tons); {c) attached to sediments
on the continental shelfl (roughly 10¢ tons). A
further substantial quantity (of the order of 2 X104
tons) has been widely distributed over the land
and sea by aenal fallout and by disposal from
ships. All the numerical estimates are expected to
be valid to order of magnitude only

Transler of PCBa within the environment 1s
expected to take place by the following mam

34

LI ———

routes: (a) volatilization, aenal transport on pAr-
ticulates, and fallout, (b) leaching from dumps,
(¢) sediment transport in ivers and In the <hallow
sea; (d) sedimentation 1n the ocean Uptake and
transport by the biota 1s probably a quantitatively
unimportant route of transfer of PCBs hut s of
major biological significance Virtually no eve
dence 13 available on the rate of transport v any
of these routes, but it 18 expected that all are
very slow In particular, PCBs in sedimi nt~ i
nvers and lakes are likely to move downstream
and augment those in the shallow sea for a long
penod into the future

As a result of Monsanto’s restnetions on distr.
bution, several mputs 1nto the environment are
likely to have been sharply reduced As eusting
products containing PCBs are scrapped, the re-
matning 1nputs into the North Amercan envirnn-
ment are expected to decline graduslly over s
penod of the order of ten years

As in the ease of DDT and 1ts metabolites, the
total quantities of PCBs seceumulated by the biots
are an extremely small fraction (less than one
percent) of those in the environment This raises
the posaibility that the dissemination of relatively
small fractions of the PCB production into senm-
tive areas may be pnmarily respensmible for
locally high levels of contamination of the biota
Evaluation of the long-term offects of the accumu-
lation of PCBs and of the change 1n use patterns
and production will require the development of
environmental transport models more sophisti-
cated than those currently in use, together with
the requisite data.

The following aspeets of environmental trans-
port of PCBs should have hugh prionty for future
research.

1. Properties and Rates Data are needed on
the solubilities and vapor pressures of indi-
vidual i1somers; on the partition eoefhi-
cients between water and sedimenta, water
and fats, on the rate of photochemuesl
deeomposition and aerobic and anaerobie
biodegradation, diffusion coefficients wn
sediment

2 Routes The magmtude of leaching from
dumps and aenal transport of PCBs must
be established by direct measurements of
concentrations in ground waters, mirborne
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particulates, and mainfall Data are needed
on the magmtude of industnal losees 1n
the past,

3 Transport Models Data are needed on the
transport of PCBs in contaminated sech-
ments 1n nvers and shallow sess, including
the dynamics of uptake from shallow sedi-
ment and losses to the ocean floor

4 Levels. Additional data, including quanti-

tative evaluation of the fractionation of

1somers, are needed for fresh waters, sous,
terrestrial plants and animals

Buwaccumulation model Inasmuch as the

penod since the first commercial apph-

cation of PCBs 15 less than the hietime of

& number of species, including man, and

the use and discharge pattern has been

vanable, there is 8 need to project the
long-range npact of the PCBs on the
different elements of the ecosystem.

I’mphssis should be on coordinated approaches
to sampling and modelling rather than a statistical
accumulation of data.

(4]
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Accumulation of Polychlorinated Biphenyls

in Ecosystems

by Robert W. Risebrough and Brock dz Lappe®

Chlonnated biphenyl compounds have become
thigqutous components of the global environment
Ty were first detected in species of Swedish
wildlife (1, 2, 3) and were subsequently found in
scals from the North Atlantic (4}, 1n & bird of
prev an Great Britain (5), in fish and birds from
the Netherlands (6}, and in both terrestrial and
manne species of wildlife in western North Amer-
ica (7) In the Arctic they are present in the polar
brars (Thalarctes martimus) of Hudson Bay (8)
and 1n fresh-water fish of tundra lakes that receive
no pollutants save those that are present in the
fallout from the atmosphere (9). In the Southern
Hemsphere, they were found 1n all bird species
analyzed that inhabit waters north of the Ant-
arctic Convergence but could not be detected in
a number of samples of wildlife resident in Ant-
arctica south of the Convergence (10) In this
paper some of the avaiiable remdue data are
sunmanzed withun the framework of a prelimi-
nary formulation of a mass balance equation for
the global distmbution of polychlorinated bi-
phenyls

Commercial manufacture of PCBs was begun
m the United States in 1928 (11), and environ-
mental 1nput may be assumed to have begun at
that time. Current Jevels of PCBs in major sinks,
ruch a8 the oceans, are evidently a function of
many parameters, including the proportion of the
tutal amount of PCBs produced over the past
forty years that has so far entered the eaviron-
nient, pathways of dissermunation, rates of degra-
dution to other compounds, partition coefficients
Letween water and lipid fractions of organisma

* Bodegwa Muariue Laboratory, University of California,
") Box 247, Bodega Bay, Californta 94823
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and the rates of permanent deposition 1n the sedi-
ments The determination of accumulation rates
1n major sinks and the predietion of levels to be
expected in the future, piven estimates of global
production and of environmental input, constitute
a challenfing problem in environmental science
A mass balance equation that would predict
future leveis of PCBg in the sea might profitably
be modeled on the approach recently used by
Weiss et al. (12) in considenng the amount of
mercury introduced to the sea as a result of the
activities of man Like PCBs, mercury in its
varous chemical forms 18 not essential to orga-
nisms but may be accumulated by them Both
groups of compounds move through the environ-
ment by water and air transport and are mobilized
from pools that exist in a variety of industnai
products, in addition to the pool of mercury 1n the
earth's erust. The transfer of mercury from the
continents to the oceans in river runoff was esti-
mated to be at most 2.8 10" grams per year,
considerably less than the estimated rate of ex-
change between the continents and the atmos-
phere, between 2 5 10™ and 1 5X 10" grams per
year The latter figures were obtained from meas-
urements of mercury in rainwater of the 1930°s
and in uncontaminated glacial ice The amount
of mercury produced by man per year is currently
on the order of 10® grams, of which one third was
estimated to enter the atmosphere Other sources
of atmosphene mereury inciude the burning of
foasl fuels, cement production and mumng oper-
atiens, but the integrated 1nput resulting from
man's activities 1n industry and agricuiture was
less than that released 1nto the atmosphere by
natural processes The doubhing of the mercury
content in dated layers of snow from: 8 Greenland

k1
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ice sheet over the past several decades was at-
tributed to an increased disturbance of sedimen-
tary rocks as a result of human dsturbance (12)

Such an approach yelded the prediction that
the current mercury content of marine orgamsmasa
18 at most no more than double that present in
pre-technological times (12)

The only synthetic pollutant for which a com-
parable mass balance approach has been formu-
lated 1 the insecticide DDT, together with its
derivatives (13) QOver the past fif teen years about
6 101 grams per year of DDT have been manu-
factured 1n the United States, of whieh a consider-
able fraction is exported The total global pro-
duction per year was estunated Lo be in the order
of 10" grams (13), of which all may he assumed
to be released into the environment Analyses of
DDT concentrations 1n nver waters indieated
that only a small fraction of the DDT applied to
the land would reach the sea by river transport.
The few dats available for DDT concentrations
1n precipitation indicated, however, that as much
a& ane quarter of the global production and use
could be transported to the sea through the
atmosphere (13, 14) Yet the total amount of DDT
compounds estimated 1o be in pelagic marine
orgatisms was only 10* grams Ewidently ad-
ditional measurements of DDT 10 manne precipi-
tation and in the water and organisms of the
mixed layer nre required before the mass balance
approach can be used to predict future levels of
DDT compounds 1n the oceans.

The ubiquity of the PCB compounds and their
relatively high concentrations in marnne organisms
of certain arcos require that an approach now be
made toward the formulation of a mass balance
equation in the global environment, us a necessary
step in the implementation of a program that
would prevent the buildup of unacceptable levels.

At the request of a number of environmental
scientists concerned about the possibility that
PCB levels would continue to inerease in the sea,
the Monsanto Company has recently released the
tctal production figures for their Arcelor PCB
producta from 1960 through 1870, with eatimated
figures for production in 1871, Total US pro-
duetion of the combined total of all PCB products
rose steadily between 1960 and 1970, from ap-
proximately 2X10* grams in 1960 to approx:-
mately 4X 10" grams in 1970. Estimated pro-

40

duction figures for 1071, however, show g sharmp

drop from those of 1970 and are equivalen y,

1060 levels Approximately half of this amount

used in “‘closed system” applications s electney

insulating hquids The domestc sales for all otper

uses, including heat transfer systems, hydraulie

and lubncants, plasticizers, etc, rose from A

proumately 5x10' grams in 1960 to shay

15X 10" grams in 1970, but estimated sales 1p

1971 were {ar below the 1960 figurex A consider.

able fraction of PCBs used 10 the "open system™

applicationa can be expected eventually to enter

the environment. U.B. export sales showed ap
proumately no change between 1060 and 1965
and were in the order of 2X10* grams per yenr
but have since nsen to about 510 grams (i5)

Of the other industnalized countres that produce
chlorinated biphenyl compounds, notahly France,
Germany, Italy, Japan, and the Sowviet Umon,
production figures are apparently readily available
only from Japan where PCBs are manufactured
by two companies, the Kanegafuchi Cherucal
Industry and the Mitsubishi-Monsanto Chemucal
Company, with combined production figures on
the order of 10! grams per year, somcwhat less
than the estimated 1971 total U 8. production of
20X10* grams In i970, 60%, of the PCBs pro-
duced in Japan were used for insulating fluids of
capacitors and transformers, 15-209, for the sol-
vent in carbonless reproducing paper, 10% for
heat-transfer media, and 5109, as plasticizers
and for export (16)

The figures made public by Monaanto were for
total PCB production only. The chionne compo-
sition of the PCBs detected in manne svstems
may vary widely between that tn waste water
outfalls and 1n the timsues of fish-eating birds
(17, 18). 1t 18 therefore essential to have pro-
duction figures for each class of PCBs in order to
understand PCB movements into and through
manne ecosystems. These have been presented in
the previous paper.

Combined U.S and Japanese figures for 1970
were, therefore, on the order of 5X 10" granm» A
reasonable estimate for global production figures,
including the PCBs manufactured in the Soviet
Union snd Western Europe, 18 therelore on the
order of 10" grams per year, equivalent to those
of DDT

Few data are yet avalable that perrut calcu-
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ations of the amounts of PCBs transferred to the
s Holden (19) found that about one ton of
PCBe per year was entening the estuary of the
(hde as 8 component of crude sewage sludge
om the Glasgow district Approximately a ton
o PCB: was also entenng the estuary of the
Thame- a8 & component of sewage aludge from
London Comparable amounts of PCBs were
{ound to be entering the Pacific Ocean from each
of several waste water outfalls in California (17)
The evidenee Tor atmospheric dissemination of
PCBs terives from their virtually universal distn-
putzon 1n the global environment, including resi-
dent Arctic species (9) and from the detection of
PCB peaks 1n all samples of rain water obtaned
over & year st seven widely distmbuted sites 1n
Great Britain {14) These PCBs were not quanti-
tated Permanent snow felds provide a historical
meord of PCB deposition with time The posa-
bty therefore exists for measunng the total
amount of PCBs transferred from the atmosphere
to snow fields recerving fallout from the major
wind eystems

Mceasurements of PCB concentrations in the
mixed layer of the ocean or in deeper waters have
not vet been made Concentrations in collections
of ruoplankton from the Atlantic, however, are
surpriangly ngh. Samples from eleven stations
over the Continental Shelf and Slope areas east of
the northeastern United States contained a median
coneentration of 57 ppm PCBs, with a range from
2 tn 260 ppm, in the extractable lipids, defined ns
ail matcenals extracted in a Soxhlet apparatus with
2:1 hexanc: peetone. Median dry and wet weight
coneentrations were on the order of 2 and 0.2 ppm
respectively Comparable values were obtauned in
snmples from two stations near Bermuda and
from two stations in the South Atlantic in the
wind path from the industrialized areas of Brasil.
(Concentrations of PCBa in two samples from the
vistern South Atlantic were lower by an order of
magnitude (20), Because of wide differences in the
total mass of zooplankton per unit volume of
waler, the valuss obtained in anslymng 200~
pisnkton samples an: an imperfeet indication of
the local burden of PCBs Moreover, partition
cuefficients between PCB concentrations in sea
water and in zoaplankton might be expected to
depend on the nature of the lipids and other non-
polar substances in which PCBa accumulate

April 1972

Quantitation procedures for PCBs have not yet
been standardized In many waste water and
biological samples, however, the profile of PCB
peaks closely matches one of the commereial
preparations, and accurate quantitation can then
be made using the height of any one of the prom:-
nent peaks The Atlantic rooplankton and fish
samples from Long Island Sound (21) had & PCB
compoaition that closely matched that of Aroclor
1254. Other environmenta! samples, particularly
birds (10, 18), frequently have a PCB composition
that is intermediate between 54 aad 80 per cent
chlorine. An arbitrary decision must therefore be
made which may affect the values obtained by a
factor as much as 2 or more. Most of the PCB
values reported 1o papers from our laboratory have
been obtaned by comparing the total ares of all
PCB pesaks emerging after p,p-DDE to the total
areas of the same peaks 1n chromatograms of the
Aroclor 1254 standard These values may be
somewhat too high Samples may contain a lower
proportion of the PCB compounds with fewer
chlorine atoms than does the 1254 standard Also,
the biphenyl molecules with more chlonne atoms
have a greater ability to capture electrons and
give, in general, proportionately greater responses
in the electron capture detector per molecule of
biphenyl. Thus, two eggs of the Cornmon Tern,
Sterna hirundo, from the colony on Great Gull
Island, Long lsland Scund, were quantitated for
PCBs using two different methods The areas of
PCB peaks emerging after DDF. were first com-
pared with the 1254 standard and concentrations
of 308 and 214 ppm in the egg lipids were caleu-
Iated, respectively When areas were compared
with the total areas of the same peaks in chro-
matograms of the Aroclor 1260 standard, the
PCB values obtained were lower by a factor of 2
and were, respectively, 145 and 88 ppm. The
eolumn used 1n thus instance was 59, QF-1 on
Chromosorb W, 80100 mesh, acid washed, HMCS
treated Under the conditions employed, the inte-
gated areas of all peaks of chromatograms of
equal amounts of Aroclor 1242, 1254, and 1260,
respectively, increased in the ratio 1.00:1 68:2 46
(22).

The different quantitation procedures used by
various laboratories may be expected to yield,
therefore, somewlint difierent estimates of PCB
concentrations. It is reasopable to assume, how-

41
MONS 2081l4b




Table 1. PCB in Marine Fish and in Fish from an
Arctic Tundrs Lake.

ppm,  ppm,
Locality, Spectes fresh extracted
reference weight  Lipid
ar fat
Tokyo Bay Sea bass 17— 120
Lateolabraz 34
Japonwa
Nova Scotis  Atlantic salmon 45 —_
Banka (23)  Salmo salar
Atlantic hernng 0 32- —_
Clupea harengus 0 54
Atlantic mackerel 035 —
Scomber scombrus
Cod 0 02 —
Gadus morhua
Swedish West Cod 0 02 73
Const, (2} (Gadus mothua
Fish oil _ 07
Baitic Sea (2} Atlantie herring 0 27 68
Clupea harengus
Cod o 03 11
{Fadus morhua
Atlantic salmon 0 30 29
Salmo salar
Fish il — 35
North Flying Fash 0001- 04
Atlantuc Cypaelurus exsdens O 007 g5
{24)
Dolphin 0ol 10
Coryphaenag hippurus
Shark (liver) 03 08
Carcharhinus
longtmanua
Mesopelagic Fasht 0 0l- 1 5=
{‘hauliodus danas 0 06 73
800-900 meters
Long lsland  Atlantic round hermng 1 2 30
Bound (21)  Etrumcus leres
Atlantic alverside 3.2 52
Menidwa menwiio
Atlantic mackere] 12 79
Scomber scombrus
Callormia Northern anchovy i0 -
Cuustal Engraults mordax
Walers (25}
Jack mackerel 002 —
Trachurus
symmetricus
Bluefin tuna 004 —

Thunnus thynuy

Table 1 —Continued

ppm,
Localitv, Specice frosh u:::;d
referenoe weight  hpy
or {at
Peruvian Sardina peruann ooy 0 G
Coastal Sardunps sagaz
Waters (28)
Caballa 002 20 ¢
Scomber yoponrcus '
Bonato 0 0t 05
Sorda serda .
Tiburén azul 0 as 114
Prionace glauea
Lake Minto  Lake trout + 04- | 1-
Ungava, Salrelinus 0o 120

Quebec (P)  namaycush

(—)=Concentrations 1o pafts per million

ever, in comparing these results, that differcnces
of an order of magmtude would yield uscful infor-
mation on geographical distribution

In Table 1 are summanzed some of the reported
PCB resmdue data in fish [rom representative
areas of the oceans and, for compaiison, PCB
values obtained in lake trout, Salvelinis namay-
cush, from a remote Arctic lake Amoung these,
highest concentrations were in the fish {from Tokyo
Bay and from long Isiand Sound (Tuble 1)
These bodies of water can be expeeted to recenve
significant amouuts of PCBs from urban sewnge
outfalls A companson of the resducs in three
species, the Atlantic salmon, Salmo salur, the
Atlantic herring, Clupea harengus, and cod, f/adus
morhua, from the Nova Scotia banks and from
Swedish waters shows that both areas have com-
parable levels of PCB contamination Thuat PCB.
have penetrated below the mixed surface inyer of
the North Atlantic 15 shown by their prescnce in
fish characteristic of decper waters obtalned at
depths between 800 and 800 metcrs PCB~ weie
also detected in the fish from the coastal wilers
of Peru. The levels 1n lake trout from Lake Manta
1o the Aretie region of Quebee were higher than
expected Lakes in this area arc shallow with
rocky bottoms, almost no vegetation, and wiry i
low amounts of orgamc matter It 15 interesting
that levels wn the Atlantic hernng, a fatty fi-h,
from both the Nova Scotia banks and the Buiti

D v d riery - mgtls. *
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Table 2. PCB residucs in petrels and shearwaters. Mean arithmetic concentrations in parts per million.

Species, reference Breeding area  Non-breeding ares  Tissue (N) ppm, {resh ppm, hiquid
weight bpud
why Petrd (27) Californts coastal Caldomua coastal Whole bedy (9) 21 200
Oceanadronia homoehroa waters waters (120-320)
Eax (6) a7 240
(136-370)
Leach's Puirel (28) Baja Calfornia, Eastern Pacific Egg (1) —_ 350
Oeranwdroma leuchorhoa Pacific Coast
Rluek Tetrel (7) Gulf of Caltfnrnia — Whole body (8) 10 -
Loomelna melanwa
Lexnt Porrol (7} Gutf of California — Whale body (3) 04 -
Heorypicra murosoma
Fulmar (7) Alaskn Eastern Pacific Whole body (3) 212 —
Fulmarus glaciolis
Pink -fontoi] Shearwater (7) Chale Western Mexico, Whole body (1) 04 —_
Puffinu« crentajrus northern Pacific
Saaty Shearwater (7) New Zealrnd Northern Pactfic 'Whols body (2) 11 —
Puffinns grisews
Slencler-Tnlind Shesrwater Australia Northemn Pacific = Whole body (1) 21 —_
Puftnas fenusrostras (7)
Ralpon's Petrel (10) Hallett Station,  Austrailian sems Whole body (10) 21 11 ¢
theeqiales noegnrcus Antarctica
Palmer Station, North Atiantic Whole body (9 a3 180
Antarctica
Gnt Pelre] {13 Palmer Station, Southern oceans Egg (3) 02 35
Macernnecien gipanisus Antarctica
suow Detrel (10) Hallett Station,  Antarctic ice-pack Whole body (10} 00R 03
Pogieirimma nivea Antarctica

were constderably higher, by an onder of magni-
tude, than levels in the cod on & fresh weight
bass, nlthough the eod vceupies s higher position
n the food web On a fat hasis, however, residues
m both specics in the Baltic were comparable.
These data auggest that amounts and kinds of
hipid~ may affect the retention of PCBs, modifying
the truphue accumulation predicted by the classical
fooll chain concentration theory. Conmstent with
ths isypothesis are the higher PCB residues meas-
urect 1n extractable lipids of the North Atlantic
plunkton than in the lipids of fish from the same
ACA,

Table 2 includes a representative selection of
PCB residues so far measured in species of petrels
and shearwaters, These birds are strictly oceanic,
rrely approaching land except to breed on 1slands
or undisturbed constal arcas They do not dive
for therr food as do the fish-eating species but
rather feed upon plankton and other orgame ma-
tenel obtained at the surface of the sea Within &
gven manne ecosystem, their burdens of both

April 1972

PCB and NDDT residues may be higher than those
in Ash-eating species such as the Brown Pelican,
Pelecanus occidendalis, or the QOsprey, Pandion
hahraetus (7) Many species range widely, breeding
in one hemisphere and spending the remainder of
the year 1n the other As expected, lowest levels
were found in the Snow Petrel, Pagodroma mwvea,
a species remident in the Antaretic pack-ice region
High residues were found in tissues of the Wilson's
Petrel, Oceaniles ocegnicus, from the popuilation
that breeds on the Antarctic Pemnsula and m:-
grates to the North Atlantic during the southern
winter months. Comparable levels were found io
the Ashy Petrel, Oceanodroma homorhroa, a species
that remawns largely or entirely within the Cal-
fornia coastal waters. High PCB concentrations
were also found in an egg of a Leach’s Petrel,
Oceanodroma leuchorhoa, obtamned on the lsles
Coronados, Baja California, Mexico, in the
viemnity of San Diego, Californa (Table 2)
Table 3 summanses the PCB data obtained
from analysis of eggs of the Brown Pelican over a
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Table 3. PCB residues in eggs of the Brown Pelican.
Peleranus occidenishs, from Norith and South
America. Mean srithmetic concentrations in
psarta per miliion of the egg hpid {30).

Breeding area Sample ppm PCB,
Bize hpd
Peru 5 14
Prnama ] 4
Veneruela 4 5
Jamnica 4 19
Flonds, 4 colonies R7 71
Gulf of Califernia 4 4
San Benitos
Western Bajs Cabfornia 10 30
San Marun,
Western Baja Culifornia 8 72
Loa Coronados 28 266
Anacapa [stand, Cabifornia 85 210

substantial portion of its range 1o both North and
South America This species feeds only upon
manne fish obtained 1n coastal waters Asexpected,
levels in the South Amencan populations are sub-
stantinlly lower than those in North America.
Concentrations 1n Flonda tend to be about three
times lower than those in Cahformia This species
docs not oceur along the cosst of the heavily
industnalized aress of the northeast United States,
but 1n these areas the Osprey, another fish-eating
specles, may contain PCB remdues five to ten
times higher than these in the Flonda populations
of Brown Pelicans (20). The PCB or associated
compounds are a possible cause of embryonic
mortality observed in the Osprey populations of
these areas (20)

The major difficuity in the design of a moni-
toning program to determine whether PCB resi-
dues are incressing or declining in a given sink
is the lack of a statistical design that would es-
tablish how many individual specimens should be
analysed in order to determine the parameters of
the pollutant distnbution at n desired confidence
level. Nor has 1t been established which species of
organisms are most switabie for such momtonng
programs. The distnibution of residues of chlori-
nated hydroearbon insecticides and their deriva-
tives within & population 15 frequentiy non-
Gaussian, slthough transformation of residue
concentrations to their loganthms yields a distn-
bution that 18 sufficiently Gaussian for the use of

L

established statistical methods (31, 32) Coug.
dence intervals, therefore, can be establmhed for
such paramcters as the means of loganthme of
residue concentrations The confidence intervg]
however, cannot be transformed back 10 the ong:-
nal distribution There apparently nie no <aty.
factory statistical methods that would determige
the confidcnce intervals about the unthmete or
geometric mean of measured concentrations (32)
Moreover, one hundred or more analy-es of ind,.
vidual specimens might be necessary to determie
the precision of the loganthm of the geometrical
mean within a range equivalent to 1097 of the
value of the geometric mean (31, 32)

The two mejor research problems that are
emerging from the occurrence of PCBs o the
environment appear to be first, the determination
of the secumulation rates in sinks, so that the
concentrations found there might be related to
input levels, and second, the determination of the
effects of PCBs or their derivatives upon organisma
and ecosystems at each contamination level [t
might be hoped that a fraction of the con<iderable
sums of money that would be spent at both
national and international levels to “‘monutor’” the
environment will be diverted to programs designed
to answer the significant questions rather than to
assemble tables of random numbers, for which
there 18 no pressing need
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Contamination of the Bay of Fundy—Gulf
of Maine area with Polychlorinated
Biphenyls, Polychlorinated Terphenyls,
Chlorinated Dibenzodioxins, and

Dibenzofurans

by V. Zitko*, 0. Hutzingert, and P. M. K. Choi**

The procedure used to determine polychiorina-
ted Inphenyls (PCBs), polychlorinated terphenyls
{PCTs), chlonnated dibenzodioxins, and chlon-
nated dibenzofurans 18 outlined in Table 1. It is
based on the cleanup-chromatography of Holden
and Marsden (1), modified as described (2), Most
PCHs arc eluted in fraction 1. Fraction II contains
some PCBs, p,p’-DDE, and PCTs, whereas hepta-
ciilor exposide, dieldrin, endrin, p,p’-DDD, and
p,1"-DDT are eluted in fraction III Fractions I
and 11 arc further chromatographed on aliimina,
essontially according to Porter and Burke (3), to
determune chlorinated dibensodioxins and dibenzo-
furans.

PCTy, hexa- and octachlorodibenrodioxin, and
octachlorodibenzofuran were quantified by gas
chiomatography on 3% OV-210 on Chromosorb
WAW 60/80 tn & § ft X 4 mm columnn at 200°C.
A 19, SE-30 celumn was used to quanty PCBs,
chlonnated hydrocarbon pesticides, 2,3, 7 ,8-tetra-
chlarodibengodioxin, di-, tri-, and tetrachloro-
dibenzofuran

Reeovery of PCBs and chlorinated hydrocarbon
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pesticides in this procedure was gencrally better
than 95% (2). Recovery of PCTs was 90% Re-
sults of the analyses of commercial Ashmeal.
spiked with chlorinated dibenzodioxins and di-
benzofurans are presented in Table 2

PCTs were found only in cggs and fatty tissucs
of hernng gulls in levels of 01 and 14 ug/g wet
weight, expressed as Aroclor 5480, respectively
This indicates that PCTs are not as widely spread
in the environment as PCBs

Ounly a limited number of samples were analyzed
for chlorinated dibenzodtoxins and dibenzofurans
The samples included muscle and liver of white
shark (Carcharodon carchanas), eggs of double-
crested cormorants (Phalacrocorax aurtua), and
herring gulls (Larus ergeniatus), commercial her-
ring ot!, and groundfish herring fishmeai No
residues of chlorinated dibenzodioxana and di-
benzofurans were found.

Detection limits of the individual compounds
are estimated in Table 3

The absence of chiorinated dibenzodiosins and
dibenzofurans from aquatic ammals 18 encourag-
ing. However, these compounds are extremcly
toxic, and a more detatled 1nvestigation is neces-
sary The snalytical technique should be further
improved to achieve lower detection hmits

The levels of PCBs and chlonnated hydro-
carbon pesticides found in fishes, double-crested
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Tabia 1. Procedure for determining PCBs, PCTs, chiorinated dibenzodioxins, and chiorinated dibenzofurag,

e

Chromatography on alumina
(800°C 4 b, 5% H/0)

Chromatography on Sthear®
{130°C overnught, 37 H,0)

Fraction I (10 m! hexane)

Chromatography on alummna
(130°C overnight)

Fraction 1I I (20 ml 29 CH+Ch

Fraction 1T (20 ml hexane)

Fraction II I1 (10 mi 207%

Fraction 1E] (10 ml 109 ether in hexane)

Fraction 1 I (20 ml 277 CH,Cl,

Fracteon I 11 (10 mi 209, CH,Cl,

PCB, C,Cl, .
in hexane) {
HCDUD faater isomer v

1 hexane) TCDD, OCDPD 0OCDF

(X~ WLl

p.p-DDE
i hexane)

L

HCDD slowet imomer

CH/Cl; 1n hexane) TCDD, CDF

-~

TCDD=2,3,7,8-tetrachlorod bensodsoxin

HCDD, OCDD = hexa-, octachlorodibensodionin,
CDF = mixture of di-, tri-, and tetrachiorodibensofuran
QCDF = octachlorodibensof uran,

cormorants, and bherring gulls from the Bay of
Fundy-Gulf of Mane area are summanzed in
Table 4. The concentration of PCBs is generally
higher than that reported for the same or similar
species from other areas, such as the Baltic Sea
(4), California coastal waters (5), Britain (6), and
Weatern Canada (7)

It is interesting to note that the levels of PCBs
found 1o fishes from the Bay of Fundy~-Gulf of

Table 3. Analysis of spiked Sshmeal samples, ug/g
wet weight,

TCDD* HCDD* oCDpD*

Sample
Added Found Added Found Added Found

——

Maine area are about one order of magmtude
higher than those in fishes from the Nova Scotu
banks (2) Determination of PCB reaidues
Atlantic saimon (Salmo salar) also indicates that
elevated levels of PCBs are associated with constal
areas. Thus muscle of salmon caught off Grecniand
contains 0.20 ug/g of PCBs, whereas in specuinens
landed in Canada PCB levels are from 045 to
0.82 ug/g on wet weight basis

In ail samples the peak pattern of PCB residues
resembies quite closely that of Aroclor 1254, and
the results are expressed as Aroclor 1254 Howcever,
fish from lower and intermediate levels of the {ood
web contan relatively lower amounts of hexa-
chlorobiphenyls (4th, 5th, and 6th major Aroclor
1254 peak) and higher amounts of tetra- and

1 118 09 1.08 15 130 120
2 o5 06 108 04 065 057 Tabla 3. Detection limits of chlorinated
a 029 0.3 020 31 032 05 dibenzodiosins and dibenzofurans
CDF* OCDF* Compound Detection hmit, ug/g wet weight
Added Found Added Found TCDD* 0 04
CDF* 002
4 121 14 0Bl 0 98 HCDD* 002
5 0 80 0 82 0 45 038 ocpp* t 0
4 030 028 023 0 I4 OCDF* 00l
® See Table | * See Table 1
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Table 4. PCB and chiorinmted hydrocarbon pesticides in aquatic animals from the Bay of Fundy-Gulf of

Majne area.
Bpecies Tissue PCBe wg/8 wet waight Other
(aa Aroclor 1254) p,p-DDE
Hernng Clupea harengus whole fish 0 34 006
Machere) Scomber scombrus musele 0 35 0 o7
Plaice }1ppoglossndes platassordes muscle 038 o0
% hite bake Urophpews tenuws muscle 0 44 003
Ocean perch Sebastes marinns muscle 0 32 0
Cod fradus morhua muacle 0 55 004
Ses raven [Hemuiriplerus amervanus muscle 0?21 0 08 DDT © 24
viscera 073 0 30
Basking shark Celorhinus mazreus muscle o o7 —
liver 1 07
White shark Carcharodon cgrchanas muscle 07 0 48
hiver 218 335 DDT 63
DDD 43
Bluefin tuna Thunnus hynnus muscie 1 54 015
Herring ol 3 55 227 DDT 0 37
Fishmesl 0 54 019
Doulsle-crested cormornnt egEs 43 5 20 4=
P'halacrocoraz aursius 17 2= 8 6
muscle 3 38 8 40
liver 213 4 16
Subcut. fat 38 164
Abdom fat 52 162
Herring gull Lorus arpeniotus Kz i2 6 5 67
5 54 2 83
musche liver 5 08 2 07
8 50 2 08
Subcut fat 75 26

* Different nesting colones.

pentachlorobiphenyls (1st and 2nd major Aroclor
1254 peak) than high trophic level white and silky
shark (Carcharodon carcharias and Carcharhinus
Jalerformis, respectively) and agustic birds. At-
lantic salmon parr fod Aroelor 1264-contaminated
diet in the laboratory aleo contain relatively lugher
amounts of tetra- and peatachlorobiphenyls, This
may indieate that fish more efficientiy absorb the
lower chlorinated biphenyls. On the other hand,
these compounds may be metabolised and ex-
creted, no that a preferential accumulation of
ligher chlorinated bipbenyls occurs in the food
chains. The fractions of hexachlorobiphenyls at
different trophic levels are summarised 1n Table 5.

The toxicological mignificance of environmental
levels of PCBs and their rate of sccumulation 1n
the environment are not known. In apite of this,
PCBe and other industrial halogenated hydro-
carbons should be considered potentially harmful,

Aprit 1972

Table 5. Fraction of bexachlorobiphenyls at different
trophic levels.

Fraction of hexachloro-
biphenyls in terms of

Sample Aroclor 1254 peak heights,»
44-5+6
14-24-445+6

Aroclor 1254 0 56
Fish, wild 0 38
Atlantic salmon parr on

Aroclor 1204-

contaminated diet 0 4t
Qitky shark 0 74
White shark 071
Egga of doublecrested

cormorants and

hernng guile 0 72

¢ Numbers refer 1o the major Aroclor 1254 peaks
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and thew release into the environment shoulid be
lunited a8 much ag possible
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Recent Fluctuations of Chlorobiphenyls
(PCBs) in the Green Bay, Wisconsin, Region”

by Gilman D. Veith, Ph.0.1

introduc tion

Dunng the paut six years, Wisconsin and Michi-
gan have meintaned & major stocking program
for trout and sslmon wn Lake Michigan 1n an
effort to re-establish a sport 6sheries, and to
control nuisance fish, such as the alewife In 1969,
Veth and Lee (1} found these large predators
coutmined chiorobiphenyls (PCBs) st concentra-
ton- rangng from 10 to 25 ug/gm (fresh weight—
as Aroclor 1254) Furthermore, the coho salmon
egzs contalned 12 to 17 ug/gm PCBs (fresh
weight) which, based on the results of Johansson
ot &l (2) suggest that the PCBs may contnhute
o the poor reproductive success of the stocked
fish m Lake Michigan. The seizure of fish from
Lake Michigan, because of the presence of chlon-
maled pesticides and PCBs at concentrations
greater than that regarded as safe for human
consumplion, has demonstrated that the continu-
ous input of trace quantities of these chemicals
nuy jeopardize major food resources for man, if
proper management of hazardous chemicals is not
practiced.

There are numerous examples of the aquegua
transport of PCBs originating from industnal and
sanitary wastes (3, 4). Vesth and Lee (5) reported
thy presence of PCBa in sanitary wastes of all

* Contnbution of the Water Chemustry Program, De-
partment of Civil and Environmental Engineering, Uns-
vermry pof Wiscunmin, Madmwon, 53706 Thu work was
spported under the University of Wuconan Ses Grant
Progrum, the Depariment of Civil and Environmental
Engmeering, and the Engineering Experyment Station

t Amustant Professor of Ctvil and Environmental! En-
picering, Univermty of Wisconsin, Madiscn, Wisconsin
53700
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cities and villages studied 10 the Milwaukee River
(Wisconsin) watershed Dube (6) has found similar
results in s study of PCBs 1n murcipai wastes
from southeastern Wisconsin. Al of these data
were obtained pnor to or shortly after the volun-
tary partial ban on PCB sales by Monsante Com-
pany This paper presenta the prelimnary dats
from studies of the levels and sources of PCBz in
nvers discharging into Lake Michigan—Green
Bay in northesstern Wisconsin

Green Bay (Figure 1} is an 120-mule long elon-
gated bay in the northwest corner of Lake Michy-
gan The major rivers tributary to lower Green
Bay are the Fox (mean discharge of 11X 10* m?
day~1), which enters at the southwest end of the
Bay, and the Oconto (2 10* m* day~%), Peshtigo
(2X10* m* day~") and the Menomiuee (8 X 10¢ m?
day™), all of which enter along the northern shore
of the Bay (7). The Fox and Menominee Rivers
receive the wastes from the cities of Green Bay
and Marinette (Wisconsin)—Menominee {Michi-
gan), reepectively. The Oconto River receives the
wastes {rom Oconto Falls and Oconto, and wastes
from the city of Peshtigo are discharged into the
Peshtigo River. The Big Suamnico and Pensaukee
Rivers primarily drain agricuitural and forested
land and do not receive any major municipal
wantes abave the respective sampling sites

Exparimental Procedures

Field Sampling

The procedurex used in this study have been
discussed in detail elsewhere {(5). The collection
of water waa conducted with all-glese systems to

B 51
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Fiatme 1 Location of Green Bay, Lake Michigan and
major nvers tibutury te the Bay

preclude possible intersction of the sample with
rubber, plastic, or polyvinyl chionde zurfnees.
Sampies were collected from the river by sub-
mergpng & weighted, glass carbwy (20 1) at a depth
of 02 m in the center of the main channel Pre-
servatives werc not added, as samples were cooled
and extracted within 24 hours of collection

Extraction

Water samples (20 1) were bateh-extracted twice
with hexane ib 2 | separatory funnels. The hexane
portions were combined, dried with anhydrous
Na80, and concentrated to 15 mi for cleanup n
B gentle sir stream

Liquid Chromatography

The cleanup of extracts for gas chromatographic
analysis was conducted with liquid chromatog-
raphy on Florisil, as described by Reynolds (8)
and Hughes et ol (8) The media (Kensington
Bcientific) was extracted in a Soxhlet extractor
for 24 hours with an azeotrope of hexane and
acetane (1:50) to remove organic aumpunities, The
azcotrope was evaporated from the Florgl at
105°C, and the Florisil was heated ta 650°C for
2 5 hours for activation.

52

The Flonsil cojumn for preliminary clm“
was prepared by vibrating 19 g of Flong intg
8 25 mm o d. glas column, which was fitted wyy
a glssa int and Teflon stopeock The column way
topped with 10 g sshydrous sodium sulfate 1,
prevent deactivation of the Flonsil by trace, of
water in the extract. The extracts were placed g
the column and eluted with hexane (200 ml) ¢y
recover the PCBa, if present Whith suue samples,
it was necessary to rechromatograph ihe hexape
eluate from the 25 mm o.d. Flonsd on a smaller
diameter Florisil eolump (0 mm 1d ) to walye
the PCBs from organic interferences I necessary,
the PCBs were separated from the DDT group
of pesticides through chromrtography on s
acid (10, 11)

Instrumentation

The avalyses of wster extracts were conducted
on an Aerograph 1745-20 gas chromatogrph
equipped wath concentric tube electron capture
detectors ("H, 260 mC) and a 50:50 effiuent
sphitter for simuitsnpeous anslysis with electron
capture snd flame jomzation detectors. Analytical
GLC columns consisted of 20 m X 1 8 mm glass
colls which were packed with erther OV-101 (3
percent}, OV-101/XE-80 (3:3 percent), or
OV-101/QF.1 (3:4.5 percent), coated onto Gas
Chrom Q (720/140 meab) The carner gas {punfied
Ni} was maintasined at 21 ml min~'; and the -
jector, column, and detector temperatures were
250°C, 180°C, and 220°C, respectively

Analysis

The commereially prepared PCBa in the U S A
(Monsanto Company, Bt. Louis, Mo ) exixt as
seven complex muxtures under the name “Aroclor”,
which range in chlorine content from 2! to 82
percent. When the PCB mixtures are chromato-
graphed with GLC, the maxtures of womers iro-
duce both resolved and supenmposed peaks and
are somewhat. charactenned by the GLC fingoer-
print presented as relative peak heights snd re-
tention tumes. Becaunse of the complexity of the
mixtures, determingations have been quantitatively
defined by companng the area of a sample chro-
matogram to the area of & known quantity of the
commercial mixture which most closely resemblc
that of the sample,

Environmental Heaith Perspectives

MONS 208156




cleanup
briml 1nto
tted with
fumn was
ulfate to
traces of
blaced o

mil to
samples,
2 hexane

smaller
o isolate
P ;-..'_
T group
bn sthicic

nductcd
ograph

pture
effluent
lectron
nlytical
1 glase
101 (3
k}, or
Lo Gas
punfied
Lhe 1n-
B werc

JRA
ot as
clor”,
to 82
mato-
k pro-
b and
nger-

¥ the
fively

hro-
f the
mble

ives

Table 1. Variations of Chlorobipheny!ls in Rivers in the Green Bay Study Ares,

Concentration {ug/1 a8 Aroclor 1254)s

Ruver
12/29/70 5/21/71 7/20/71 8/6/71
Peshtige River, Peshtigo 03 0 38 <0 0l <0 0l
Oeonto River, Oconto 0 45(3) 016 <0 0l <0 01(3)
Pensaukee River, Pensaukee <0 0l <0 01 <0 01(1} <0 0l:1}
Bix Suamied, Susmico <00 <0 01 <0 01(1) <0 01(1)
Fox River, Green Bay 0 {8k (3) 0 26 016 015

* Mean of two analyses unjems noted otherwise

b Foy fuver sampies analysed sa Aroclor 1248, Late eluting components present near municipal waste treatment outfall

Expheit chemucal confirmations for the presence
of PCBs 1n each sample were not posgible in this
study PCBs with simlar retention volumes and
reistive peak heighta were confirmed in the fish
from the Milwaukee River uming i and mass
specirometry (5). The analyses do not preclude
the possible presence of other chemicais which
may have similar chemical properties, such as the
chlorvnaphthalenes,

The recovenes of PCBa from water samplea
which were “spiked” with Aroclor 1254 and 1260
were apiproximately 80 to 85 percent. Although
the relutave error at 1 ug/l was about +8 percent,
the relative errur in replicate analyses of nver
waters at the 0.1 ug/l level may increase to 15
o 20 percent.

Resuits and Discussion

The results of the monitoring of five nvers in
the Green Bay area for PCBs dunng 1971 are
presenied in Table 1. The consentration of PCBs
i the Pensaukee and Big Suamioo Rivers re-
mained below the determinable limit of 0.01 ug/|
throughout the period of the study. The PCBs in
the Peshtigo River below the city of Peshtigo
were approximately 0.3 to 0.4 ug/l (as Aroclor
1254) until May 21, 1971, but decreased to below
the determinable Fmt by July 20, 1271, PCBs in
the Oconto River below the city of Oconto were
present at a concentmtion of 0.45 ug/l (as Arocior
1254) on December 28, 1970, but decreased during
the spring of 1971 and were also beiow the de-
termunable limit on the July 20 samphing date In
tontast, no trends in the concentrations of PCBs
o the Fox River were observed, and the levels

April 1972

were found to be above 01 ug/l (as Aroclor 1248}
throughout the study It should be noted that
the chromatngrams of the PCB muxtures in the
Oconto and Peshtigo Rivers were most sumlar to
that of Aroclor 1254, whereas the mixtures in the
Fox River were predominately Aroclor 1248, with
minor components simlar to those in Aroclor 1254
sometimes apparent

The imtzal purpose 1n momtoring the tnbutaries
of Green Bay was to relate the composition and
concentration of PCBs in the major tnbutanes to
those 1n the water from the Bay and to exarnine
possible changes in the composition of PCBa in
tbe sediments The data obtained from the imitial
monitonng, which shows that the PCB concen-
trations in two of the major tnbutares decreased
sharpiy to below the determunable limt in 1971,
suggests that the self-imposed restrictions on the
sale of PCBs by Monsanto Company in 1970 and
1971 may be having an immcdiate effect in some
niver systema. Continued monitoring of the Fox
Ruver will be conducted to determune if the levels
of PCBs anmng from this highly industrial area
will also dimirush in the near future

Although the analyses of water from Green Bay
indicated the coneentrations of PCBs vared from
007 ug/l (as Aroclor 1248) at Loug Tal Point
near the ity of Green Bay to 004 g/l approxi-
mately 35 miles northeast of the eity near Sturgeon
Bay, the variations jntroduced by windmiving
and the inability to measure small concentration
differences below the 0 05 ug/l level may make
it impossible to determne if the decline in PCBs
tn tributaries will be reflected in the water from
the open Bay in the near future Consequently,

53
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the sampling program has heen expanded to in- 5 Veith, G D and Lee, G. F 1471 Chlorobiphens 1y
clude fish and other organisms of the Bay which (PCBs) 10 the Miwsukes River Whter Researvy
contain xg/gm quantities of the PCBs 5. 107

™
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polychlorinated Biphenyl Residues in Milk
of Environmentally and Experimentally

Contaminated Cows

by G. F. Fries®

Polychlorinated biphenyl (PCB)' residues have
wen found in the milk of cows. In some instancea
the remgue levels exceeded the FDA guideline
! ppm in tulk (equivalent to 5.0 ppm in milk,
fat), ant! the milk was removed from the market.
The major source of PCB residues m milk 1
froclor 1234 that has been used in coatings for
concrete mlos. Aroclor 1254 ts unaltered in silos,
tnd most of the contamination is adjacent to the
watle {1, 2

We lisve observed a number of farms with
PCB-trented silos and have fed Aroclor 1254 to
cows under controlled conditions Thie paper
mmmanzes our major findings.

Kature and Oiccurremce of Residues

‘I'e PCB recovered from silage is identical to
stanclard Aroclor 1234 (1). However, many of the
componenta with short gas chromatographic re-
tention times do not accur in milk residues (Fig 1).
The components with short retention times are
sppurently less chlorinsted than those with long
retention times. Our observations in cows are
similar to cbservations in uther specios (3).

A complication in analyzing environmental aam-
pley 19 & possibility of interference by DDT and
some of jta related compounds. We dehydro-

*United Rtstos Departiment of Agnoulture, Animal
Sewbee Hesearch Divajon, ARS, Beitaville, Maryland
20700

t in this paper the term PCB is interchangeable with
Arovlor 1254 or, in the ease of mulk and body [at, residues
denved from Aroclor 1204

April 1972

chiorinated the samples to remove possible inter-
ferencesa of DDD and DDT DDE did not
interfore, because those components of Aroclo
1254 with the same retention time ags DDE did
not occur in Bignificant amounte m milk (Fig. 1).

We obtained milk tank samples from six farms
with PCB-contaminated sios. The PCB levels in
milk fat are summarized in Table 1 In all cases
PCB concentration in mulk {at exceeded the FDA
gudeline, at least part of the time, when silage
waa fed, When the silage was not fed, levels of
PCB in milk fat were always lower than the
guidelines.

The farma represent a variety of feeding and
management conditions The results miggest that
any daryman with & contamnated mlo wiil prob-
ably exceed the guideline at least some of the
time during the year. While a few higher levels
have been reported for herds removed from the
market, moat were withun the range of our obser-
vations. The number of farms with PCB-con-
taminated mlos 18 not known However, PCB
contamination of milk is probably more prevalent
than ths regulatory record would suggest.

Comparison of DDE and PCB

We have observed a herd that was simultane-
ously contamunated with high levels of DDE and
Arocior 1254 from a silo. By s fortuitous set of
circumstances, the covns hiad been removed [rom
the sources of both contanunations at about the
gsame time. A detailed deschiption of thus work
has been prepared (4.
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Frovss | Gas chromstograme of Aroclor 1254 standard
and remdues in milk. The 8t % 3 . od oolumn
wan packed with 10% DC-200 on Gaachrom-Q A 95%
argon-5% methane muxture was Used aa CAITier gAS
and the column tempersture was 200°C.

The aversge concentration of PCBs in milk fat
was 10.3 ug/g when the silage feeding stopped.
Thus concentration declined to 10.3 ug/g within
three weeks We continued to sample the indi-
vidusl cows at three-week intervals for spproxi-

Teble 1. PCB concentrations in milk fat from farme

with contamivated sllos*
Farm /10 1277 1721 3/24  5/11
(w&/K)

1 98 8.8 87 N8 790
2 7.5 57 &7 8é x5
3 NAY 126 74 S$0 Rl
4 NB&. 20 14 14 80
5 35 L7 61 103 105
8 NS 10 a2 52 e23

*Bilnge was not bewng fed when jtaliciced samples
were obisined.
* Not Sampled
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Tuble £. Average ratsa of decline of DDE and PCH
concentration in milk fat of cowse in various stagey

of lactation.*
Group Cows DDE PCh
(No} {day™t)  (day=yy
Mid Jactation 16 0 0145 0 0147
Earty lactation 9 0007 0mm
Late lactation ] 0 0147 0 0140
Al 31 00134 Q013

= The valyes are for the constant, k, iz the linear form of
the firet-order squation InC = inCe—kt where C 11 the
wilk iat concentration, G, is the mitial concentration, and
{ w tume 1n days. Prtiad by least squares

mately four months. After three weeks the dechine
in concentration was linear, when plotted on
semilog graph paper, sugpesting first order kinetics.

First-order rate constanis were calculated for
both DDE and PCBs for the individual cows. A
summary e pressated in Table 2. The overall
average of the rate constanta for PCB was 1denti-
ca] to that for DDE. The average DDE rat
constant was similar to the rate that we have
previously reported (5). There was & tendency for
cows in early Isctation to have lower rate constants
thao the other groups of cows.

r - A a RARLY . WTE

sl

CB iday

L- XK1Y ]
&= 0057
‘” e e — —
1. (%) a2

DOR (day}

Fioune 2. Relationshup of the rates of dectipe of DDE and
PCR concentration w mutk fat of wdindual cow Mg,
oarly, and late are siages of laciation (4)
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Tabie 3. ENeot of phenobarbital and phenobarbital
with artivated carbon on the concentration of DDE
and PCB in milk fat.c

Concentration  Final
Trestment Cowa ———————— Jnitsl 8D
Imtial Final
(Vo)  (u&/w} (ug/g)

DDE
Control 5 118 52 D45 005
Phenos
barintal 10 85 43 045 £01i5
Pheno-
barbitai+
Carlian [ 80 a7 04 =020
PCR
Contra) 5 193 74 038 =008
Pheno-
barinta) 10 17 7 70 04 011
Pheno-
barhital4
Carbon L] 2213 856 0.37 014

* Qtimervation period was 8 weeks. Phenobarbital was
fed at 5 grama per dav for the first three waeks and so-
tivsted carbon at one kilogram per day for the 6 weeks

A A A 't S 3
2N N 4 u =
DAYS

b
0 10

Fiotne 3 Cuncentration of PCB m milk fat of cows fed
2000 mg/day Arocior 1254 for 60 days Each pont s an
average of nioe cows

April 1972
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—
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Figvre 4 Concentration of PCB in mulk {at after feeding
Aroclor 1254 stopped Each pomt 18 an average of
nine cows

Reiationship of the rate constauts for DDE
and PCBa within individual cows m presented 1n
Fig. 2. The correlation (r = 0.82) between the
rate constants of the twn rompounds was ay-
nificant (P <0.01}. The usual linear regression was
calculsted, and the intercept did pot differ mg-
nificantly from sero (6). Therefore, the regression
in Fig. 2 was recalculated, foremng the intercept
through sero. The regression coefficient, 0.974, was
essentially unity,

In some cases there was considerable variation
between the rate constants for DDE and for

Table 4. Concentration of PCB in milk fat and body
fat of cows fod 300 mg/day PCB for 60 days.

Tune Mk fet Body fat
(days) (/8) (xg/E)
30 45 88 4+ 21 9485
60 68 T8 4 “ 0212 2
90 24 043 0 40 318 4
120 19 4£2 4 28 Baf 2
* Standard deviation

§7
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Table 5. Normalized conceairation of chlorinated bydrocarbon compounds tn mitk a1 and body 7et
cows after conlinuous ferding *

of

|

Compound Reference Observations Mk fat Motk fur Hody 1)
(No) 20 days 60 dava 1 w5
(ug/8) {ug /R [y
drpclor 1354 g 020 033 0 20
LDE {57 021 0 29 a2
{7, &} 1z 027 —_ —
Lheidrin (7. 8) 12 019 — —
a1s)s] {8) 0 063 0077 b
p.p-DDT" {8) 3 0 038 0 040 0 uds
(1, 8) 12 0 036 - _
%) 4 0 106 — —_
a,p-DDT M 4 0023 — —_

* Valuer ars normalised to an intake of | tng/day
* Yatues are sum of DDD and DDT

PCBs within & given cow The rate constants for
the two compounds within 8 given cow were
tested statistically (8), but the differences were
not significant

The usefulness of phenobarbital alone, or in
combination with activated carbon, m acceler-
ating the reduction in milk concentration of DDE
end PCBs was tested using three groups of cows.
Nesther phenobarbitul nor phenobarbital in comb:-
nation with achivated carbon had an effect on the
relative reduction in concentration of either com-
pound (Table 3) We have previously reported a
small effect of phencbarbital on DDE, but we
id not conmder 1t of practical sigmficance (7)
The absence of an effect here 1s consistent with
that interpretation. The failure of activated car-
bon, even in combination with phenobarbital, to
affect the reduction of DDE and PCB concen-
trations 1s consistent with our previous interpre-
tation of laboratory experiments (8}.

Arocier 1254 Feating Study

We have carried out a controlied feeding study
uaing nine Holstewn cows The cows were fed 200
mg per day Arocior 1234 for 60 days MDlk samples
were obtained pertodicelly dunng the 60-day
feeding period and the subsequent 60-day persod
Body fat samples were obtamned by biopsy at
30-day intervals

The cows were selected to have a range in both
the stage of lartation and levef of mulk production

58

However, preliminary examination of the resuits
mndicates that therr was lhittle differcnce n the
residue Jevels due to these factors Therefore, only
average data for all cows are presented

The average ievel of PCBs 1n the mulk fat
during the feeding period 1s presented in Fig 3}
The standard deviation of any giien point did
not exceed 2105 of the mean The concrntration
of PCBs mcreased rapidly and approached a
“gteady state’’ ai about 40 to 60 days As evperted
from our field studies, the shape of the (e s
sumlar to that for other chlorinated hydiocarbon
pesticides, particularly DDE (3}

The decline in PCB concentration in the milk
for the 60 days after feeding stopped 13 piesented
m Fig. 4 This curve is quite typreal of presious
findmgs with DDE and was resolved into & tuo-
component first-order system (3) The equation
for the curve normahized to au mitsal concen-
tration of 1.0 ug/g 18

Ca(.52e™ ™40 4Be 0 M

Where C is concentration, ¢ 18 the base of the
natural loganthms, and 115 days

The constants are similar to our previous oliaer-
vations for DDE (3) Whic the rate far the
second component in tlus study was less thin
the values found 1n the field, 1t was witlun the
range of values that one might expect

The level of PCB in body fat at various tinwes
is presented in Table 4 [oi reference purpo~es
mulk fat levels at these times are aiso presented

Environmental Health Perspectives
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While the PCBs were being fed, the level in milk
fat was higher than that in body fat. When
feeding stopped, milk fat levels dropped below
and appear to reflect body fat levels.

We have conducted & number of studies with
chlorinated hydrocarbon pesticides under con-
dwons ssmilar to those of this PCBs study A
summary of levels 1n milk fat at 20 and 60 days
and body fat at 60 days with normalized wtakes
18 presented 1n Table 5. The levels of PCBs are
mmilar 1o levels of DDE and deeldrin n corre-
sponding samples In contrast DDD, p,p'-DDT,
and o,p’-DDT are transferred to the body fat
and mylk fat at much lower ratea than DDE and
PCls

Conclusions

Farms having siloe that have been treated with
PCB-containing paimnts will {requently have resi-
dues of PCBs in milk which exceed the FDA
guidelines, The behavior of this residue n the
cows 18 similar t0 DDE and other chlonnated
hydrocarbon pesticides resigtant to metabolic
degradation The only practical countermeasures
sppear to be to decontaminate the silos sufficiently
to remove most of the PCBs or to discontinue the
use of these silos completely. Limited field expen-
ence and the similarity of PCBs to DDE suggest

April 1972

=~ TE NS ' LTSl o B

that there are no practical procedures to minimuze
the transfer of PCBs from the diet to the milk or
to speed up the elinunation of PCBs from cows
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Polychlorinated Biphenyls in Non-carbon

Copy Paper

by Masanori Kuratsune and Yoshito Masuda*

In an effort to clarify the distribution of poly-
chiormated biphenyis (PCBs) in our environment,
it nus suggested by Dr T Hirayama, Nationai
Caneer Center, [Japan] that PCBs or their re-
lated compounds might be used for production of
non-carbon copy paper Three of 4 Japanese
brands of the paper on the market were, there-
fore, tullected and examined for PCBs The paper
consists of three different sheets, namely upper,
mdle, and lower ones These sheets of paper
were separately extracted with acetone in a
Sozhlet apparatus for 3 days The extracts were
cxamuned by gas chromatography with an elec-
tron capture detector, using 3 different liquid
phasey, namely 5% SE-30, 5% QF-1, snd 2.5%,
DEGS coated on Chromosorb W AW DMCS.
The gas chromatographic patterns observed were
all wdentical with that of Kanechlor-300 {a com-
mereial brand of PCBs) containing 43% of chlo-
rine {11g 1) The mfrared absorption spectra and
mass-spectra of the exiracts slso demonstrated
the presence of IKanechlor-300. The approximate
concentration of PCBs was 209, in the upper
and muddle sheeis and 0029, in the lower sheets
as shown in Table 1.

'I'o estimate how much PCBs stick to fingers by
handhng the copy papers, » set of 96 precut
sheets of the same size paper, consisting of 32
sheets of each of the upper, nuddle, and lower
unes, way counted by turming over all the sheets
one by one by fingers After counting, the fingers
were washed with n-hexane once and the resulting

* Department of Public Heslth, Faculty of Medicine,
hyushy Univermity and Department of Analytical Chem-
mtry Darnchu College of Pharmaceutical Sciences, Fukuoka,
Japan

April 1972

n-hexane washings were exam:ned for PCBs The
amount of PCBs in the washings, calculated as
Kanechlor-300, ranged fromn 11.40 o 52.08 ug
5 subjects {Table 2). It was proved thus that
PCBs in the paper easily stick to fingers when
handled It was also demonstrated that only one
third of the PCBs stuck to fingers can be removed
by ordinary hand washing with soap and nater
{Table 2)

In addition to the above domestic brands of
{Japanese] paper, & few other samples of non-
carbon copy paper were analyzed for PCBs One
of them was a brand made by one of the leading
paper makers in Britain and was obtamed as
pecked :n 1ts omginal contamner in May, 1971
Analysis showed that both upper and muddie

Tabie 1. Amounts of PCB in carbonless copying

paper.
Weight of Amount Amount
Brand Kind of paper of acetone  of PCB
paper  {(g/100 cm®) extract® found*
{mg/g) (mg/g}

Upper 0 47 tiv o 64 7

A Middie 0 56 125 B 63 8
Lower 0 51 23 4 024

Upper 0 48 40 8 307

B Mddle 0 55 37 8 26 0
Lower 05 79 8 0 28

Upper 0 40 59 6 k) I

C Middle 0 53 61 0 22 2
Lower 0 50 28 2 020

* Weight of extract per weighi of paper
* Weight of PCB calculated as Kanechior-300 per weight
of paper
61
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shents of this make contamed PCBs The second
msmple, which was of Amencan makc wnd ob-
taned as packed in ita onginal contaner in June,
1971, also contained a conmdersble amount of
PCBs Another sainple of paper, which was sent

Table 3. Amounta of PCH found from fingers of1er
caunting % sheeta of paper.

————

Amount of 'C 1+

Pe

Fiaoxe 1| Caschromatogranw of kasachlor-300 {opper}
and tie acetome extraci of ropying paper (lower)

Column Gises column (3minX2m) contaming 5%¢
BE-30 on chromsonoth W AW DMCS.

Column tesmpetature: 106°C

SBubject Washed with W oavhed wuh
n-lexane after
n-henane hand wastung
{m} with sy
= 1
i N7 15 30
2 12 60 10 47
3 40 I 50
4 52 GR 4513
5 44 &R 23 43
Average 3022 20 60
Standard
deviation 18 80

15 1t

* Culeulnted as Kanechlor-300

to us for examunation by a company in Tlissland.
however, did not contain PCBs We were told
that it 12 also of American make. A sampie of
aon-carbon copy paper which was used hy the
U.S Printing Office in 1967 was obtancd from
the American Consulate in Fukuoka and analyzed
for PCBs. It aso contauned & large amount of
PCBs.

Needlems to sy, the free use of PCBs for this
kind of very popuiar copy paper necessarily leads
to the uacontrollably heavy, direct exposurc of
the general population to1t In view of its chemical
and pathological characteristics, we consder that
the use of PCBs for copy paper shonld be discon-
tinued in any country n order to prevent ancther
oecurrence of ‘“‘Yusho” The Japancse makers of

the paper are smud to have scted quickly slong
this line 10 Aprnl, 1971 To our regret, however,
therc have been no control measures set up by

the government agmnst the use of PCBs and a

consderabie amount of the PCl-poliuted papers
are still widely used m Japan

Environmental Health Perapectives
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Environmental Health Perspection

PCB and the Paper Industry—

A Progress Report

by Paul E. Trout*

The paper industry’s experiences with PCBs
were chronologically reviewed at a recent "PCB
Workshop' sponsored by the Grocery Manu-
facturers of America, Inc (1). This history goes
back somewhat over s yeal, at which time two
paperboard manufacturers were apprised of the
presence of PCBe 1n folding cartons for packaging
dned fruit

These two manufacturers immediately began
pearching for the source of the PCB contamu-
nation, screening all converting materials used in
making cartons from the paperboard, These ma-
terialg, including printing inks, varnishes and ad-
hesives, proved not to be the source of the con-
tamination. Examination of the fibrous materials
used in the paperboard showed the source of PCB
contamunation to be some of the paperstocks used
in manufacturing the paperboard. Certain high
quahity white and colored paperstock grades, such
as Jedger papers, were found to contain carbonless
carbon papers which were the source of the PCBs

I’CBs at that time were used as one component
of the dye carrer in the carbonless carbon paper
system

The American DPaper Institute, the industry
association, alerted the paper industry to this
source of PCB contamination. Combination paper-
oard manufacturers, those who use recycled
fibers 1n paperboard manufacture, immedately
adopted operating procedures to eliminate the use
of carbonless carbon papers and thus to minimize
the PCBs in the paperboard.

Tlus action unquestionably was essentjal Yet,
i one respect, it does run counter to the national
interest and the goals of the solid waste program

* Ihrector, Environmentai Control, Container Corpors-
tion of Americn, Onks, Pennsyivania 19458

April 1972

of the Environmental Protection Agency. The
combination paperboard industry now uses 709
of all paper that is recycled in the United States.
Additionally, the paper industry is being smplored
by government agencies to recycle more waste-
paper in order to help combat our mounting sohd
waste problem

Continuing research by the industry also showed
that virgin fiber grades of paper and paperboard
sometimes contained measurable amounts of
PCBs, even though no carbonless carbon papers
were used in therr manufacture Since PCBs have
been established to be widespread in both our air
and water envircnment (2, 3, 4, 3), the presence of
PCBs in virgin fiber products is felt to be &
reflection of these background environmental
levels,

The Monsanto Company, sole domestic manu-
facturer of PCBs, withdrew PCBs from sale for
other than closed system applications as of Sep-
tember 1, 1870. The manufacturers of carbonless
carbon papers discontinued the use of PCBs in
their product orn June 1, 1971. These actions,
together with the paper industry’s elimunation of
carbonleas carbon papers from paperboards used
for food packaging, have resulted in marked re-
ductions i1n the levels of PCBs in combination
paperboard. They are also expected to show de-
creaging environmenta) or background PCB levels
in the future.

Under the sponsorship of The Amerjcan Paper
Insutute (A.P.I ), research 18 currently in progress
at Hazleton Laboratories, Inc to study the mecha-
nism by which PCBs migrate from paperboard to
various fond products and, also. to survey the
levels of PCBs in United States pulps, papers and
peperboards

The former study is only well begun 80 I am
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Figore | Cumulstive-dstnbution of PCB in 878 sam-
ples of paper and psperboard

unable to present any meaningful data on mi.
gration to you at this time, The survey study 1s
progressing smoothly, however, with approxi-
mately 676 samples having been analyzed to
drte The results of these analyses are shown as a
cumulative-distribution in Fig 1. They have not
yet been clgasified according to paper or paper-
board type, so represent & broad spectrum of
virgin and reclaimed paper and paperboard ma-
terials. This cumuiative distribution shows 949,
of all the samples to have PCB contents less than
10 ppm; 8697 less than 5 ppm; and 46% less than
0.5 ppm (not detectable).

A second eurvey study is being sponsored by
the Boxboard Research and Development Associ-

1

!

7

Fioune 2 Effect of furnish control on PCB content of

combination paperboard.
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Table 1. Estirnated PCB content of typical

fonds. Packaged
Celeviated ppm
PCRB in fooi
Product Product  Carton  product for 3y )
weight product transfer trom
or ratto  csrtons CORtAININg
e ———————
5 ppm 10 ppm
Ruce 42 0 048 008 D16
28 0 045 o 07 Y 14
4 0 053 oMW 017
Unecookead
cereal rd 007 0l 027
11l 0 000 016 Uiz
Candy gum
drope L] 0 08 013 02
Spaghetts 48 0 056 o8 g
i6 0 06 (O] [IRy-1}
[ 0 136 022 045
Rawmng 15 0 052 U U I b
15 013 22 0u

ation at The Institute of Paper Chemstry This
gtudy is concerned only with recycled fiber paper-
boards. Preliminary data from this gtudy indicate
a mean PCB value of 3.4 ppm and an sverage
PCB value of 6.4 ppm

That the prompt action of the paper mdustry
has indeed been effective n reducing PCB levels
mn food packaging materials can be seen from
Fig. 2. Figure 2 depicta the change in PCB content
with time for several grades of recycled fiber
paperboard, where sufficient dats were available
to permit reconstruction of such & history Simular
histories could be developed for other food-packag.
ing grades. This however wouid not add materially
to our understapding of the problem more than s
already seen from Fig, 2

Although we do not yet have the results of the
A.P.1. migration study, prelimunary tesearch by
one A.P I. member indicates that PCB rugration
from paperboard to high fat-content products does
not exceed 337, of the total PCB n the paper-
board, even 1n the absence of sny protectine
barrier between the paperboard and the product
Based on the 339, mugration factor and PCB
levels of 5 to 10 ppm a8 being common 1n paper
and paperboard, we can estimate axpected ievels
of PCBs in producta packaged directly therem

Environmental Health Perspectives
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Such calculations are shown in Table 1 for typical
foods now packaged in paperboard cartone. Since,
in most nstances, the ratio of carton weight to
product weight 18 normally of the order of ! to 20,
PCH levels tn food products on the market today
wonld be expected to be generaily well below one-
half ppm

Tlus expectation is in reasonable agreement with
the prehminary results of the Food and Drug
Adnumstration food survey presented by Dr V
0 Wodicka at the previously mentioned workshop
(1) With one exception (0.6 ppm), the mean
vahiea of PCBa in fifteen food commodities ranged
{rom 0.005 ppm to 0.4 ppm.

These prelimunary data indicate that PCB levels
in currently manufactured paper and paperboard

April 1972

food packaging materials are not such as to repre-
sent a hazard to public health. These present
levels are expected to decrease further as correc-
tive actions, that have been taken hy the yn-
dustries involved, become fully eflective
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Levels of Polychlorinated Biphenyls

in Foods in Sweden
by Fredrik Berglund, M. D.*

PCBs have been used in industry 1in Sweden
ginee 1929, mitially only in electric transformers
and capacitors, later aiso in paints, lacquers etc
The rmportation of PCBs to Sweden in 1870 was
clese to 30U tons Approximately half of this
amount was exported to other countries in electric
capaeiiors The use of PCBs in dyes was 65 tons
i 1968 but was voluntarly dimimished by in-
dustry to 35 tons n 197¢ The Swedish Riksdag
{pathument) has enacted the 1971 PCB Act,
snihunizing the government to prescribe condi-
tions regarding importation, production, offering
for snle and handhing of PCBs, but detailed regu-
lations have unfortunately not yet been published,

The Ingh degree of permstence and lipid solu-
inltv of the PCBs have led to therr accumulation
i some foods of ammal ongin In Sweden they
now neertr in the natural environment roughly in
the same amounts as the chlorinated pesticides (1)
Tl special hydrographical conditions of the Baltic
far or the accumulation of PCBs in certain species
and areas. The water exchange with the North
$ca 18 very hhmited because of the thresholds (8 m
and {8 m) and the narrowness of the Danmsh
Sounds. The wide archipelagos at somec places
also make posauble 1n some localities high concen-
tratrona of pollution, e.g., outade of Stockholm

Table 1 briefly summarises some of the earlier
data, illustrating these points. The difference 1n
levels of total DDT equivalents and PCBs be-
tween the Swedish west coast and the Baltic 18
more than 5-fold in fish vl and almost 10-fold

* Professor and hend, Food Research Depariment
Aatiohai kool Admmsteation, 104 91 Stockholm 80,
Sweden, as of January, 1972, former head, Department of
Fuexl Jhygiene, same address
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herring The levels in fat are relatively high in
all species shown The role of the {food chan 18
shown by the high levels in sea] and by the ex-
tremely high leveis in the white-tailed cagles from
the Stockholm archipelages Their muselc fat con-
tained about 2.5% of total DDT metabolites and
1 4%, of PCBs. The Stochholm archipeiago 1s evi-
dently heavily contamnated {cf helow) The very
high levels of DDT and of ’CBs in muscle fat
compared with the levels in cggs are most probably
due to sampling from unrclated individualy The
muscie samples were from sick birds, whereas the
eggs derived fromi apparently healthy birds

There are only few data from seal The levels
of ZDDT and of PCBs per kg fal show fair agree-
ment between sea! pup and seal milk (from the
stomach of one of the pups)

The samples were analyzed by gas chromatog-
graphy and electron eapture detection, combined
with treatments with sulphuric acid and potassium
hydroxide. The principle ’'CB romponents were
found to have 7-14 chlorine atorms, with an m-
crease of those with hgher chlorme content as
the PCBa passed along the food chain

Analyses of PCBs were jater taken up by
Westoo & Norén (2) After eatraction and routine
clean-up, the extracts werc separated by thin-layer
chromatography into two groups, one of which
contamned ’CBs and p,p’-DDE, o,p’-DDT, 0,p'-
DDE The PCBs were determined by gas chroma-
tography of this group, before and after oxidation
of the organochlorine pesticiles Some of the
PCBs were analyzed by gas chromatography
without decomposttion of the organochlorine com-
pounds LRecovenes averaged $6-1019% for PCBs
added to purified fish extracts before application
to thin-layer plate (2}.
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Table L. Aversge levels of organochlorine compaunds in some Swedish marine urganiams 1963 1968

Mudified from (1),

Speciea

Locality

Fat content

IDDT

mg/kg

PCH

mg Ly
mg/kg fat mg/kg {ad
Herring W const 18 vy
Baluc (18} 4 45, i7 68 [TERN r
Fush oil W coast 1007, 2 3
Balte 1007, 1€ 35
White taled eagle
muncie Srockhotm (4) 1.5% 25 000 330 14 00U 1%
¢Egs Stockholr (5} 5 6%, 1 000 540
Beul Gulf of Buthnus {2) 549, 120 63 14 (MY
Seal pup Gulf of Funland {2) 80% 42 25 I iy
Seal milk Gulf of Finland (1) 3% 36 il 45 i1

Table 2. Levels of DDT, DDE, DDD and PCBs in some Gab in Sweden 1967-1969. Modifed from (2}

Fush (n} Range poDT DDE pbD PCH

mg/kg n n n n

<47, (at [reahwater (87} 001 80 84 87 Rar
0110 ¥ 3 |

< 4% fat asitwater (85) 0-0.1 57 59 63 o
01-1.0 3 8 7

> 4% lat sallwater (34) 001 9 14 23 13
01-190 24 20 11 19

1 0-3 ¢ H d

Table 3. Levels of organochlorine compounds in fish in Sweden 1967-1970. Modified from (3).

Bpecins Localrnty Fat content *DDT PClix
(No of samples} mg/kg mg hg
Herring, Clupes harengus Balue (72} 3-20%, I 174 DB 0 4B tny
8 Baltic, deep-frozen (18) 3-0%, 1 40% 079 QT 7
Eal, Angualia angurlla Bailuc (43) %% 0 50+ 038 0 28+ uin
W. coast {11} 0 28 050 Q4+ 134
Cod, Geduws morrhua Baltic (30) <26, 003 0.02
{00 2) 0-q 1)
Cod liver Baitic (7) 40705, 10-22 2-5
W coast {3) 2-5 24
Salmon, Saime salar W coast (5) 10-15%, o8 Trace
[ 04~ OT)
Lakes {3} H-157, 28+ T2 058+ 177
Pike, Ksox luctus Lakes (37} <200 o os <0 |
-0 3 100 6
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The preliminary survey of organochiorine com-
pounds and PPCBa in less than 200 sampies of
fish 1a summanzed in Table 2 Levels of DDT,
DDEs or PCBe above 0.1 mg/kg were only rarely

- seen in Jean fish, i.e. in fish with iess than 4% fat

April 1972

n

18 18 1822 22
20

"
12
"

Fiavae 1| Aversge levels of organochionne compounds jn Baltic herning from different water aress Modified from (3)

in their flesh, but occurred mw more than half of
the samples with more than 47, fat

Westolh & Norén (3) iater published analysea
on about 1,000 samples of fish from lakes, rivers,
the Baltic Sea and the Atlantic Ocean {Table 3)
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Table ¢, Levels of DDT, DDE and PCRBs in some foods
in Sweden 1967-1969, ModiGed from {4},

Food {n) Range DDT DDE PCBs

mg/kg n n n

Margarine {1¥%) 001 1% 1is i15

Vegetable wls  (197) 00§ 196 197 197
0 1-1 0 1

Beef{ (34} o0 1 34 34 34

Laml fai (10} o0 3 1 10 10

Pork (107} =01 10 104 163
01-10 ] 3 H

Chncken {93} 001 93 o3 83

Hen {507 -0t 50 49 50
0103 1

Egg whiter (28y 00 1 28 28 28

Egg volk* (185) o0t 179 176 183
01-10 8 8 2
1060 1 1

* Six 10 each sample

The levels of 2DDT and of PCBs depended on
the {at content of the fish and on geographical
location.

Regular salmon, Saime salar, with 10-15% {at,
had en average DDT level of 0.08 mg/kg on the
weet coaat and 2 6 mg/kg in Iakes, and of PCBs
only traces on the west comst but 0.6 mg/kg in
the iakes. Herring and eel, both with fairly high
fat contents, had high levels. The highest PCB
levels in fish were found in 2 small samples of
herring froin the Stockholm archipelago, 2.8 and
2.5 mg/kg, and in 4 yellow eels close to Gothen-
burg, 1.5 mg/kg Five chars, Salmo salveltnus, in
Lake Vittern had an average fat content of 7%
and PCB level of 1.3 mg/kg (not included in
Table 3).

Cod and pike, both with lees than 29, fat,
ususlly had very low DDT and PCB levels Cod
liver, on the other hand, with 40-70%, {at, had
high levels of DDT and PCBa. Because of its
high levels of DDT, cod liver from the Baltic
was deciared unfit for human consurnption by
the Swedish health authorities this year (1971)

Some of the geographical variation of PCB and
DDT levels in herning is shown in Fig. 1. PCB
levels mre highest cuimde of Stockholm, whereas
DDT is higher off Gotland (16) and Biekinge
(18~20). Other PCB-contamunated fish mentioned

70

sbove were the ecls caught off Gothenburg 734
and the chars in Lake Vattern (37)

In other foods the levels of DDT, DDE and
PCBs were much lower than in fish (4}, a3 shouan
in Table 4 With few exceptions, all the samples
of the foods histed contamed less than 0§ mg kg
of esch compound. Egg yolk showed some high
levels, but PCB levels i1 whole eggs would stil]
not be expected to exceed 01 mg/kg

Table 5 shows the results of snalvses on con'a
milk, butter, and human mitk Analyses on cow's
wmilk showed DDT less than 01, DDE less than
0.3 and PCBs less than 05 mg/kg on & fat baus
Analyses on a much larger number of samples of
butter revealed levels of DDT below 0 13, of DDE
below 0.1 and of PCB below 0.1 mg, kg, also on
& Int bams The difference between cow's mulk
and butter in terma of DDE and PCBs s probably
only s matter of sensitivity of the method—there
is no reason to suspect losses of DDE and PCBs
in the churning process

In the anslyss of hurnan milk there was no need
to look for “human butter”, since the ievels of
DDT, DDE and PCBas were much higher than
cow’s milk. The DDT levels in whole milk show
fair agreement with those in the U8 {5) and
England (6). The PCB levels average 05 mg/kg
fat or 16 ug/kg whole milk. This average would
probably anly represent the Stockholm ares. since
all the sampies originated from a “human milk
donor center” in Stockholm

Recently Westdd et al (7) also discasered
PCBs i some samples of cereal products The
origin was found to be the packaging meterial
On thin-layer chromatography and on gas chroma-
tography, the PCBs behaved as PCBa of type
Clophen A 80. In several samples of one kind of
imported children's food, the PCB leveis exceeded
1 mg/kg In ove eample of this product, which
had been stored at room temperature for two
years, the level of PCB had mncressed to 11
mg/kg. The sale of this children’s food m Sweden
was stopped in July, 1971.

The main intake of PCBs via the food 1n
8weden thus occurs by eating fish The average
consumption of fish in Sweden 1961-1969 was
17 kg/person/year—and of crustaceans and moi-
luscs, about 1 kg/year In terms of fish flesh
Westin {8) celculated an intake for 1985 of 35 g
per person mad doy. Of this, about 2 g represent

Environmental Health Perspectives
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Table 5. Lavals of DDT, DDE and PCBa in butter, cow’s milk and human milk in Sweden 1967-19069.

(34) Calculated from (4}.

and Food (n) Fat DDT DDE DDT+DDE PCBs
LT
Ples Cow's mikk (11} ~3% <01 <0 3 <05

,f’kg mg/kg fat mg/kg fat mg/kg {at

gh Buttrr { }54) >81 <013 <01 <0
stal] mg/kg fat mg/kg (ot mg/kg fat

Humen milk (22) 325 1 240 07 208+0 13 3 32+0 18 1 5020 N30

\ +0 1% mg/kg fat mg/kg (at mg/kg fat mg/kg fat
s 403 0 a7£6 0 1068 8 1842 5
) e/ kg milk wg/ kg mitk wi/kg milk ng/kg mik

an

L]
B of
DE freshwater fish, 1 g caviar, and 1 g shelifish and REFERENCES

un molluscs together The average mtake of PCBs . Jensen, 8. et 2l 1989 DDT and PCB in marne animals
halk therefore probably does not exceed 1 ug per c!ny {rom Swedish waters Nature 224 247

ly but may well exceed 10 ug/day in peopie eating Westvd, G. and Norén, K 1970 Determmation of
ore herring from the Baltic 3 times a week. organochiorine pasticides and polvehlorinated bnphenyls
' Ba A suckling baby ingests about 015 litre of in anuma) foods, Acta Chem Scand 24 1630

TR 4 B

LI B =

mother’s milk per kg body weight daly in the
2nd and 3rd months of life, with an average PCB
level of 15 ug/kg milk. This corresponds to 2.4
ug/%g body weight per day. Thus we have & situ-
aton simujar to that with DDT with the suckling
baby getting the highest exposure Alsp, it 1s
known from Japan that PCBs pass the placental
barrer (8).

Conclustons. Proper food processing should not
produce PCB leveis higher than 0.1 mg/kg food,
except in fish with more than 2%, fat in edible
porions, Human milk has low levels of PCBs,
but due to the hugh intake of milk, the suckling
baby will experience the heaviest exposure.

To avoid further food contamination in the
future, the use of PCBs should only be aliowed
in closed aystems and under moat careful super-
vison. Lesa dangerous substitutes should be looked
for in industry.

April 1972

Weetod, G and Norén, K 1970 Levels of orgonn-
chlonne pesticides and polychiorinated Liphensis in
fish caught in Swedish water areas or kept for snle tn
Sweden Vir Foda 22 93

. West6, G., Norén, K. and Andersson, M 1970 Leveis

of organochlonne pesticides and polychlormated hi-
phenyis in marganne, vegetable oils, and some food
products of ammal origtn on the Swedish market in
1967-1969 VirFoda 22'9

. Quinby, G. E.. Armetrong. ] F and Durtham, W F

1985 DDT wn human melk Nature 207 726

Egan, H_ et &l. 1965 Organochlorine pesticides residues
tn human fat and human milk Br Med J 2. 066
Westdd, G, Norén, K and Andersson, M 197! Levels
of organochlorine pesticsdes and pojychiornated bLi-
phenyln in some cerea] products, Vir Foda 23 341

, Weatin, 8, 1. 1969, Reviewed n F Berglund et al

1971. Methyl mercury in fish. A tomicologic-eprdemio.
Jogic evaluation of risks. Report from an expert group
Nord. Hyg. Tidekr., Suppl 4 252

Tsukamoto, H et al. 1969, The chemical studies on
detaction of toxie compounds 1n the nice bran oils used
by the patients of Yusho Fukuoka Acta Med 60 497
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Environmental Health Peripecries

occurrence of Polychlorinated Biphenyls in

Humans*
by Harold A. Price and Robert L. Welchf

In 1967 the Human Monitoring Survey (1}
wat established by the Pesticides Program of the
US Dcpartment of Health, Education and
Welfare (now, Division of Pesticide Commumty
Stadies, E.F A.) to determune on a national acale
the levels and trends of certain more commonly-
usedt posticide chemicais in the genera) population.
Initially, thus program was himited to the iden-
wfication and measurement of chiorinated hydro-
carbon remdues it human adipoee tissue and
blood serum. The Michigan Department of
Public Health has been one of several state health
laboratores participating in the analysis of sam-
ples, collected by the State Services Branch of the
Daivision of DPesticide Community Studies, from
hospitals located in approximately 30 states. For
the purpose of obtaining poolable data, the state
laboratories use methodologies recommended by
the I'errine Primate Laboratory, E.P.A. (Flonda),
which is responsible for methodology develop-
ment, the operation of the quality control pro-
giam, and serves aa a tepository of reference
standards

Since 1966 our laboratory has been conducting
routine analysis of human adipose samples for
organochlorine pesticide residues by gaa chro-
matography, utilising electron capture detection.
In many instances, we observed pumerous un-

* The wnvastigations reported herein wete supported
through a contract with the Division of Pesticides Com-
@munity Studies, Office of Pesticides, Environmental Pro-
lertion Agency, Chambiles, Georpa. The wews expressed
berein are those of the investigations and do not neossssrily
refiect the official viewpoint of the Eaviromental Proteo-
tion Agency.

t Michigan Department of Public Health Peslicides
Laneing, Mictugan 48814,

April 1972

identified peaks recurnng in a repeated pattern
on chromatograms, some eluting much later than
p,p'DDT  Our attention became fucused on
poiychlorinated biphenyls (PCBs), after the
Perrine Primate Laboratory alerted laboratories
involved with the human monitoring program and
community studies on pesticides of the possible
interference of pesticide remdue anaiysis by these
compounds. This wes prompted by early reporis
of research workers in Europe and the United
States finding PCB residues in animal and
environmental media (2, 3, 4). Early confirmation
of some of these compounds had been obtained
with a combined gae chromatograph-mass spec-
trometer from extracts of fish, sea birds, conifer
needles, and some sampies of human depot fat (5}

In March, 1969, one of Michigan’s state labora-
tories found 19 ppm DDT in canned coho salmon
dunng routine residue snalysis. Cur residue
anafysis on a simular aample seemed Lo corroborate
this finding. However, considerable interference
by “artifact’” peaks was evident on the chro-
matogram, causing difficuity in both qualitative
and quantitstive analymis (2, 6) of pesticide
residues To a lesser extent, mmiar peaks had
been observed with some human adipcee samples
These unknown peaks were ascertained later ss
polychlorinated Liphenyls when compared with
several Monsanto Aroclors by electron capiure
gns chromatography and microcoutometry

Prior to receipt of Monsanto Aroclors, we found
8 readily available source of & PCB wndicator,
e g., resxdue analyss report forms One of us had
known by previous expenence that carbonless
copy paper has on one mde &8 coatmg of micro-
capsules containing an Arocior asolution of a
coloriess dye (168). An extract of this paper pro-

3 73
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dyced a chromatogram which matched a con-
siderabie portion of the inierference observed
with residues in coho salmon and human adipose
tissue,

During the year foliowing the coho, salmon
incident, our |aborstory found substanfial leveis
of polychlonnated biphenyis in several samples of
human adiposc tissue collected through the
Human Monitoning Survey program Three of
these examples are given here to illustrate our
findings

Materials and Equipmant

Materials and glassware used for extraction of
samples and preparation cleanup of extracts are
described fuily elacwhere (7, B).

A Micro-Tek Model 220 gas chromstograph
(Tracor, Inc } was used. It was equipped with two
parallel-plate, tnitjum-source electron eapture
detectors, Vycor giass inserts mstalled at inlet
ports to accommodate off-column iniection, and
U-shaped Pyrex glass columns (6 {t. X 3{ in, 0.d.).
Column packings (9) supplied by the Perrine
Primate Laboratory coosist of 1.569%,0V-17/
1.957,QF-1 (Column 1) snd 49,8E-30/89,QF-1
{Column 2) on 80/100 meeh Chromosorb W HP.
Operating temperatures of columns, detectors,
and inlet were 200°C, 210°C, and 225°C, respec-
tively. Carrier gas was nitrogen at flow rates of
65 mi/min through column 1 and 80 ml/min
through column 2

Ratference standards of 1200 senes Aroclors and
organochlorne pesticides were obtaned from the
Pesticides Repoeitory, Perrine Primate Labora-
tory, E.P.A, Perrine, Florida. Aroclors, producta
of Monsanto Company, are designated by num-
bers, such ss 1280 which represents s mixture of
chlorinated biphenyls having an average chlorine
content of B0%,.

For thin-layer chromatography, giass plates
(Analtech, Inc.) precoated with alurmnum oxide
G, 250 microne thick, impregnated with 3.3%
silver nitrate ware used.

Mothad

The analytical scheme used for the preparation
of - these samples was the modified Mills procedure
{8} One to three grams of tissue were extracted
with hexane, partitioned with acetoritrile, and

4

subjected to fractionation and cleanup by Florg
column chromatography All of the PCB cqm,
pounds were eluted in the first f-action (6, ethy)
ether 10 petroleum ether), and thus voiume of
eluate (200 ml} was reduced in & Kuderna-Dansh
concentrator to 10 ml. A 5-u1 aliquot nas injected
into the gas chromatograph The extracts mer
diluted a8 required to obtain peaks within the
linear range of the detector

For ocertain selected sampies, the poiychle
rinated biphenyls werc separated from the
organochlorine pesticide residues by applicatjon
of the method of Armour and Burke (10) The
8% Floriail eluste was chromalographed on the
silicic acid-Celite column with 230 mi of petro.
leum ether, which eluted the PCBs The organo-
chlorine pesticides were recovered next after
elution with 200 ml of acetonitrile-hexane-
methylene chionde (1:19:80)

Rasuits and Discussion

In Fig 1, electron capture chromatograme of
human adipose tissue extract MN69305 (4
Florisil elunte} and a standard solution of Aroclor
1260 are presented to illustrate that some of the
“artufact’’ peaks in this tismue sample match those
in the PCB standard. On the 42%3E-30 63,QF-1

AROCLOR 1260

J\W\J\J LA

. ] a - W
-

b M69305

‘ 1 ;f\'
\ ";’ l

Figure 1 GLC-EC chromatogram of Aroclor 1260 /15
ng) and human adipose sample M69305 GLC conds-
twons’ 6" " 49 SE-30/89, QF-1 column, oven temt
200°C, snd njtrogen flow 75 mi/man

Py
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Figuar 2. GLC-EC chromatogram of Aroclor 1254 (31
nz) snd buman adipose sample MOU308. Peak 1' is
2.2 5, A-tetrachlorobiphenyl, and pesk 5 is 2,2',-

i1}

|

4.5,5'-pentachlorobiphenyl GLC conditions & X %"
4%, SE-30/¢% QF-1 column, oven temp 200°C, sad
niitogen flow 78 ml/mun.

column, p,p’DDT is completely masked by Peak
8 of Aroclor 1260; however, no interference is
encountered with the quantitation of p,p’DDE.

On the bams of s major pesk following
p.p’DDT, the leve] of PCBes in this sample was
estimated to be seven parts per million as Aroclor
1260 For estimating PCB lovels by gas chro-
metography, we use Peak 12, preferably on
LA,0V-17/1.95%QF-1 column, as a reference in
Aroclor 1260 which has the following retention
ume rejative to sldrin (R, = 1.00):

Aroclor
Column Peak p,p'DDE p,p'DDT
OvV-17/Qr-1 6.4 2.23 4.18
SE-30/QI"-1 4.83 1.82 3.12

In this sample, PCBs ranging from hexachio-

April 1972

robiphenyls to decachlorobiphenyl were confirmed
by combined gas chromatography-mass apec-
trometry (11).

Fig. 2 shows that tiasue extract M69308 con-
tawns some components which are present n
Aroclor 1254. Approximately 20 ppm PCBs as
Arocior 1234 was determined by gas chroma-
tography. Biros (11} confirmed the presence of
pentachlorobiphenyls and hexachlorobiplhienyls in
addition to p,p’DDE. The largest uniabeled peak
following Peak 5 in sample M#4308 1z p,p'DDE.
The ieve] of p,p'DDT in this sample was too low
for confirmation by mass spectrometry, and its
peak is masked by Peak 14 of Aroclor 1254 on the
SE-30/QF-1 column used in this illustration

In the spring of 1970, we found approximately
100 ppm PCBs in & sample of subcutaneous
adipose tissue (M70227) which was obtained from
a hospital in southeastern Michigan The subject
was & white male, age 77, whose demise followed a
pulmonary thrombo embolism.

An electron capture chromatogram of the 6%
Florisil column eluate of this sample 1s iliustrated
in Fig. 3 and is compared with a chromatogram of
Aroclor 1260. This extract contains iate eluting
isomers that are also components of Aroclor

!

AROCLOR 1260

-

B W ON N ¥ W W &
s

n

M70227 )

| ﬂJLJ /’if\w,p,_.

Fioone 3. GLC-EC chromstogrsm of Aroclor 1260 {21
ng) and human adipose sample M70227 {30 5 ug, 8%
Flonml fraction} GLC oconditions 8 % 3{*'% SE-30/6%
QF-1 column, oven iewnp. 200°C, and nitrogen fiow 80
mi/mun.
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Fiaone 4. GLC-EC chrumatogram showing separation of
PCB (A) and organochlorine pesticides (B) by method
of Armour and Burke GLC conditions same as Fig 3,
Weght of sample injected 30 5 ug.

1268, which makes matching to any particular
Aroclor difficult. Fig. 4 shows the separation of
PCBs from organcchlorme pesticides by the
method of Armour and Burke (10), although some
of the p,p’'DDE eluted in Fraction A in this case.
On the bams of a chromatogram of the second
eluate from the smihicic acid-Celite column resulting
from s subsequent effort, residues of 0.37 ppm
p,p'DDT and 0.81 ppm p,p’'DDE were found in
the fat of this sample. Using the combincd gas
chromsatograph-mass spectrometer, Buros (12) con-
firmed the presence of p,p’DDE i M70227 as
well as ten polychiorinated biphenyls rangng,
from hexachloro- to nonachioro-compounds. These
compounds sre found in Aroclors 1260, 1262,
and 1268,

Further examination of other tissues of the same
sutopay case revealed a good correlation of PCB
levels when compared on the basis of extractable
lipids na demonstrated in Table 1 These data are
good estimates calcuisted from the height of a
peak corresponding to Peak 12 of Aroclor 1260 on
the OV-17/QF-1 column, PCB peaks in M70227
appear t0 be & complex muxture of several Aroclors
not usually observed in human adipose tissue

76

Efforts to determine the source of PCBs i
sample M70227 have not been successiut Indica-
tions are that this individual was esvposed 1o
PCBs during his Lfetime As PCB- cnter g
hivlogical system, the less chloninated momers are
e:ther metabolized or excreted, which (hanges the
composition of origmnal Aroclors, so that chro-
matograms of these muxtures from hiological
samples do not match exactly those of ieference
standards This lLiax also been observed wih
PCBain M70227, In fact, more than 4,000 human
adipose samples exurmuned in our laborators have
produced chromatograms that do not exactly
match those of standard Arocior solulions We
have found the distnbution of PCBs n sampics.
sich as M70227, to be uniform throughout the
sample as received, indicating that these samples
have not been contaminated by PCBs during
handling Asior all sampies, M70227 was collected
from an autopsy exarmunation through the co-
operation of pathologists, according to directions
specified by the State Services Branch of the
Division of Pesticide Community Studies, EP 4

As many investigators of PCBs has e found, one
of the principal sources of polychlorinated
biphenyls n the bhiologieal system 1 the food
chain (5, 13, 14). Coho salmon, for «xample, had
been a source of PCBs in food untl it exceeded
the action Jevel of 5 ppm.

Annther possible avenue of human exposure to
polychlorinated biphenyls may be ndicated by
therr presence in some house dust (vacuum
sweepings). Our examination of house dust from
residences of occupationslly-exposed population
of southwestern Michugan revealed that seversl
samples contained up to 180 ppm PCBs, manmly
Aroclor 1254

Table 1. Levels of PCB's in Various Tisstics Related
to Sample M70227 "

PCB level ppm
Tisue Tt Lapid

ext'd Wet weight bat
bhamu Liams
5 Adiposc” 41 1 75 184
5 Adipose 63 0 (L1 133
8 Adipose 32 8 50 |3
P Adipose 44 | 50 115
Laver 0 08 2 250
Kudney 0O 06 073 125

— Environmental Health Perspectives
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Table 2. Distribution of PCB Leveis in Adipose Tissue
of the Genera] Population—Analysis by Gas

Chromuatography
Level, ppm Samples Percent of total
Segatire 4 20
Trace to <i O i 55 8
|20 72 36 7
»2 1 H 56

As mentioned previoualy, levels of poly-
chionnated biphenyls in human tissue extracts
tiustrated in Fige. 1, 2, and 3 were determined by
electron capture gas chromstography using s
major peak after p,p'DDT (Peak 12) as a refer-
ence peak for Aroclor 1260. Since April, 1971, our
laboratory has run semiquantitative analysis of
polychlorinated biphenyls in samples of human
sdipose tissue by both electron capture gns
chromatography and thin-layer chrymatography.
The Iatter based on total chlorine 12 an adaptation
of a procedure reported by Mulhern et al., (7, 15),
After gas chromatographic analysis is completed,
the remaining extract is evaporated, and pesticide
residues are dehydrochlorinated with ethanolic
potassium hydroxide and oxidised with chrome
oxide. The concentrated extract of PCBe remain-
ing 1 apotted on & thin-layer plate, and the
developed spots after exposure to ultraviolet ight
are compared with eeveral spots of standard
Aroclor 1260 at different concentrations. The limit
of detection is 250 ng of Aroclor 1260. Results in
Tables 2 and 3 indicate that both methods provide
mmilar information, but thin-layer chroms-
tography is preferrad. On the basiz of samples
received and analysed by our laboratory, these
dsta show the distribution of PCB levels in
adipose tissus of the general population.

Table 3. Distribution of PCB Levels in Adipose Tissue
of 1he GGeneral Population—Analysis by Thin-Layer

Chromatography
Leve, ppm Samples  Percent of tota)
Negauve 20 103
Trace to <J 0 87 48
10-20 70 36 1
>2 ¢ 17 88

April 1972

Summary

According to samples of human adipuse tissue
recewved by our laboratory, 41-45%, of the general
population have levels of 1.0 ppm or more (wet
weight) polychlorinated biphenyls with somers
from Aroclors 1254, 1260, 1262, and 1268 The
presence of PCBs ranging from pentachloro-
biphenyls to decachlorobiphenyl has been con-
firmed in selected samples, M60303, M69308, and
M70227, by the use of combined gas chrome-
tography-mass spectrometry.
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Environmentel Heslth Perspectives

Levels of Polychlorinated Biphenyls in
Adipose Tissue of the General Population

of the Nation

by Anne R, Yobs, M.D.*

Polychlormated biphenyls (PCBs) have been
reported 1n many different parts of the environ-
ment in this country (1-3). The purpose of this
report is to present preliminary results from a
monilonng program in which these materials are
routinely sought and quantitated.

The Human Monitoring Survey, established in
1967 by the Pesticides Program, DHEW (now
Division of Pesticide Community Studies, EPA),
determines, on a continuing basis, the exposure to
pesticides experienced by the general population
by measuring leveis of pesticide residues present
in iissues or excreted mn urine. Initially, tech-
nological himitations and resource restrictions
limited the Burvey to the identification and
mensuremnent of those chlorinsted hydrocarbon
residues which are stored in messursble amounts
in mammahan adipose tissue, or which can be
measured in blood, these residues being a reflection
of past exposure. The initisl program plan has
been and continues to he reviewed [requently
with reference to technological and/or research
developments to identifly other groups of pesticides
and other materials of interest, which can be
incorporated with light modification of the
cxisting program.

Samples sre collected through the direct co-
operation of pathologists, who are in hospital or
private practice or who are in public service as
tity or county medical examiners, Samples are

¢ Chiel, State Services Branch, Division of Pesticide
Commumty Studies, Office of Pesticides Programs, CP,
Environments! I'rotection Agency, 4770 Buford Highway,
Chamblee, Ga, 30341

April 1972

collectad from both sexes in all age and racial
groups. Adipose samples are collected [rom tissues
removed for therapeutic surgery or [rom post.
mortem examinations, the latter including people
who have died accidentally (trauma) or during
relatively brief hospitalization. No samples are
accepted from institutions for long-term care ol
the chronically ili patient

Al semplen are analysed by laboratories
established under contract with State Health
Departments or at community study projects :n
Michigan, Florida and Colorado. These labors-
tories use analytical methodologies specified by
the program on the advice of technical consultants
and are required to maintain acceptable levels of
performance, as demonstrated in both inter- and
intra-laboratory quslity control programs. Tech-
pieal consultstion for analytical sspects of the
Burvey is provided by the Chemistry Branch,
Perringe  Primate Laboratory, EPA, under the
direction of Henry F. Encs, Ph D., Chief.

In 1960, with the increased nterest in poly-
chlorinated biphenyls, it was recognized that
PCBs probably occur in several segments of the
environment and that their presence would distort
analytical values for certain pesticides, especially
selected DDT residues, The monitoring labora-
tories were therefore asked to report all samples
suspected of containing PCBs by gas-liquid
chromatography. A reporting system was de-
veloped based on rough quantitation, as follows
pegative, present 1o usual amounts, present in
greater or lesser amounts than usual Samples
collected in lste 1968 and 1969 showed that
PCBs were indeed present in & significant portion
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of the general population of the country over a
wide geographic distribution Positive sampies
were reported from 14 States, including Michigan,
New York, Minnesota, Califormia, Massachusetts,
Georgia, Kentucky, Illinois, North Carohina,
South Dakota, Ohio, Loumans, Delawere and
Arkansas. To insure that proper :dentification was
being made, two samples with higher levels were
confirmed by combined gas liquwd chroma-
tography-mass spectroscopy (4) These two cases
are discussed in another paper in this symposium
(8)

Based on these prehminary findings and certain
as yet unpublished information about the effect
of PCBs on the accuracy of measurement of
residues of DDT (Enos, H F, personal com-
munication), high prionty was given by the
Perrine Laboratory to the development and
evaluation of an anaiytical method which would
separate PCBs{rom pesticides permitting accurate
quantitation of pesticides and confirmation of
PCB levels. The resulting methodology s afurther
modification of the Mills-Olney-Gaither procedure
in which adipose tissue i3 subjected to extraction
by petroleum ether, acetonitrile partitioning, and
Flonsil cleanup A portion of the resulting 6%;
ethyl ether/petroleum ether eluate, in concentrate
form, is treated with KOH to effectuate de-
hydrochloripation of DDT and DDD to thewr
olefins, thus elimmating the problem of separating
these posticides from the PCBa, Oxidative treat-
ment ia then applied to convert any interfering
DDE to p,p'~dichlorobensophenone which has an
Ri value different from the PCBs. The PCBa are
then determined by thin iayer chromatography
().

On April 15, 1971, all monitoring laboratories
in the Human Monitoring Survey adopted this

Tahin 1. Incidence of pelychlorinsted biphenyls in
adipess of the genera] population of the nation.

Reported Anslysed

No, %% No. %
Total 67 100 O 688 1000
Negative - 314 493 235 342
Trace-<1 0 ppm 125 {:N.] 220 333
1-2 ppm 185 259 188 27 3
>2 ppm 33 52 36 52

Table 2. Descriptive statistics of samples snslyzed

Negative
und trace-
<1 0 ppm >t 0 ppm
No e No A
Tota! number 439 1000 AT [ T
Sex
Male 201 50 3 ] N
Femule 218 e 7 Tt 35 9
Race
White ast 86 8 151 0 3
Nonwhite 58 13 2 47 23 7
Samples from
Therapeutic surgery 8 216 21
Postmortem 344 78 4 164 5
Diagnostic group
Neoplasma 140-208 77 175 w7
Circulatory
system W0450 121 27 6 61 408
Gastroimtestinal
Rystem 530-565 41 10 0 16 81
Liver & gall
hladder 570-575 20 48 1 10
Pancreas 577 0 00 2 (N}
Unnsry
zystem 580-585 1 25 Il 45
Congenutal
Anoroalies 740-759 5 11 1 05
Accidents &
vivlence E numbers 16 ) 7 35
Al] other 145 330 59 20 8

438 900 108 oy

methodology for the anselysis of all adipose
samples with the lowest limit of sensitivity being
1.0 ppm. Aliquots of sll samples 1n which meas-
urable amounts of PCBs are found are saved for
future confirmation by mass spectroscopy.

Resuits amd Disgussion

Analytica! results for 637 sampies have been
reported and mre summarised in Table 1 (5]
additions] samples have been anslysed but hase
not as yet been reported). Of the 637 samples
reported, 198 (31.19,) contmned measurable
amounts of PCBs and 125 (1962%) contained
trace amounts, with the balance being negative
These samples were collected from 40 patholog:sts
in 38 cities distributed over 18 States and the
District of Columbia. The States are Arkansas,
Illinois, Lowwsisna, Oklahoma, South Dakota,

Environmental Health Perspectives
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Tennessee, Oregon, Penneylvania,  Florida,

hansss. Mame, Georgis, North Carolina, Cali-

{arms, Michigan, New York, Ohuo and Kentucky

Positive samples came from every hospital, city
and state sampled It, therefore, sppears that
:hese mnt crials are widely found in the population

Detarls of distibution by sex and race, collection
procedure:, and dingnostic groupe are summarized
o Table 2 The difference between figures for the
positive and negative groups does not appesar to
be mgmficant, although no statistical evaluation
has becn attempted because of the prelimunary
geture of this report. Since a statistical design has
been established and is being followed for sample
callection for the Human Monitoring Survey, in
due time vald statistical anaiysis will be poasible

and will then be performed.

Sammary
Polychlorinated biphenyls have been found in

measurable amounts in 31 19, of 637 samples of

human adipose tissue collected from the general

April 1972

population as a part of the Human Monntoring
Survey Sample collection mvolved 18 States and
the Dustrict of Columbia Positive samples were
obtained from every State sampled
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Environmenial Health Perspectices

Polychlorinated Biphenyl Residues in the
Plasma and Hair of Refuse Workers

by D. 1. Hammer®, J. F. Finklea, L. E. Priester, J. E. Keil,

§. H. Sandifer, K. Bridbord

Refuse workers may be exposed to polychlo-
nnated biphenyl (PCB) residues from the burning
of sulomobiles, tires, transformers and wire
msulation. Paired plasma and scalp hair specimens
were cbtmned from 37 refuse burmers and 54
controls (lumberyard and waterworks workers),

PCB residues were dehydrochlorinated and
mseved by gas chromatography with & Ni%
electron capture detector Rough PCB quantita-
tion was achieved by integrating the area under a
five peak “fingerprint” associated with the PCB
fractions, Arochlor 1254 and 1260 Unwashed hair
speciimens were all negatave for PCBa. Detectable

*Ihvison of Heslth Effects Research, EPA Nauonal
Envir lles Cir, llesearch Trangle Pacrk, N C. 27709,

April 1972

plasma PCB levels were found in 819 (32/37) of
the refuse burners but only in 119, (6/54) of the
controls, Median PCB levels for those with
detectable amounts were simylar 13 the two groups,
refuse workers—2.6 pph, controls—37 ppb
Maximum plasma PCB levels were 14.1 ppb in
the refuse workers and 20 2 1n the controls.

The higher frequency of measurable plasma
PCB levels in refuse workers may reflect their
increased PCB exposure from incinerated ma-
terials. Similar median plasmse values for both
groupe reaffirm the role of bicod as a transport
rather than & storage tissue. As expected, scalp
har is of no utility in cstimating PCB body
burdens.

MONS 208183




Envwronmental Hlealth Perspectives

Food Exposures to Polychlorinated

Biphenyls

by Albert C. Kolbye, Jr., M.D.*

The PCB family of industria] chemicais has
beett used 1n & pumber of useful and beneficial
ways for more than 40 years. PCBs have been
used 1n capacitors, as transformer fluids, as heat
transfer ngents, in plasticizers and adhesives, and
in sealunts and printing inks. Needless to say, they
nave no place in the nation’s food supply The
screntiii: community has been aware of the
potentinl hazard of the PCBs since at least 1966
Reports in the foreign hterature at that time
indicnted the detection of this chemical in fish
and birds However, the status of the analytical
detection method for organochlorine pesticide
reslucs in reference to PCBs was not perfected
until early 1969, after it was discussed in FDA's
pesticide anaiyticai workshop and the former
Division of Pesticides improved the analytical
method, so that it was satisfactory for routine
analysis.

We know that as a toxic substance PCBs are n
potential but not immediate health hazard and
that their environmental background level 1s not
ligh We do not know how long-term exposure to
PCBs might affect human health, and we cannot
yel explain the mnconmetent presence of the
chenueal in certan areas of the environment, We
have been faced recently with PCB aduiteration
of food from nccidental sources and from un-
traceable environmental sources, The exact routes
of contammation are subject to speculation Some
ticories point to the mdustrial wastes from plants
using PCB, leaching of PCB from plastic objects
in waste dispoeal (burning at waste incineration
plants or run-off from landfiils mto streams), and

* Deputy [irector, Buresu of Foods, US Food and
Drug Adminwtraton, W ashington, 12 C 20204

Aprll 1972

accidental use of PCB as solvents for which they
are not intended (vehucles for spray preparations
etc )

Some of FDA’s earliest findings of PCBs 1n
foods occurred duning the fall 1969 when PCBs
were encountered in coho salmon and nuik. In
August, 1960, Baltimore District found an
adulterant identified as PCDs in 5 of 12 milk
samples from West Virginia. During a six-month
followup investigation, it was learned that PCBs
were commonly used 38 g heat transfer agent n
electrical capacitors in the area from which the
milk samplez ware collected Further investigation
revealed that the eiectric company had allowed a
right-of-way sprayer to utilize & transformer o1l
base for defoliant spraymng Vegetation coilected
from the power line right of way was tested and
found to be positive for PCBs 1t was eventually
concluded that the apparent misuse of the trans-
former fluid containing PCBs for defolmant spray-
ing operations adjacent to dairy pasturage was
responsible for the mitk contamination.

As a resuit, m November, 1970, the FDA
undertook a specific survey of the incidence of the
PCBs in the milk supply.

The Monsanto Company informed FDA on July
16, 1971, that large amounts of fish meal may
have been contaminated with PCBs (Aroclor 1242)
dunng pasteurization of fish meal at the East
Coast Termunal, Wilmington, North Carolina.
PCBs were used as the heat exchange fiuid

The U. S, Department of Agriculture informed
FDA on July 19, 1971, that Hoily Farma, a large
North Carolina pouitry producer, had discovered
the presence of PCDs in its poultry, resulting {from
an investigation to determine the cause of reduced
hatchability i eggs. The hrm's nvestigation
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implicated the fish meal ingredient as the causa-
tive agent.

The FDA tested the processed fish meal and
confirmed that fish mea! on hand was con.
taminsted with I’CDs. Continuing investigation
indicated the leak began on Aprid 30 and continued
through July 16 Approximately 16.000 tons of
fish mecal were shipped during that period. The
contamination was caused by » leak in the heat
exchange equpment, which used PCBs in the
heat exchange fluid Individual hah meal samples
examined contained from 14 to 30 ppm PCBs,

Fish meal, the direct subject of this contamina-
tion incident, is » mtnor component of poultry
angd fish feed Investigations conducted by FDA
and USDA focused attention on the contaminated
meal a5 w possible source of PCB resdues in
poultry, eggs and commercially rawmed catfish
The Food and Drug Admunistration visted
primary and subconsgnees and mnitiated followup
sampling of fish feeds, commercial fish, and eggs,
when the contaminated fish meal was implicated
USDA was informed when investigation indicated
eggs were baing distributed to egg breakers

The firm recalled outstanding stocks of fish
mes! on July 21 and approximately 1,500 tons of
fish meal! were returned to the plant. Samphing of
poultry {or PCB residues was mstituted promptly
by USDA who advised that no lots of braler
poultry were found exceeding the 5 ppm mnterim
guidehne (or PCB remdues

Follow-up samphing on eggs was 1mitiated on

August 3, 1971 As of September 29, 197, 2
samples of eggs were anaivzed in the foflgy :,.
with 71 tontanung reswdues 1n exeoss of 05 P
(range 0.6-4 2). pon

We scized five shipments of fish feeds yn g
States of Lowmssans, Georgia, aud M 1SEISSLDDY Yhay
contamned from 06 to 45 ppin I'CR, Eleven
sainples of catfish, which had been fed the cop.
taminated feed, contained OB rewidues wilhin
the & ppm gudehine, ranging from 03-3¢ o
In addition, we seised & ulupment of the rop,
taminated fish meal from Euast Const Term
that had not been recalied and contuined in excen
of 350 ppm PCBs

Since November, 1969, the FD.A has analvaeg
all raw agricultural commodities snmpled under
the pesticide surveillance program f{or PCBs g
well as pesticide residues Over 17,000 samples
have been collected and analyzed In the past 18
months, 684 samples of fish, cheese, malk, siell
eggs and fish by-provducts, out of 3,305 samples of
these commodities, have been found positive for
the PCBs,

PCBs were encountered most frequently in fish
1n 363 of the 670 samples ranging from trace levels
to 35 20 ppm. PCBs were detected in fresh water
fish including catfish, chubs, and smelt, and also
salt water speces including porgies, sen trout,
bluefish, bomta and sardines PCHs have only
been detectabie in shellhsh at trace levels The
results of the pesticide program for ’CB. for that
18-month period are as follows

PCB in selected {ood commodities—7/1/70 10 %/30/71.

Number of Number of

sampies sampley

examined positive
Fuh 879 363
Cheese 1344 91
Milk D41 ag
Shell eggx 550 161
Fish by-product — 13
Total (exciuding fish —_— —_
by -product) 3505 684

Percent PCE levels

positive Low (pom) hagh Avernge
54 T 35 29 1 AT
& T to R
7 T 27T % 2
29 T 374 0%
- T 50 117
19 1 b4

Above results reflect both surveltance and compliance® samples
Avernge resuiue levels do not intiude values indiented as “trace " T indicntes “trace”, which i normal anniysee winld
e lemx thaa approximately O 1 ppm fish, 1-1 5 ppm milk or cheese fat, 0 2 ppm eggs

* Compliatice samples reflect iollowup of violative samples hanca biased towards lugi levels
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The FDA total diet studies for 80 market
peskets representing & total of 720 composite
mmples durmg FY 70 and FY 71 show 22 com.-
poste samples to contain PCB residues ranging
from a trace to 0.36 ppm These pomtive findings
nere found in the meat, fish, poultry, dairy, and
the grain and cereal composites. The 0.36 ppm
PCB value reported in the total diet study was
{ound to be caused by mugration of PCBs from
the grayboard container and dividers to packaged
shredded wheat

Subsequent information gathered on the oc-
currence seemed to point to the use of reclaimed,
or recycled paper in the manufacture of the card-
bosrd packaging material used for these food
psckages.

Consequently FDA initiated on September 8,
1971, & Survey of PCBs in Food and Food
Packaging Materinl, This survey was designed to
cover selected food cmtegories nationwide to
determine the extent of food contamination by
PCB-containing cardboard packaging materials.

An of November 12, 1971, we had complete
information from 12 of the 17 districta showing
resuits on s total of 584 samples.

The packaging matenal analyzed in this survey
included the following types of components:

Types of components comprising packaging material
analysed during survey

Inner wrappem
Waxed paper Cellophane
Foil Paper
FPlastse
Duviders
Paper cups (s used for cookies and
candy)
Plastic trays
Paper trays
Quter Wrappers
Fuil Plastio
Callophane Paper
Cther
Cellophane Fiber eartous
windows
Plastic bags Paper envelopes
Metu} cun ends Plastic can ends

Plastic tenr strips Tea bags
Some of the findingas from this survey as received

o of that date are shown n the {ollowing Figs.
1,2,3,4,5,6and 7

April 1972

NODS WS RNE. '

Ficure 1 Syrvey—PCB in Food and Food Packaging
Materia!l Cumulative Analyucal Findings—Sept, 8-

Nov 5, 197}

Frgomg 2 Survey—PCB in Food and Food Packaging
Materinl Cumulative Analytical Findings—Sept 8-

Nov. §, 1971,

47
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Fiotke 3 Survey—PCB in Foed and Fond Packaming
Material Cumulative Analyticel Findings—Sept 8-
Nov 5, 1071
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Figunz 4 Survey—PCB in Food and Food Packapng

Matenst Cumulative Analytieal Fudings—8ept, 8-
Nov 5, 1971,

Fiaure 5 Survey—PCB in Food and Food Packsging

Materal Cumulative Analytical Findiogs—Sept. 8-
Nov 5, 187)

L] e ¢ s
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Figure & Survey—PCB in Food and Food Packaging

Matans! Cumulauve Analytical Findinga—8ept. 8-
Nov. 5, 1971,

Fraorz 7 Survey—PCB in Food and Food Packemng

Mataral Cumulative Apalyucsl Findings—Sept 8-
Nov 5, 1971.

It is significant (1) that no PCBs have thus far
been reportad in fresh fruits and vegetables, (2)
that PCBa are found in fish quite frequentiy,
(3) that in addition to pouitry, PCBe sre also
found in milk and eggs, and (4) the PCBs have
now been found in wvarious food commodities
apparently as the result of migration from ther
packaging components. At this pomnt the sigmfi-
cance of these findings has not been determined.

With the conclusion of the PCBes tn Food and
Food Packaging Material Survey, FDA has
embarked on & program (o determine the level of
PCBe in sanimal feeds. Following the PCBa in
feed program, FDA will further evaluate PCBain
milk by collecting milk for .both bottiing and

manufacturing use on a nationwide basis Specific
atteption will be then given to PCBs in shell eggs.

FDA's current working levels for PCB remdue
findings are based on specific occurrences of
"accidental” contaminationa. They are 5 ppm in
the edible portion for fish; 5 ppm on a separate {at
basis for poultry; 0.2 ppm in whole mik (5 ppm
in the fat). Action has been taken sgainst animal
feeds and whole eggs sasotiated with the East
Coast Terminal incident at the 0.5 ppm level
These levels should not be construed as gurdelines
permitting consumption of foods contaunng these
amounts of PCBa. If the FDA finds that the
frequency of PCD contanunation in the nation's
food supply increases, the present working gusde-
lines for PCB remdues will be substantially
lowered,

Environmental Health Perspectives
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Encironmental Heglth Perspectsves

polychlorinated Biphenyls: Their Effects on

penned Pheasants”

by Robert B. Dahigren and Raymond L. Lindert and C. W. Carlson}

treduction

Poiychiorinated biphenyls (PCBs) have been
weful industrisl products since the beginning of
teir commercial production in 1928. The first
wport of PCBe oceurrence in wildlife was made
from the work of Soren Jensen, & Swedish Chemist,
n the New Sctentist in 1986 (1) Bince then
PCBs have been reported to be widespread in the
»ocld's ecosystem, buiiding up in food chains as
has been reported for organochlorine insecticides,
The chercal structure of PCBs and their action
on organisme, although less toxic, are simlar to
that of DDT. The contamination of human milk,
pouitry feed, and all classes of wild vertebrates,
has crented & concern for the need to determine
possibie harmful effects of PCBas.

* Funds for the study were supplied by the Bureau of
Sport Fisheries and Wildiife through the South Dakota
Cooperative Wilditfe Hesearch Unit, supporied jointiy by
the South Dakota Department of Game, Fish, and Parka,
the Bureau of Sport Fishenes and Wildlife, the Bouth
Dakota State Untvermity; and the Wikdhie Management
Instatute Tusus analyses were made by the Denver
Wildiife Rossarch Center and by Dr. Yvonne A Gnechus,
Expersment Statson Biochemustry Depariment. Dr Robert
I Bury, Vetermary Sciencs Department, conducted
necropwiee and histopathologic studien. Dr. W. L. Tucker,
Experiment Station Statistician, guve statstical advice
Wild pheasanta were collected by Fred E. Hartman and
John } Knt, Pepnaylvanus Game Commwsion; and
Rohert D Feldt, Indiana Department of Natural Re-
sources, This work w frum a doctoral desertation at South
Dakota Btate Univermity by the senior author.,

t Amutant Lesder and Leader, respectively, South
Dakota Cooperative Wildide Rasearch Unit, Bouth
Dukota State University, Brookings, 8 D 57008

{ Professor of Animal Science, and Leader, Poultry Re-
search and Extension. Bputh Dakota State Umvermty,
Brookings, 8.D. 57008

April 1972

Because of the sconomic jmportance of the
pheasant (Phasianus colchicus), it was chosen as
the experimenta] smmal umng PCBr 1n thia
study The objectives were {1) to determine the
patterna of absorption, storage, and excretion for
PCBs, and (2) the effects of PCBs on reproduction,
behavior, and survival. Since many published
reports 1ndicated that the chromatograms of
PCBs in wildlife most nearly resemble thoee of
Aroclor 1254, this was the PCB product chosen
for study.

The use of brand names in this paper does not
indicate an endorsement of any product.

Matarials and Mathods

Aroclor 1254 (supplied by the Monsanto Co)
was mixed (w/w) in & 1:9 dilution with cormn o]
and weighed into No. 00 aize gelatin capsules to
within =2.5 percent of the required weight
Capsules were administered into the esophague
using a glass tube. Capsules containing only corn
oil were admunistered to control birds.

Analyses for residues were made by Dr Yvonne
A. Greichus, Experiment Station Biochemustry
Department, South Dakota State University, and
the Bureau of Sport Fisheries and Wildlife
laboratory st the Denver Wildhife Research
Center Analytical procedures used at the South
Dakota State University laboratory are described
by Dahlgren et al. (2) and procedures of the
Denver Laboratory by Dahlgren et al. (3)

Hens for breeding experiments were purchased
in the winters of 1970 and 1971 (30 and 34 respec-
tively) from the South Dakota Phessant Co of
Canton, and cocks were raised from bhirds pre-
viously obtained from the Canton source All
birds used for breeding were sbout 1 year of age.

89
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In late January they were placed under 18 hours
daaly of artiiimai light to stimulate breeding Both
sexes were fed a pheasant breeder ration (Zip
Feed Mills, Sioux Falls) One tabiespoonful of
oyster shells was added to the food cup of each
hen weekly Cocks were kept in breeder cages
3036 X 18 inches high), snd hens were kept in
mdividual cages {12X18x12 inches high} de-
signed to facihtate handhing and 1dentification of
eggs. Temperatures were kept at near 85 F in
colder months. Eggs were collected daily, -
dividunlly numbered, set weekly far 15 weeksin s
forced-draft mcubator, and hatched in pedigree
cages

In 1970, cocks were first dosed wrth 25 mg
PCDs on February 13, and weekly thereafter fora
total of 17 times Hens were first dosed 1 week
iater, February 20. Breeding wes commenced
February 16 Eggs were gathered for the first
weekly egg group from March 7-13 and gathered
last 15 weeks later, June 13-19 1n 1971, the same
sequence was followed, except that the first dosing
began February 19 for cocks and February 23 for
hens, and breeding began March 1 Eggs were
gathered for 15 weekly egg groups begmning
March 6 and ending June 18,

Within 36 houra after hatching, chicks were
taken from the incubator, wimgbanded, and one
wing was removed to the alula. They were then
placed on a viausl clsff (4) and given 5 mmnutes to
jump to cither the visuslly deep or shaliow mide.
Chicks from this study and those hatched from a
concurrent dieldrin study were piaced together
in brooders and fed a turkey pre-starter diet {Zip
Feed Mills) until they were 6 weeks of age. At 6
weeks, they were placed outside mn 16 X168 foot
pens and fed a pheasant grower ration (Zip
Feed Mulls),

Several times in summer and fall, chicks were
caught by hand by the same person, and wingband
numbera were recorded The number of birds
caught in each category in the first and laet half of
all birds caught was compared with an expected
50:50 distnbution using chi-square analyms
Each pen was a closed unit, and birds of several
groups caught predominantly in the first half
caused birda of other categories to be caught in the
last hall, Werghts to the nearest gram were taken
of all adult breeders weekty Chicks were weighed
to the nearest gram at 6 weeks of age
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To study effects of PCBs in eombination wy
dicidrn, cocks and hens from 6 to 9 months o
were stratified by sex and weight and randomung
1o five groups of 22 birds each They were gien
capsules containing either (1) 4 mg techmy
grade dieldrin, (2} 8 mg dieldnin, £3* 50 mg p( 5.
(4) 100 mg PCBs, or (5) 30 mg PCBs and 4 mg
dicldrin together Ten sosey were gnen gne
capsule each 35 days for 5 weeks Three ang
one-half days after the last capsuic was gnen, of
surviving birds were sacrificed

The Denver Wildlife Research Center anals gy
for residues of PCBs in pooled liners from three
road-killed pheasants collected near Washington
Pennsylvamia; six road-kifled pheasants colleeind
southeast of Lancaster, Pennsyhzmin six pheac
ants shot east of Garv, Indiana, s1x pheasams shot
in Benton County, Indisna and <x pheasanr,
shot near Brookings, South Dakota Al of thy
ahove collections were made in the spring of 197¢

Resuits and Discussian

Effects on Reproduction

The averages of eggs laid per hen per dav among
hen treatment groups were sigmficantly different
in 1870 (3). With the use of an orthogonal test
the rate of egg production smong hens given 125
mg PCBs was not found to be lower (P>000
than the rate of the control group, but the rate
of the 50-mg group was lower (P <0013 than the
rates of the other groups. In 1971, the samc
pattern was evident (Table 1), there were signihi-
cant differences (P <0.05) among hen groups
The production of hens given 125 mg was not
lower (P>0.03) than that of controls, while
production of 50-mg hens was lower (P <001,
Egg production was lower in groups where cocks
were given PCBs, but this 1s not to be expected,
and we cannot explam it

Differences among groupsin egg fertiity in 1470
were significant (P <0.05;, however, varution in
fertility did not follow & patiern reiated to I'C'B
dosage, and, thus, the results mav not have apv
brologica! meaning (3) In 1971, there were no
significant differences m fertility among groups
{Table 1)

Hatchabihity in both 1970 (3) and 1971 was
highest m control groups and lonest 1n groups w
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Table 1. Reproductive statistics from control pheasants and pheasants given PCBs 197071

Fertile egge Fertile eggs Fertile eggs pipped
Trentment group® No eggs per  No egas set hatched but not hatched
hen per doy  in incubator  No Percent
Neo Percent No Percent
150
D=t 0 621 277 101 386 T4 73 1] 3}
n-12 5 0 459 220 128 58 87 68 20 23
=50 0 202 136 50 a7 32 64 8 16
250 0 335 168 8l 54 73 B0 9 10
2-12 5 0 382 17% 7 40 50 70 18 25
25-50 0 198 98 63 64 41 65 10 16
1971
=0 0 337 188 82 49 85 79 a8 7
12 5 0 4306 199 128 G4 64 50 20 16
(=00 0 328 148 "] 85 51 53 4 4
25~} 0 465 233 170 73 110 68 a 5
%-12 5 0 385 288 153 53 109 71 15 10
250 ¢ 728 85 42 44 10 24 5 12

* Iach treatment grour had five hens except that the 25-12 5 mg group had nine hens in 1971
b The first number is the weekly PCB level in mg miven ta cocks, the second, that for hens

which hens had recerved 50 mg PCBs. In 1970,
these differences tested by chi.square were not
significant (P >0.03), while in 1871 hatchability
was reduced (P <0 01) among hens given PCBs.
Rignificant. differences (P <0.05) were found in
the number of eggs that were pipped but not
mtihed for hen groups sn both 1970 and 1971
Appurently, the administration of PCBs to the
hen adversely affected the visbility of the embryo
at hatehing MeLaughlin et al. (6) injected both
18 nnd 25 mg of Aroclor 1242 into chucken eggs
and found only 0-3 percent hatchabslity with
growth retardation, edema, and beak deformities
i embryos

liggehell thickness was measured only 1n 1970,
and no significant differences (P> 0.05) in eggshell
thikness were found using analysis of vanance
(") Eggshells from hatched eggs (without mem-
hmnes) laid by control hens averaged 0.20:0 02
mm standard deviation, and those from all hen
groups recerving PCBs averaged 0.23+£002 mm
Fggshells from unhatched eggy averaged
0.32+0 02 mm for control hens, and 0 314002
mm for hens receiving PCBs, Dahlgren and Linder
(7) found tle eggshell thickness of pheasants to be
unnflected by weekly admimstration of capsules
rontaiping 6 mg daieldrin

April 1972

Heath et al (8) fed 25 ppm of Aroclor 1254 to
mallards {Anas platyriynchos) through two breed-
ing seasons They also fed bobwhite quail (Colrnus
nrgintanus) 50 ppm 1’CHs and at & joint level of
25 ppm PCBs and 15 ppm DDE for one reproduc-
tive season They foind no effects on egg produc-
tion, cracked eggs, cggshell thickness, embryvona-
tion, embryos alive at 3 weeks, normalitv of
hatchiings, and normal hatchlings alrve at 14 davs,

Scott et al. (9}, whofed 0,05 10, 100, and
20.0 ppm Aroclor 1248 for 8 weeks to chickens in
full egg produrtion, found no reduetion 1n egg
production on the lowest levels of PCBs after 8
weeks, however, they noted & 1) percent reduction
was associated with 10 ppm, and a 13 percent
reduction was associnted with 20 ppm. They
reported that 10 ppm Aroclor 1248 reduced
hatchability of chicken eggs by 8 percent after 4
weeks and 44 percent after 8 weeks The 20 ppm
level nearly elimmated all hatchaluhity, Most
embrvos cied at 21 davs of development. manv
after pipping  They also found that eggshell
strength was not affected wlien as mnuch as 20
ppm was fed

Effects on Behaviur

Seventy-one !1l.week old hens g cn one 210-nmg

91

MONS 208190



Table 2. Hehavior on the visual ciiff of chicks hatcheP
from vontrol pheasants and pheasants given PCBs

1970~71.
No that No that No not
Jumpad to jampud to Jumping
Trestment  visually visually within 5
group deep side shallow sude munutes

1070 1971 1970 197} 470 1971

(-0 2 o 35 43 8 7
0-12 5 3 7 42 34 8 b
0-50 3 7 i 30 5 &
250 B 10 a3 67 15 17
2012 3 5 16 22 8 7 7
25-60 4 o 5 8 6 1

* The first number & the weekly PCB level in mg given
Lo coeks, the second, that for hens

capeule in the evening of the first day of testing
appeared weak at the end of the following day
After receiving the second capsule, they sat with
feathers fluffed, and some tremoring was noticed.
During the 24 hours before death, they often
showed tremors, particulerly when disturbed.
Shortly preceding death, birds were comatose and
died without tremors.

Eleven 11-week old hens given 20 mg daily were
hypcrexcitable after 4 days of PCB treatment,
after 16 days they sat with feathers fluffed. They
exhibited weakness with ocessionai tremors about
30 days after dozage began Eleven hens 11 weeks
old given 10 or 20 mg daily appeared to have
fewer body feathers after 30 days than controls,
although they did not appear to peck one another
more often. Flick et al. (10) reparted feather loss
i chicks of the domestic chicken given PCBs.

Visual Cliff Behavior—In 1970, when chicks
were placed on a visual cliff for up to 5 minutes,
significant differences (P <001} among groups
were found in their behavior using chi-square
analyms (5); offspring of hens given 50 mg jumped
to the visualiy-deep side of the cliff more often
thao offapring in other groups In 1971, no signifi-
cant differences in behavior between groups were
noted (Tabile 2). When data from both years were
combined, no signficant differences (P>>0.03)
were found Baxter et al. (11} reported that
pheasant chick Lehavior in a visual-cliff test was
apparently affected by dieldrin given thesr
puaren's

92

Response to Hand Catching—Results o
estehing young pheasants by hand were analvaeg
by comparng the number of birds from .e;ch
treatment group caught in the first half and jax
hel{ of ail birds caught to an expected numbes
equaling 50 percent of the birds in that group For
example, 16 out of 20 young in the category whers
both parents bad received PCBs were caught v
the first half of all birds caught on Jaly 22, 1970
{Table 3). The 16 caught i the first half and ¢
caught 1 the second half were compared by
chi-aquere analysis to an expected 10 (half the
total categary of 20}, resuiting in 8 highly sigwif.
cant difference (P<0.01). Since each pen wasy
closed unit and the PCB-treatment birds wers
penned with other young from a concurrent
dieldrin study, 1t must be remembered that birds
of several groups caught predomunantly in the
first half would cause burds of other groups to be
eaught 1n the last hall, It 18 important to compare
not only how the PCB birds were caught in com.
parison to an expected distribution, but also how
categories compared with one anothe: The cam-
panaons are shown i Table 3 as ratios These
indicated that the ability of penned pheasants 1o
avoid hand capture was mignificantly less in 1870
oflspring where both parents had been gnen
PCBs. This isadentical to the findings of Dahlgren
et a] (12} for offspring of parents adnunistered
dieldrin. However, 1n 1071, the responses of ofl-
spring of treatment groups were mnular to
controls.

Data for 1970 and 1971 were combined and &
contingency table chiwsquare technigue was used
to determune the effect of PCB tresetment on the
response to hand catching between groups The
response was simiar whether PCBas were given to
either the cock or hen but was mgmficontly
diffierent {P <003} when both perents received
PCBs from that where only one parent recewved
PCBs

During catching, pheasants were herded sround
and around the pen, and often the catcher was
able to capture those birds which ran back directly
toward the pursuer. However, there was no
attempt made to determune or to quantify the
elements of hehavior that would explam why
offspring of birds trested with PCBs were enster
to eatch.

Environmental Health Perspectivea

MONS 208191




auity of
&)y g
U eac ),
and ]ug
numh‘-,
oup ko
Y where
ugitt |
22, 197
i and 4
red In
half the
sigfi.
Wik g
5 Mwerp
turreny
at birds
n the
pa {9 De
PO pare
in con.
180 haw
he [R3T+] 1N
The
18 10
in 1470
ghen
higren
tatered
of off-
hlar 1o

and a
pa used
on the
8 The
ven 1
kcant)
peeyved
boerved

kround
Pr war
irectly
no
y the
) why
saser

Ftlvel

Tsble 3. Effects of FCBa on band capture of penned pheasants, 1970-71. (Numbers represent birds caught in
b Grut hatf of all birds caught;, numbers in parentheses represent one-half the number of that category
\n the pen. Chi-square was used to compare numbers sctually caught with half of the numbers in each

category.)

Parenta receiving PCB

No o
1etes of capture hatchea No of
caught pens Both Hens only Cocks only Netther
e
Julv 22 1-8 14 1810} B(B 5) T(10 §) 11%(10 5)
Juhy 29 1-9 15 19011 57 70100 2(12) 9{13 &5)**
Aug 13 1-10 18 11(12 5) 12{12 §) 12(13.5) 8(1)"
Aug 1P I-12 20 2115 3)° 17014) 18017 &) 19{18)
Sept 1 1-14 22 2518+ 19415 5 22(20) 14(19 §)
Oet 15 1-15 23 20(18} 14(16) 25(17 5)* 9(i4)
Kov 2} I-15 13 (1L 5) 14{12 5) 8(10 5) 12(11 5
Dec 0 1-15 13 1Y 14 (11 5) 12(10 » 81"
Al 1070 catches combined 137 (106)** 105(100 5) 113¢112; 85(110;*
Ratio, 19700 1 66 1 91 1 98 259
%31
Juiv M -7 17 27(19 5)* 23(24.5) 25021 5) 12(14 &
Sept 1-3 I-15 28 75(70 5) 41(37) 36(36 5} 21022
Rept 21~23 I-15 28 71 (70 5) 3R(36} 37{36) 24(21 5)
Oet 7-11 I-15 28 33(37) 33(35 5 27(35) 19(20 %)
Oet 19-22 1-15 23 34(35 5) 23(33 5" 35(34 5) 17(21)
Mev 2-5 I-15 28 300 5 20(32 5) 23(28 5} 19(18)
AN 1971 catches combined 270(284 &) 187(199) 187(192) 112(117 5)
Hutn, 1971 1 98 213 205 210
AN 1970-71 catches 407 (376 5)** 202(209 5} 300(304) 197 (227 5)**
182 2 05 2z 03 25

Ratio, 1070-71

* Totals of row numbers may exceed one-balf total birds because odd numbers of Lirds in pens were rounded hgher
* thnls 10 pen/birds esught in first half

*{P <0 05)
** (P<0 01)

Table 4, Weights and survival for the firet 6 woeks of offspring from control pheasants and pheasants given

PCBs, 1970-71,
Average weight No. of chicks No. of chicks Percent survival
Treatment group st § weeks (g) to brooder alive after & weeks
Both
1970 1w 1970 1971 1970 197¢ 1870 1971} Years
= 306 429 73 85 40 50 67 77 72
012 5 378 435 84 64 49 45 58 70 fd
(=50 303 425 29 50 3 37 10 74 51
2540 389 428 72 115 50 I'H an 79 75
20~12 5 403 458 50 109 30 72 60 68 64
25 80 I a3 40 10 ] 6 22 60 ao
* The Girst number s the weekly PCB level 1n mg given {o cocks, the second, that for heps
April 1972 93
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Table 5. Survhal to the fall of o Mapring of control pheasanis and phessanis given PCBa, 19707}

Wa of voung

Percent survival from

——————

Porcent suta g

Group wlive 15 falie 6 weeks of age to fall® hateling to fol)-
1_"’“1 Buih
1970 197} 1970 1971 Years 1970 7y Yeors
=i 20 36 41 72 57 27 3 "
0-12 5 3 36 7 BO 63 27 3 0
0-50 0 % o 78 2 0 3R ki
250 21 57 42 83 55 20 EY) 4o
25-12 § 18 -0 680 82 75 36 54 iR
25-50 4 1 44 67 s3 10 40 16

* December 5, 1970, November 2-5, 1571

® Using the humber of ehicks alive siter 6 weeks, Tabie 4.

* Using the number of chicks 1o brooder, Tabie 4

¢ The first number i the weekly PCB level tn mg given to cucke, the second, that for hens

Effecia on Survival and Weighte of Offapring

Survival—Chick mirvival was determined for
treatment groups in 1970 (5} and 1971 during the
first 6 weeks of age while chicks were kept in
brooders (Tabie 4}. The survival of chicks was not
related to whether cock parents received PCBs,
but chi-square analyats showed that mgnificantly
more (P<{.01) deaths occurred among chicks
hatched from hens receiving 50 mg PCBain 1970
Thes: differences were not evident in 1971 data.
When data from both yeara were combined, there
was a sigmficant difference (P <0.01) between
offepring where hens received 0 and 12.5 mg PCBs
and between offspring where hens received 12.5
mg and 30 mg PCBs (P <0.01)

Survival of young phessants in outdoor pens
was measured in December, 1070, and November,
1971 (Table 5). SBurvival of offapring from 6 weeks
of age to the fall in both years appeared to be
unaflected by ievel of treatment in either year.
When overalt survival from lLatching to the fali 1n
both years was considered, the overall survival of
offspring from hens given 50 mg was mgnificantiy
less (P <005) than that of the other groups. The
lower rates of survivel for the 50-mg groups were
due to the effect on early survival, not that from
mortality of birde older than § weeks of age. No
meamngiui departures from the expected 50:50
sex ratios in the treatment groups werc deter-
rmuned (Table 6}, Apparently PCBs did not affect
the survival of one sex more than another

94

Weight—Weights of chicks from liens on 30
mg PCBs weekly were lovwer (P <001} at § weeks
of age (5) than those of other groups n 1970
(Table 4} In 1871, weights of offspring of 30-mg
hens were lower (P <0 01) than that of (ontrols,
while weights of offspring of 12 5-mg hena were
higher (P <0.01). When data from both vears nere
combined, there was no relationsiup betneen
weight and treatment leve]

Aithough we did not adequatcly deternune that

Table 6. Numbers of cocks and hens alive n

November that were offapring of control phessants

and pheasants given PCB', 1970-71. {Chi~squere

was used 1o compare numbers of earh sex alive mith
an expected 30: 50 disinbuton.}

1970 1971 1070-371
Group Novemner November Cominned
21 2-h
Cocks Hens Cocks Hens  (orks Hens
o0 11 " 17 17 WM
0-12 5 14 11 15 20 o n
050 0 1 137 IR LY
250 5 1 33 22 WM
25-12 5 13 G 36 200 [N i
25-50 L 1 3 i ) 2
All PCB
groups 33 35 100 R0 122 115

* The first number ® the weekly level in mg  PCD
g1ven 1o cocks, the second. that for hens

P <D DB

**{P<O O
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CBs via the egg depressed the weight of offspring,
\fcLaughlin et sl. (6) mentioned growth retarda-
yon of cmbryos as an effect of PCBs injected into
the yolk sac of chicken egga. We fed no pheasant
fucks PCBs, but Flick et ai (10) found that
|Gay-old chicks fed Aroclor 1242 at 200 and
400 ppm had depressed growth by the second week
of feeding and that the growth depression was
reated to the jevel fed, Vos and Koeman (13) fed
PCBs to 1-day-old cockerels and found body-
weight depression from 400 ppm Arcclor 1260
Piatonow and Funnell (14) found that 1-day-old
cockercls fed 250 ppm Aroclor 1254 had depressed
body weights between the sixth and ninth week of
ther feeding trial; this depression was associated
with reduced feed consumption, Rehfeld (15) also
found depressed weight gains in 1-day-old chicka
fed sublethal levels (10-50 ppm) of Aroclor 1254;
chicks fed 30 and 50 ppm for 2.5 weeka and then
fed a clean diet recovered from the growth depres-
sion, whinle chicks fed 40 and 50 ppm for 5 weeks
and then fed a clean diet for 8 weeka did not show
& recovery from the growth depression

Body weights and Mortality in Birds
Given PCBs

Adult hens 1n both the 1970 and 1971 breeding
expeniments were unaffected m body weight by
administration of as much as 50 mg PCBs in
sngle capsules weekly. It was charactenstic,
howeyver, of birds that died on PCB treatment to
stop eating and die within several days.

Hens 11-weeks old given a 210-mg capsule of
PCBs in the evening ate very little the following
da\ nnd appeared weak by the end of that day (3)
After receaving the second capsule 24 hours sub-
senuent to the first, birds sat with feathers fluffed
some tremoring was noticed, and no food was
consumcd. Birds of both sexes 69 months of age
grn 100 mg or 50 mg PCBs every 3.5 days for 5
wreks continued to eat, as did 11-week-oid hens
repentedly given either 10 or 20 mg daily Seott
et ul (9) found no effect on feed consumption
when 1aying chickens were fed up to 20 ppm
Aroclor 1248, and no mortality that could be
attributed to treatment Prestt et al (16) found
no eflect on weight of Bengalese finches (Lonchura
strinta) when they were fed up to 400 ppm Aroclor
1234 jor 5C days

April 1972

Birds 11-weeks old given daily capsules con-
taining 210 mg PCBs died within 1 3 and 5 9 days,
the 16 designated to be analyzed upon death hived
longer than the other birds in the experiment,
from 2.2-5.9 days, averaging 3 821 0 dav stand-
ard deviation (3} They loat from 15-37 percent of
thexr mitiai weight before death All control
birds lived. Correlationa of the initial weight, days
to death, and percentage weight Joss were ob-
tained for 53 birds in this experiment. Initial
weight was correlated with days tn death
(r=0.609, P <0.01}; heaviest birda lived longest
The birds which were hesviest initally loat the
greatest percentage of their weight before death
{r=0.589, P<0.01). Birds that lived the longest
lost the greatest percentage of their weight hefore
death (r=0.744, P<0.01) Time of death of the
11 birds that were not given PCBs, but were
starved, ranged from 23 days to 8.6 days, aver-
aging 3.9:1.8 days. They lost from 27-31 percent
of their weight by the time of death (3)

Of the birds given 50 or 100 mg every 3.5 days
for 5 weeks, 4 of 22 died in the 50-mg group and
7 of 22 died in the 100-mg group. In addition, two
birds in the 100~mg group were so weak they were
near death at the conclusion of the experiment.

Mortality of birds given 10 mg began 30.6 days
after the first capsule was given, the ninth bird
died after 170.3 days. The other seven birds died
between 50.3 and 80.6 days after initial treatment.
The tenth bird of this group, still alive after 8
months of treatment, was sactificed (3)

In the 20-mg group, the first bird died 39.6 days
and the last bird 54 1 days after capsules were
firet given. The aversge number of daya to death
was 46 125 3 days (3).

Mortality was Light in breeding experiments n
1970 and 1971 In 1970, only 2 hens died from
among the 30 hens and 10 cocks under study . both
hens had received 50 mg PCBs weekly (5). In
1971, among 34 hens and 14 cocks in the study,
three hens died, two that had received 12 5 mg and
one that had received 50 mg weekly.

Tucker and Crabtree (17) reported that 2000
mg/kg of either Aroclor 1242, 1254, 1260, or 1268
given to mallards caused no mortality or aymp-
toms Prestt et al {16) estinated that 254
mg/kg/day given to Bengalene finches would give
50 percent mortality at 56 days. Heath et al (8)
reported that Aroclor 1254 hiad an LCy of 1090
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ppm when fed for 5 davs as part of the diet to
pheasants Vas and Koeman {13) reported that,
of 20 chicks fed 400 ppm for 60 days, only three
died.

In the present study, 210 mg PCBs daily were
given to 11-week-old hens. By the time the average
bird died, it had veceived 840 mg PPCBs, the first
to die received 420 mg, and the last to die, 1260
mg. These same figures for 11-week-old hens on
20 mg daily were 940 mg, 800~1100 mg, and for
birds given 10 mg daily {one was sacrificed after
surviving 8 months) were >830 mg, 310-2410+
mg Thus, for a group of pheasants given PCBs at
10 mg or more datly, the most suaceptible in-
dividuals would probably die with 300-400 mg
Aroclor 1254, the average bird would die with &
cumulative dose totaling from 800 to 950 mg; and
the least vulnerable would die after recewving
1200~2410+ mg PCBs

Absorption, Storage, and Excretion

Dahlgren et sl (2) reported that retention of
PCBs 1n the bodies of four hens, each given single
50-mg capsules and sacrificed 28 days later,
averaged 40.5 mg in each hen. Levels of PCBs
were higheat n all tissues et 12 hours after capaule
administration and declhined most rapidly in liver
at 24 hours. Throughout their experiment, levela
were highest in liver, followed by brain and muscle.
Brain tissue contasned more PCBe than muscie per
unit weight, but, having & higher lipid percentage
than muscle tissue, brain tissue had a smaller
concentration of PCBs per umt of lipid.

Analysis of whole bodiea of four hens that
recerved 12.5 mg PCBas weekly for 17 weeks re-
vealed that they retained from 37 to 58 percent of
the administered dose, while hens on the 50-mg
level retained 60 to 82 percent of the administered
dose The hens on the higher dose averaged about
#1x times as much PCBs in their bodies as the hens
on the lower dose, although they had been given
only four times as much PCHs (2).

A total of 48.7 mg of PCBs in the whole body
plus thet excreted i eggs and feces over 28 days
was accounted for after administration of a 50-mg
capsule (2). The PCB-corn oil mixture was readily
absorbed in the gut of the phessant, calculations
showed that a maximum amount excreted un-
absorbed. was 6 percent of the 50 mg given, and
as much as 98 percent may have been absorbed.

9%

Five of the hens that had received 125
weekly for 16 weeks in the 1971 breeding exper,.
ment were sacrificed 1 week following the 54
minigtration of the last capsule i the series The
ppm PCBs in the bodies of these five hens wer
17.6, 18.6, 24.4, 283, and 305, averaging 733
ppm Three montha [ater, three other hena of (e
aame group, which had been kept caged, wem
sacrificed The analyses of their bodies showg
89, 120, and 20.0 ppm PCBs, averaging 116
ppm PCBs After 6 months on & clean diet, three
other birds similarly trested had whole-body ppm
values of 18.3, 19.5 and 25.0, averaging 209 ppm
The appareat rise in PCB concentration st ¢
months may be due to sample varation and. ar
the physiological state of the hens sampled It
obvious that the rate of excretion of PCBa u
relatively siow These birds were snalyzed st the
Denver Wildlife Research Center,

Scott et al. (9) found that chicken bens given up
to 20 ppm Aroclor 1248 1n the diet for 8 weeka lost
less than 50 percent of the stored PCBa after ¢
weeks on either a standard diet or low-energy diet
He also found that a low-enengy diet {ollowed by a
high-energy diet did not affect reduction of PCBs
over time. Prestt et al. (16) fed 1500 mg Aroclor
over 58 days to Bengalese finches and were able to
recover oaly 9 percent of the amount fed, when
they analyged one bird from the experunent

Excretion Via the Feces—Excretion of PCBe
in feces was relatively low as reported by Dahlgren
et al. (2) An aversge of 4.0 mg per single 50 mg
dose was excreted in the feces of four hens over
28 days, the feces from these birds were analysed
as & pool Two other hens excreted 2.2 and 2 9 mg
per 50-mg dose over & 28-day period, the feces
from these two hens were anslyzed separately
PCBas in the pooled feces of the four hens were at
A& peak durtng the first wesk and declned to
relatively lower levels thereafter. They also found
that excretion in the feces was highest during the
first 24 hours n the two other hens given single
50-mg capsules, and Jess than | mg PCBs appeared
0 the feces the first day. Vanability in excretion
between these two hens was low An average of
2.6 mg per hen was passed in the feces of the two
hens by the end of 28 days

Excretion Via the Egg—In four hens given
50-mg capeules when egg laymg was dechoing,
levels of PCBs in the egge were lowest in the first
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weck, highest during the second week, and de-
ciped thereafter The average excretion per hen
us the ngg wos calculated to be 4.2 mg PCBs (2)
Excretion of PCBs via the egg could be higher
than excretion through the feces when hens are in
full ege production. A single egg laid between |
wd 2 weeks after a hen was administered a single
eapsule containing 50 mg PCBs was shown to
contarn 1 5 mg of ’CBs This egg was one of two
laid that week by one hen

Heath et al (8) reported that two mallard eggs

from the second reproductive season, when birds
had been on 25 ppm Aroclor 1254, had 56 ppm
and 33 ppm PCBs, wet weight. Peakall (18)
reported that ring dove (Streptopeiia risoria) eggs
taken from birds given 10 ppm Araclor 1234 mn
the diet averaged 4.81+108 ppm standard
error The actual amounts in mg of PCBs in ring
dove (18), mallard (8), and pheasant eggs in the
prescnt atudy would be far below the 10 mg
mjected by MceLaughhn et al. (§) into chicken
eggs The 10 mg resulted in poor hutchability,
edema, and beak deformation,
Scott et al (8) found that PCBs deposited in
chicken eggs were less than (.5 ppm after 8 weeks
with 0.5 and 1.0 ppm Aroclor 1248 in the diet,
They found levels of over 3 ppm after 8 weeks with
10 ppm in the diet and levels of about 6-7 ppm in
egge of hens on 20 ppm, These values are much
lower than those found in the present study from
3-4 weeks after administration of a single capsule
of 50 mg Aroclor 1254 Their results, showing a
drastic reduction in hatchability associated with
7 ppm or less residue mn eggs, are not comparable
to our findings with pheasants, Differences with
the experimental animal or the Aroclor product
used may have resulted in the gross differences in
findings between our studies. Heath et al. (8)
reported a nearly four-fold difference between
bobwhite and Japanese quail in the LCuw, thus
species differences may be important.

Hesidues in eggs of wild birds have been deter-
mued by several authors from diverse collection
points, Anderson et al. (19) found PCBs in all egg
pouls of cormorantas {Phalacrocorar aurius) and
pelicans {Pelecanua erythrorhynchos); cormorants
were shown to have an estimated R ppm in eggs
and pelicans 00 ppm, Jensen et al. (20) reported
43 ppm in the egg of & lieron {Ardes cinereq)
collected 1n Sweden, and 8-21 ppm from 9
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gullemot (Uria aalge) eggs from the Baltic Sea
Rusebrough et al. (21) reported that an egg of a
peregrine falcon (Falco peregrinus) contained 10
ppm, 8 black petrel (Loomelania melania) eggs
had an average of 1 ppm; 5 eggs of & barn ow!
(Tyto alba) had <1 ppm; and a golden eagie egg
(Aquila chrysaetos) had <1 ppm. Dustman et a]
(22) reported median measurements of egg res:-
dues of bald eagles to be 1.65 ppm for Alaska and
9 7 for those from all other states. They further
reported median egg levels of 15.9 ppm for the
osprey (Pandion halicetus) of Comnecticut and
2 5 ppm for those in Maryland; 56 ppm in brown
pelican (P occidentalis) eggs from different areas,
and 5 ppm in eggs of royal terns (Thalasseus
mazimus).

Prestt et al. (16) found residues ranging from
(--80 ppm :n 363 eggs from 28 species of both [and
and water birds collected in Britain. Most of
these had less than 10 ppm, but those which had
higher levels included a singie egg of the great
crested grebe (Podweps crwetatus), 40 ppm; one
egg smong 101 of the heron that had 80 ppm,
while the arithmetic mean was 5 ppm; one egg of
a moorhen (Gallinula chloropus) with 15 ppm,
among 13 samples that averaged 2.4 ppm, and a
single egg of a great skua (Sierocorarius skua)
that had 25 ppm,

Particularly in view of findings that about
5 ppm was associated with nearly complete
negation of hatchability in the chicken (9), the
above findings in some wild birds are alarming.
Apparently, though, as earlier pointed out, there
must be conmderable differences among species in
(1) the rate at which they deposit PCBs in the egg,
and (2) what a particular ppm range may mean in
associated deleterious effecta.

Residue Levels in Tissues

We analyzed tissues from seven different groups
of birds: (1) 16 birds given 210 mg PCBs daily
that were designated for analysis upon death, (2)
five additional birds on 210 mg deily that died,
(3) mne birds that were killed at intervals for
maiching with the 16 demgnated to die, (4)
pooled samples of birds killed 12 hours and 24
hours sfter receiving a single capsule containing
210 mg PCBs, (5) pooled samples of four burds
dy:ng and from four birds surviving capsules con-
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taining 50 and 100 mg PCBs, (6) & pooled sampie

of four birde dying on 20 mg and 10 mg PCRs, and

(7) & pooled sample of two controi birds (3)

Birds that died from daily doses of 210 mg PCBs
had bra;n levels that ranged from 320 to 770 ppm
wet weight snd averaged 520 ppm=+110 ppm
standard deviation Ljver residue levels were
much more varable than bran levels. They
ranged from 390 to 9,300 ppm and averaged
25002000 ppm wet weight Muscle residues
were also relatively more varmble than bramn
residues, &8 they ranged from 51 to 290 ppm, and
averaged 14053 ppm. Tissue Jevels from the
birds killed for matching overlapped with ranges
in the birds that died on 210 mg, but less so for
brain than for Liver or muscie ranges. Braimn
residue levels of mine birds sacnificed for matching
ranged from 280 to 500 ppm, and averaged
37085 ppm, livers ranged from 1,000 to 5,000
ppm, and averaged 1,900 1,300 ppm, and muscle
ranged from 58 to 110 ppm, and averaged 8317
ppm.

l:'Bmin showed less variability than other tissues.

Further, brain was the only tissue independent of
other parameters (initial weight, percent weight
loss, days to death, and lipid content in brain,
liver, and musele) when testing correlations of all
poesible parameters using birds that died from
capsules containing 210 mg PCBa This lack of
correlation with other parameters indicated the
usefulneas of the brain in aseeasing toxic levels of
PCBs. The relationship of the liver with other
parameters auch as onginal bird weight and days
to death tended to negate its usefulness. Further,
the interrelationships of liver parameters with
those of muscle, even though 1t is not known how
many of these relationships were meaningful,
tended t0 negate the usefulness of muscle as an
indicator tissue.

Brain levels of PCBs were generally higher in
birds that died than m birds that were sacrificed
at the same time for matching of bramn residue
levels, although there was some overlap of the {wo
groupa. A brain residue level of 400 ppm separated
the bulk of the birds (86 percent) that died from
most (67 percent) of those that were sacrificed
There appeared to be a relationship between days
to death and brain residue level, however, thia was
not significant (P>005) A pooled sample of four
birde that died on treatment with 100 mg PCBs

given each 3.5 days had 320 ppm in the bran
tissue, while a pooled sample of four sacrificeg
birds sn this group had 59 ppm. A pooled sample
of three birds that died on trestment with 0 mg
PCBs given every 35 days had 330 ppm in the
brain, while a pooled sampie of four sacrificed
from this group had 34 ppm Pooled bran tisgue,
from four birds that died on daily doses of 10 ang
20 mg had 360 and 380 ppm I’CBs, respectively
no data were availabie for survivors of thew
groups. These latter data indicated that 300 ppm
might be better than 40) ppm as o separation
point that would indicate death from PCBs and
that, when sinaller amounts of PCBs were recejved
by the birds over a penod of time, the spread n
brain levels between birds that dred and survied
mght be greater

Ratios of residue levels using wet-we:ght ppm
values among brain, liver, and muscie in dead and
sacrificed birds overlapped considerabiy, parties-
larly in brain:liver and brain:muscle ratos
However, Liver:muscie ratios appeared to be
smaller 1n birds dying on 216-mg doses. If one
eatablishies 19 aa & liver :muscle ratio, 3 of 9 birds
sacrificed on the 210-mg doses had smaller ratios
and only 4 of 18 hirds dymg had higher ratjos
However, it 18 necessary to gather more data to
determimne if this ratio is useful in diagnosing the
cause of death as PCB toxicosia.

Vos and Koeman (13) found that, when 1-day-
old cockereis were fed 400 ppm Phenochlor DP 6,
Clophen A60, and Aroclor 1260 1n the diet for 60
days, the chicks had brain restdue levels ranging
from 70 to 700 ppm among 11 birds that died on
treatment and 40 ppm for one chick which sur-
vived, Liver levels in their experiment were more
variable than brain levels and ranged from 120 to
2,900 ppm among 28 birds that died and from 210
to 340 ppm among four survivors Seven of their
28 birds that died had liver residues of less than
250 ppm, while four of 11 birds had less than 300
ppm. [t appears from their data that liver might
be as useful as brain for diagnosing cause of death
Their liver: brain ratios were similar to those oi the
present, study, but, since they had only one sur-
vivor from which brain and liver were analyvzed,
overlap could not be evaluated Rehfeld (13,
reported that 30-50 ppm Aroclor 1254 given to
}-dav-old cockerels resulted in liver residucs of
300-500 ppm Prestit et al (16) reported a range
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4 3-634 ppm in livers of survivors and 70-697
wom in lners of Bengalese finches dying during
eatment with Aroclor 1254, and that liver level
oss correluted with the amount received
P<OOD)

Prestt ¢t al (16} stated that the liver:bran
esudues shonld be compared and that bramn
ppm ‘liver ppm X 100/1 waa three times higher 1n
Rengaiese finches that died during their exper:-
mend thon 1 birds killed at the end. Data in the
present study showed a complete overlap m brain
ppm/hver ppm X 100/1, birds that died during
\esting liad & range in ratios of 54 to 112 8, whle
matching birds sacrificed had 100 to 370

Relatively little sampling of brain tissue for
PCB residues has been done in wild birde Duet-
man et &), (22) reported that a sick bald eagle hed
230 ppm PCBs 1 1ts brain, and that PCBs may
have contributed to its death. Jensen et al (20)
reported that three white-tadled eagles (Haliaeeius
albrcrila) had a brun residue range of 28-70 ppm
PCBs, averaging 47 ppm; muscle remdues ranged
from 150-240 ppm, averaging 190 ppm. Rise-
brough ot al {21) found 004, 15, 21, and 346
ppm PCB in the bramns of four peregrine falcons.
Prestt ct al. {16) reported liver remduea ranging
from 0 to around 900 ppm from a wide vanety of
Bntish birds; anthmetic averages ranged from
03 ppm in the buzzard {(Buteo buteo) to 98 ppm n
the heron. The tissue levels reported above were
below those at which mortality occurred in the
preacnt study, except that the muscle level for
the white-tailed eagle was higher than those 1n
this study associated with death in the pheasant
from PCBs. However, these levels from wild
birds do constitute substantial percentages of the
brain and liver levels in the present study where
death occurred from PCBs.

Histopathologic Effects

Dahigren et al. (3) found that PCBs decreased
weights of heart and spleen at all treatment levels
(P<0.01). PCB treatment increased weights of
kidney and lhiver i birds given 10- and 20-mg
doses (P<001), but no effect waas seen in the
210-mg group. Starved birds had smalier hearts
(P<005) and hivers (P <0.01) than controls

Splenic atrophy, as described by Flick et al.
{10} and Vos and Koeman (13) was found in all
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pheasants given 20 mg daily and in the 10-mg
birds except for one that survived 8 months and
was sacrificed (3) Spienic atrophy was char-
acterized by almost compiete absence of lymphatie
nodules and an increase in the relative abundance
of red pulp. In one of the birds given 20 mg, loel
of necroais were found 1n lymphatic nodules
Prestt et al. (16}, using the Bengalese finch,
reported that kidneys were larger in birds that
died from PCBs than in controls. Flick et al
{10), using chickens, mentioned both enlarged
sdrenals and kidneys from PCB treatment In
our study, kidneys were lacger in pheasants given
10 or 20 mg daily, but neither kidney nor adrenal
enlargement was visually detected during ne-
cropsy MeCune et al (23), uming Aroclor 1242
with chickens, mentioned both enlarged hivers and
kidneys in birds given PCBs. Platonow and
Funnell (14) and Rehfeld (15), using 1-day-old
chicks, reported enlarged livers with dietary
mtake of Aroclor 1254 Grant et al (24) reported
enlarged livers and decreased spleen mze over &
period of time in the rat Flick et al. (10) and Vos
and Koeman (13) reported smal! splecns in their
studies. Although hydropericardium was found n
varying degrees by many of the suthors cited, 1t
was found only rarely m the present study Vos
and Soeman (13) found that Phenoclor DP 6 and
Clophen AGO0 caused much more liver necross
and hydropericardium than Aroclor 1260, this
was probably due to contaminants (23)

PCBs in Combination with Dieldrin

Mortality among pheasants of both sexes 6-9
months old given dieldrin, PCBs, or a combination
of the two, varied with the ievel of chemical
administered (Table 7) Among the 22 pheasants
on each level, 3 dicd witht 4 mg dieldrin per capsuie,
and 6 died with 8 mg dieldrin. The same propor-
tions held true for PCBs, since 4 died with 50 mg
PCBs per capsuie, and 9 died with 100 mg PCBs
When 50 mg PCBs and 4 mg dieldrin were
administered together, a total of 9 birds died.
None of 11 control birds died during this period
of time. These date suggest that effects of PCBs
and dieldnn together are sdditive, not synergistic
Heath et al (8) found that the jomnt toxicity of
Aroclor 1254 and DDE given to Japanese quaii
was additive, and found no evidence of synergism
i their joint effect
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Table 7. Mortality occurring among 32 pheasants of
both sexes that were &9 months of age when PCBa
and disldrin werr administered separstely and in
cambinstion. No mortelity octurred swong 11
contrel birds.

Group Nao of deaths in week Total
treatment 1 2 3 4 5  deaths
50 mg PCBa 1 0 0 1 2 4
100 mg PCBs Q 3 ) 4 2 ']
4 mg Dieldrin 3 0 0 0 o 3
8 mg Dieldrin 3 0 4] i 2 3]
50 mg PCBs and
4 mg Dieldnn 1 2 2 O 4 g

* These two birde were near death at the end of the
expenment

Residues in Wild Birde

A pooled smnple of six phessant livers taken
from wild South Dakota phessants had <0.1
ppm PCBs A pooled sample of three livers
collected near Washmgton, Penasylvama, had
<0 1 ppm PCBs, and s pooled sample of aix Livers
eotlectod southesst of Lancaster, Pennaylvama,
had 20 ppm PCBs. A pooled sample of six ivers
collected east of Gary, Indiana, had 05 ppm
PCBs, and a pooled sample of mx Livers taken from
pheasants in Benton Couoty, Indiana, had 1.5
ppm PCBa.

These relatively low levels in Livers of wid
pheasania taken both from industrial aress and
rural areas indicate these pheasants were probably
exposed Lo amall amounts of PCBa. Prestt et al.
(18) found that remdue levels ;m birds 1n Britain
were related to their food habits. They found the
moat PCBs in livers of [resh-water fish-esting
hirds {up to about 900 ppm); bird-feeding raptora
had up to 70 ppm; birds which eat mammals had
up to 50 ppm, birds with a ruxed diet of mammals,
birda, and carrion had up to 13 ppm; and those
which eat insects had 0~1 ppm.

Summary aed Conclusions

PCBa given to laying pheasant hens adversely
affected eogg production, hatchability, and
vigbility of the embryo sbout the time of hatching
but did not affert fertihity or egguirell thickness.
The chef eflecta on reproduction occurred through
the PCB» taken in by the hen, not by the cock.

100

A subtle effect on behsvior was indicsted
studies on the visual ciiff and of the ability ;
offspring 4o avoid hand capture These behavion
effects have been reported for hirds with 4
chlorine insecticides and could be deleteriouy io s
wild species, in that ingtinctave pattems neceasggn
for survival are involved Behavioral difference;
may be affected through PCB admumstration 4
the cock as well as through the hen, as shown by
the study of hand catching, this implies that the
effect is, though unexpimined as to mechansy
more than through the physical presence of uv.e'
PCBa 1n the egg-yolk lipids The presence o
PCBa in egg lipids is probably responsible {or the
observed effect of increased mortality 1 young
during the first 6 weeka of lfe, and 10 & possibie
depression of weight 8t 6 weeks of age Only easly
survival of chicks was affected, as no effect wa
noted in survival from 6 weeks of age through the
fall Sex ratios of young pheasants sur iving 1o the
fall showed an expected 50:50 distribution, thus
PCBe did not affect the survival of one sex more
than another.

Large doses of PCBs, 210 mg daily, effected
loss of appetite, but lesser doses tested did not
affect feed consumption until just prior te death,
The death of birds given PCBs was not sttn.
butable to the starvation that occurred in the few
deys prior to death, because birds dyving from
PCBs did not lose as much weight as bnrds wiuch
were naot given PCBs but were starved Further,
starved birds did not show the histopathologic
effecta obeerved 1n PCB-treated birds such aa
degeneration of liver cord cells and depletion of
lymphatic nodules in the spleen.

PCBs were (1) rapidly and readily absorbed
into the pheasant’s body, (2) stored in the hpd
fraction, and (3) excreted slowly n feces and egge.
Lxcretion via the egg may be an important means
of ndding the body of PCBs for the hen, Lut the
PCBs in the egg yolk lipd may be dangerous for
the offapring because of altered behavior and
lowered survival bath of the embryo and hatched
young.

Brain tissue may be 8 valuable mdicator of
PCB toxicoms, leveis of 300-400 ppm or more
were sassociated with death due to PCBs Marked
splenic strophy was the most consistent char-
actenstic noted among several organ parameters
checked b birds that died from PCBs Enlarged
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pdneys and livers were also useful characters in
sempung to diagnose PCB toxicosis.

PCBs and dieldrin were not, when combined,
apergetic 10 their joiot toxicity to pheasants,
"Lvers from wild pheasants collected i Penn-
ahanm, Indiene, and South Dakota, did not
aceed 2 ppm PCBs, indicating relatively low-
el contamunation.
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Embryonic Mortality and Chromosomal

Environmental Health Perspectives

Alterations Caused by Aroclor 1254 in

Ring Doves

by Dawid B. Peakall, Ph.D., Jeffery L. Lincer, M.S.* and

stephen E. Bloom, Ph.D.+

The breeding success of Ring Doves (Strep-
iopelia risorwr) fed Aroclor 1254 at 10 ppm was
determuned over two generations. Six pairs of
byds were fed PCBa for three months, then
allowed to incubate their clutch of two eggs
Eggs were then collected again for six months, at
which time the birds were ajlowed to mncubate
snother clutch Results are given in Table 1
The jow-hatching succeas of the second generation
was due to heavy embryonic mortality. The age
of embryonic death vuned considerably but was
mainly in the range of 3-8 days. This finding is at
vanance with that of Scott et al. (1), who found &
sgmhcant decrease in hatchability of chicken
eggs 10 the firat generation with 10 ppm Aroclor
1248 for eight weeks and almost comnplete failure
at both four and eight weeks at 20 ppm Aroclor
1248. In thia case mortality occurred mmediately
before hatching.

Eggshell thinning was not obeerved in erther
the first or second generation (2, 3). This 18 in
agreement with the findings of Dshigren and
Linder (4) for the phessant (Phananus colchicus)
and Heath et al. (5) for the Mallard (Anas
platyrhynchos).

Cytogenetic studies were performed on 24 dove
embryos at 3-0 days of incubation. Six embryos
were from dove pairs not fed PCBs (control),
17 embryos were from PCB-fed (10 ppm in diet}

pairs and one embryo was irradiated with 155
* Section of Comell
Univermty
{ Department of Poultry Science, Cornell Univermity,
Tthaca, New York 14850

Ecology and Systematics,
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X-rays (positive control). Relative frequencies of
chromosome aberrations (aneuploidy, polyploudy,
breakage, rearrangements) were recorded for the
largest 8 chromosome pairs occurring in metaphase
cells of allantoic sac and limb bud ongin An
averages of 353 metaphases were examined per
embryo. In control and PCB-treated groups
primartly chromatid, some isochromatid and 1
rearrangement was obeerved Mean aberration
rates were as follows: control =0 8%, (range =
0-2 0%); PCB-treated =1.8%, (range =0-9 477),
positive control =180%, The chromosome re-
arrangement occurred in & PCB-treated embryo
13 of 17 PCB embryos had asberration rates
exceeding the mean control rate, and 4 PCB
embryos exceeded the hghest control rate with
frequencies of 2 4%, 2.6%, 3.19, and 9 49, These

Teble 1. Breeding success of Ring Doves fed 10 ppm

PCBs sver twe generations.
No of No of Nn of No of
purs  egm eggs  young

isid  hatched fledged

Pre-experiment 6 2¢ 22 22
1st generstion PCBs .} 24 24 24
2nd generation PCBs 6 204 4 200
2nd generation Control 6 24 22 2

* One par fajed to produce any eggs dunng the penod
of the expenment

** Fledging losses consiated of one young found outmde
the nest at vne day of sge and one deformed bird hilled
st the sge of three weeks
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Table 2. Organ levels, ppm, wet weight basis.

Muacle Braun Liver Fat
.
Pre-strest (n=4) 81423 55x1 8 15 3212 6 A6 12211 6
(4 1-9 9) 4 B-8 0 {3 627 5) {481 21069 45
Post-streas (n=5) 172 9438 3 293 027 6 1118267 b
(120 0227 ©0) (254 0340 2) (947 3— 1688 ©)

Figures are means, astendard deviatione, and range
*** No fal present

remiits are mdicative of a poseible clastogenic
(chromosome breaking) action of PCBs m dove
embryos. Further studies are warranted to define
more precizely the conditions under which PCBs
might be mutagenic, clastogemic and posaibly
teratogenic {0 avian and mammahan embryos
Residue analyms on eggs iuid at various times
from the start of the experiment showed that the
ievels increased for three months when an approxi-
mately steady level of 50 ppm {dry weight) was
reached (68), The second generation eggs had
ammilar levels; thua icreased embryonsc mortality
was not caused by increased levels of PCBs.
The most strikyng finding of the seabird “wreck”
in the Irish Sea in 1069 was the elevated concen-
tration of PCBs in the liver (7). In birds shot as
controls the concentration was only 0 4 ppm (wet
weight), whereas birds found dead had 40 ppm
i the liver In an attempt to evaluate these
findings, we subjected to stress five first generation
birds after they had been exposed to Aroclor
1254 1n their diet for mx months, The stress wea
applied by reducing the food intake severely so
that the birds lost approximately 109 bedy
weight per week. Control birds were also stressed
in a mmular manner No sigmficant difference waa
found 1n either the time to death nor i the weight
loas 10 death between controls and experimental
groupe, The organ levels of the first generation
tirds sacrificed at the end of the breeding exper:-
ment can be compared to organ levels after starva-
tion (Table 2). A masnive increase of levels as a
result of mobilisation of fat is clearly seen m all
tissues studied The fact that liver levels ranged

104

from 937-1688 ppm at the time of death strongls
suggests that the 40 ppm recorded in the hivers of
seabirds in the Irish Sea was not responsible for
the death of the seabirds

Increased occurrence of abnormat y oung in twg
species of tern has been reported from Long Islang
{8). In most cases, the levels of PCBs found m the
muscie tissue of these abnormal birds wers higher
than those found in adult Ring Doves during our
experiments. It is poamble that the chtomosoma!
aberrations noted in our study could be the cause
of these abormalitics
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Envirenmental Health Perspectives

Toxicology of PCBs for Mammals

and for Birds

by J. G. Vos*

Introduction

In the early days of its use, little work was done
on the toxicology of the PCBs, and this was only
i relation to the risks of occupational exposure
Az will be shown many more studies were made
a3 coon a8 1t appeared that the extremely stable
PCB’s becarne a threat to the environment and
its wildlife, and eccidents occurred of acute
powoning in rman and animals. These studies
have been made with matenal with different
contents of chlorine, from different manufacture,
and—as we can Dow ssy in retrospect—with
different and unknown contents of toxic im-
punties. For this reason the toxicological infor-
mation of PCB's is difficult to summarize, but
sinee the character of some important impurities
has recently been elucidated, it is well to discums
these first in order to be able to consider their
contribution to the overall toxicity of the dif-
ferent preparstions studied

These studies were started because of the
apalogy between the effecta of the PCBs (1-8)
and some toxic effects amociated with toxic
factors in crude chiorophenols and in “toxic
far”". Effects of the latter are liver damage (7),
chloracne (7,8) and edema formation (9).

Chemical, T and Patimlagical
Identification and Evaluation of Texic impurities in

Technical PCB Preparatiens

The first indieation of the presence of toxic
impurities was obtained in & comparison of the

* Institute of Veternnary Pathology and Institute of
Veterinary Pharmacology and Toxicology, State Uni-
vermiiy of Utrecht, The Netherlands
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toxicity of three commercial PCB samples (con-
taining 60% chlorine on the average). Phenoclor
DP6 (sample I), Clophen A60 (sample II) and
Aroclor 1260 (sample I1I) These three mixtures
showed 2 marked resemhlance 1n their gas chroma-
tograms and mass spectra (10) Ip this compara-
tive feeding test 10 one-day-old chicks (11}, it was
found that 1009, mortality, subcutaneous and
abdominal edema, and centrolobular liver necross
occured in only two groups (fed the samples [
end [I). Hydropericardium (Fig. 1), & common
effect of these two mixtures, was only occa-
sionally seen in the chicks fed the sample II1 The

Flouer 1, Hydroperieardium in a chick fad 400 ppm
of aample 1.
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Table 1. Mortality, and Pathologic Observations of Chicks Fed 400 ppm PCB for 60 Days.

Number of Number of Inrds with edems Number of
PCB sample N deaths hirds waith
Hydro- Abdominal Subcutsnecus  Liver necroms
peneardium
I 24 24 18 8 5 n
IT 22 22 20 '] 7 9
i 20 3 3 0 0 4]
Cantral 20 7] 0 0 0 o

mortality in this group was only 159 (Table 1)
The excretion of coproporphynn and protopor-
phyrin n the feces was increased Examination
of tigsues under Wood’s hght showed the presence
of red fluorescence indiceting porphyring in the
liver and other tissues of especially the birds that
died. This hepatic porphyria was found 1 all
three experimental groups.

In the subsequent study (12) by means of
column and gas-chromatography the presence
of rclatively more polar eompounds was demon-
strated in the 259 diethylether fraction of
aamples I and 1I. In & chick embryo assay (Table
2), the difference in toxicily between the three
samples was confirmed; the hgh toxicity of the
25%, diethylether fraction of sample I] is demon-
strated by the simularity between the mortality
levels in the group injected with 35 sample I1/
egg and the group injected with the 259, diethyl-
ether fraction from 3.5 mg sample 11/egg.

Mass spectrometric analyss rovealed that

Table . Chick-Embrye Assay of Three PCB samples
and the 35% Disthylethar Fraction from Sample If

Dose Number  Percentage
PCBeampie (mg/egg) of sggs hateh of

treated fertile eags
I 35 15 0
11 3.5 20 5
111 35 15 80

Fraction (rom

sample 11 35 15 0
36 15 7
0 35 15 02
0 035 15 100
Ethanol control [} €N 94
Untreated contro] —_ 20 90

106

identical chiorinated compounds were present
in the 25% diethylether fraction from samples |
and II but not in that from sample 111 They
included compounds with mase number 304 and
338. The proposed 1dentity of these compounds,
tetrachlorodilensofuran  and  pentachlorodi-
benzofuran, is indicated by the following chemi-
cal-analytical, pathological, and toxicological
data

From exact mass measuremen's 1t was found
that the {ormulae of these peaks were Cl, 080,
and CuHOMCly The formulae of the fragment
ions 24] and 275 were CnH.aC‘a and CHH;“C’.
From this data it can be concluded that the
parent jon has & preferential fragmentatjon for
the loss of a single CICO umit Mass spectra were
compared with the spectrum of & chick edema
factor 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin
The mass spectrum of this compound has & sirlar
fragmentation pattern, i1c. the loss of two sue-
cessive mass units of 63 suggests a loss of two
CICO units. With microcoulometnc analysis a
certain maximum level could be indicated. This
maximutn level was found to be five ppm of the
compound with mass number 338 in sample 11
and 20 ppm in sample I,

Polychlorinated dibensofurans are strong hepa-
totoxic and acnegenic compounds Tr- and tetrs-
chiorodibenzofurans in a single oral dose of 05 —
10 mg/kg caused severe and often lethal liver
Decrosis o rabhits (7,13), mnd application to the
ear resulted 1w chioracne. Tetrachiorodibenzo-
dioxin was about IQ times more toxic (7) In-
jection of the 259, diethylether fraction obtained
from 35 mg sample I into the aircell resulted
in 100% mortality {Table 2) It can be calculaicd
that the maximum dosc/egg s 02 wg pents-
chlorodibenzofuran (taking five ppm sa the ma-
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mum value). This confirms the order of toxicity
found by Higginbotham et al (9) i the case of
chloro-dhbenzodioxins Tetra and pentachlori-
dibengofurans were considered responsible for
the higher toxicity of samples | and 11

Confirmation 18 also obtained from the sub-
sequent comparative toxicity study in rabbits
(14) Again samples I and 11 were more toxic; the
iiver and skin lesions were morc severe Por-
phyna, especially of the liver, was present in all
three groups {Fig 2} A remarkable finding was
the intense red fluorescence of small foei inside
hepatic cells They probably represent nucler. This
was confirmed in an additional cell culture expen-
ment with the Aroclor sample sand with 2,4,5,-
2’4’ 5'-hexachlorobipheny! (This experiment was
carried out by my colieague Dr J. G Wit of the
Biochemucal Section ).

Application of the 259, diethylether fraction
on the skin of rabbits resulted also 10 differences
in toxicity (Fig. 3). So the presence of the hepato-
toxic and acnegenic polychiornated dibenzofurans
as Impurities in samples 1 and I was found to
be established.

Iu another experiment (13), the toxicity of the
Aroclor (609, CI) sampie was compared with the

toxeity of 2,4,5,2',4",5-hexachlorobiphenyl
From the increased fecal excretion of copropor-
phyrin in both expenmental groups (Table 3), 1t
18 very likely that PCBs themselves are responsible
for the porphyrogenic action of crudec preparn-
tions. From the presence of slight skin lesions
induced by 2,4,5,2',4',5%hexachlorobiphenyl
when compared with the Aroclor sample, 1t can
be concluded that the major acnegenic action of
crude mixtures comes from & possible contamina-
tion with chlormated dibenzofurans It can also
be concluded that PCBs themselves have a
shght acnegenic action. Liver damage was es-
sentially the same after treatment with both
2,4,5,2' 4’ 5 -hexachlorobiphenyl and the
Aroclor mixture The conclusion that the Liver
mjury, caused by crude preparations, s pre-
dominantly due to the contaminants, 18 based
on the differences in liver toxicity between the
three PCB preparations {11,14)

The probable contribution of polychlorinated
dibenzofuran (PCF) and pure polychlorinated
biphenyl (PCBs) in the touaty of crude prepara-
11008 1s summarized 1n Table 4 A proper evalua-
tion of toxicity dats and residue data can be
hindered by the possibility that PCB samples may

Ficuac 2, Flyorescence of porphynne under ultraviolet light in livers from rabbits treated with 60% chionnated PCB's,
1, Aroclor, 2, Clophen, 3, Phenoclor, snd 4, Control hiver (14},

April 1972
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Fioune 3. Response of the inmde of the rabbit's ear sfter topical application of the 25% diethylether fractions from tech-
nical PCB's Haemotoxyhn and eomn. >80. (s) Skin of control animal treated wath ethanol Note the haur follicle
st 1, seabaceous giand Lasue at 2, and cartlage st 3. (b). Ear sian of the animal treated with the {raction from sample
III Some hyperplsma and hyperkerstoms of the follicular epithehium can be seen (¢} Ear skin of the rabbit trented
with the fraction from sample II Considersble hyperpissis and hyperkeratoms of the folhcular epithehum (d) Ear
skin of the rabbit treatod with the [raction from sampie I Part of a section that shows the moat severe lemon The
gravity of the responee was in general the same as seen in (¢) Note the cystec dilsted haur follicle with prominent
hyperplamsa and hyperkeratome of ths folhcuiar and epidermal epithelium (14)
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difier m an umportant respect: the presence of
tone mpurities The poasibibity of distingushing
perween the effects of PCBs and their impunties
an be further improved by usitg pure womers
mth known positions of the chlonne atoms,

wortality, Liver Effects, Edema Formation and Other
Effacts

These data, as presented by different authors,
are summarized 10 Tableg 5, 6, and 7. As can be
secn in Table 5, the acute and subacute toxicity
data of PCB's are poor The established values
sre mgh. Semichrome oral toxicity studies are
summarized in Table 6 Dermal and inhalation
gtudics are given ip Table 7

Table 3. Coproporphyrin Contents (ug/g Dry Weight)
of Feces of Rabbits Treated with PCB for 4 wecks,

and of Controls.*
2,4.5, 7,4, 6-Hexnchiorobiphenyl  Aroelor  Control
(804 Ty
450 241 45
62 50 a7
208 04 38
30 8 18 0 335
Mean 27 O 1R @+ 38

« Figures are the contents of feces, collected from the
eecum of the individus} agunals.
' Sugmificantly different from controls, P <0 025

It i# very probable that the results of these
studies may have been influenced by the presence
of polychlorodibenzofurans or other toxic im-
purities. For example, in the study of Rehfeld
et al. (23) general edems was already found o
chicks fed 30 ppm Arocler 489, Cl, whie
Kcghansaws and co-workers (22) noted edema
formation at the 100 ppm level of another 487,
chlorinated mixture. Mortality in the latter
study was also lower (Table 6).

Liver Effects

The most mportant liver effects, summarized
in Tables 5, 8, and 7, are weight increase, fatty
degeneration, hyalin degeneration snd necroas
Increased liver weights, as noted in several studies,

Table 4. Probable Contribution of Polychlorinated
Dibenzofuran {PCF) and Pure Polychlorinsted
Bipbenyl (PC3H) in the Toxicity of Crude

PCB Mixtures,
Chior- Edema Liver Hepatic
scne  forma- damage porphyrs
tion
Polychlormnated
++ ++  ++ -
Dibensofyran
Polychlonnated
+ - + ++
Biphenyl

Tahle 5. Acute and Subacute Oral Toxicity Studies of FCB Preparations.

Preparation Animal Treatment Mortalty Liver effects Rafersuncm
Unknown Mouse sngle dose of LD50 {16}
approx 2000 mg/kg
Arodar 84% Cl Rat singie doee of 4% Increase of weight and an
500 mg/kg hpd; potentustion of
CCL toxueny
Aroclor 42, 54, 80, and Mallard single dowe of 0%, (18)
88% Cl1 2000 mg/kg
42% Cl Rat 20 daily doses of 0% n 3 Hyalin bodies 1n liver colls (19)
138 mg maonths
427 Cl Gumes pig 2 doses of 89 mg 1009 between Fatty metamorphoss, (19)
1| week spart 1! and 29 central utrophy
days
85% Cl Rat 6 dauly doses of T0% 1n 14 Intrease of waight; cell {20)
300 mg days awelling* hyalin
ETanules
Aprii 1972 109
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Table 6. Semichronic Oral Toxicity Studies of PCE Preparations.

Animal

Trestment

Mortality

Laver effects

Prepa- Other effecty Reler
nt'on ’;mres
657, Cl Rat Doser of 50 me M0, 1n 5 weeks 3465 weight increase, e
every second celi swelhing,
dey hyalin gichules
487, " Cyno- From 641 mg not given Enlargement, SER  Mam cause of denth (2]
molgus 40 dayn Lo 348 proliferation PREWmOnIn vy
monkey mg i 239 dave dwrrhen
487, ClI  Squirrel From 320 mg i1 not given Enlsrgement, SER ~ Muin cause of death (21,
monkey 40 daya to 87 proliferation phReumoma or
mg 1n 4B dsys SER proliferation diarthea, paipe-
bral edema 1y
! animal
487, Cl  Mouse Dauly doses of oe, Enlargement, SER  Sian loss of haur, (2
0001 m} for prolferation erosion and
13 to 26 weeks RER reduction, ulceration after
myel:n figures; 3 monthe
increase of micro-
hodies, 1ysosomen
and Lipwd
Aroefor  Chicken 100, 200, 400, and 0, 0, 50, 90, and Enlargement; Edema formation %
429 C) and 1000 ppm 007, respectively damage st the from 200 pprw; at
in diet for bigher levels high levels internal
4 weeks haesmorrhage and
tubular ilatation
10 Ridneys
Aroelor  Chicken 200 and 400 ppm O and 129 Pronounced edema {8
4250 Cl n det for respectively »t 400 ppm, en-
3 weaks larged kidneys,
smail spleen,
defeathenng and
dermatitis
485 Cl Chicken 1 5, 10, 25, 50, 07, from 1 to 100 Edema formation {20
100. 300, 800, ppm; 100, from 100 ppim |evel
1200, 2400, and the 100 ppm level
4800 ppm in
duet for 20 dayw
Aroclor  Chicken 10, 20, 30, 50, 300, Alter 3 weeks: 0, 0, Enlargement General edema and ZH
#,C ignd 150 ppr i 30,30 and 207;; depresmion of the
dset for 4 5-5 at theend 0, 0, secondery sexual
waeks 80, 80, and 80%; characieristics
respectively from the 30 ppm
ievel
Aroclor  Chucken 250 and 150 ppm 250 ppm 100°% be- 500 ppm at end {(24)
% Q1 1 diet for 8 to tween 3 and 10 comb weights 20-
13 weeks weeks; 500 npm fold and testes
some mortality at werghts 2-fold
the end lower than controls
Aroclor  Bengalese  Estimated dose 507 Hydropericardium (25)
5M%h Cl finch rate st 56 days 10 some birds
of 254 mg/kg/
dsy
Phenoclor  Japanese 2000 ppmm in et 1009 between 6 and Hydropencardium (1)
807, C1  quail 55 davs
110 Environmental Heslth Perspectives
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Table 7. Dermal Tozxicity and Inhalation Studies of PCB Preparations.

Prepa- Animal Treatment Mortality Liver effects Skin effecta Refer-
raton ences
24 C! Gumneapig 11 dauly skin 100% between 11 Fat, central atro- Occasional thicken- (1w
npplications of and 21 days phy, pennuclear ing of the
34 5mg basophilic granu- epidarmte
Iation, {ocal
necrosis 1o a few
anumsls
427 Cl Rablit Slan appheation  100% belween 17 Fatty degeneration; Thinning of prickle {19
at alternate and 98 days central atrophy cell layer and
days, total dose tuckenmng of
fromm 946 to outer cornified
1980 mg layers
Aroclar  Rabhit Daily skin apph-  High dose died be-  Moderste doses: Raddening, fortma- (26)
cations of 0 3, fore Liver necroms mottled jiver, nub- tion of small
06, and 0.9 g developed acute yellow papules and
atrophy, {atty bimters, finally
degeneration, and desquamatiin of
marked necrosis external epidermal
inyers
Aroclor  Rat Inhslavion of 0% Pale and yellow, {20)
a5, Cl 0 57 mg/cubic cell swelling,
meter for 16 hyaln degenera-
hours for 37 to tion; potentiation
134 days of CClL and

CHOH tomoity

are well expluned by the proliferation of smocth
surfaced imembranes of the endoplasmic reticu-
lun: (SER) as was found by Nishizumi (21) in
nuce and monkeys and by Norback and Allen
{27) 1 ratr The latter workers found s prolifera-
tion of the SER in rats fed PCB for 1 to 5 weeks,
Concomitant with the structural changes, the
activities of measured drug metabolizing enzymes
{mitroreductase and aromatic hydroxylase) were
increased The induced level of drug metabolising
uctivity persisted as the proliferation of the SER
decreased and concentric arrays pervaded the
cytoplasmic retienlum (27). These concentric
membrane arrays, probably representing the
hyalin bodies described by Bennet et al (20}
and Miller (10), could bhave an enzymatic func-
tion mrailar to that sssociated with the SER (27}

Similar formations, the so-called myelin fig-
ures, were demonstrated 1n mouse liver by
clectron microscopy; 1o monkey liver they were
not found (21). In both mouse and monkey hiver
a proliferation of the SBER waa found. In our
comparative dermal toxicity study {15) in rabbits

April 1972

with 2,4,5 2" 4’ 5 hexachlorobipheny! snd
Arocior (609, Cl), the light microscopic Andings
included necrosis, hydropic degeneration (Figs. 4
and 5) as well as & peripheral and perinuclear
shift of cell organelles (Fig. 5) nnd focal cyto-
plasmic hyalinization. In electron microscopy, the
shift was found to be due to & proliferation of the
SER resulting in & displacement of rough surfaced
membranes (RER) and mitochondria. The focal
cytoplasmic hyalin degeneration, often seen in
hydropic cells, was recognized as tightly packed
tubules of proliferated SBER (Fig 6) This very
probably represents hypertrophic, hypoactive
BER,

Subiethal effects caused by tnduction of hepatic
enzymes have been noted by several authors
Increased steroid metabolism in pigeon hiver
homogenates has been demonstrated by
Ristbrough et al. (28) Lincer and Peakall {29)
confirmed the effect of PCB on the hormone
metabolism in birds at very low dose levels They
fed kestrels for 5 months with Aroclor 549, and
627, Cl at levels of 0.5 and 5.0 ppm. The higher

111
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Fiouxe ¢, Liver damsge in » killed rabbit treated with 120 mg Aroclor (609, C1), 5 times per week, for 28 day> Note the
ocentrolobular necroais (1) and the hydropic cells (2) at the marpn of the necrotic and vital Yyssue Haemoloayhn snd
somn. X150,

Fiooms 5(a} Liver cells of & control rabbit Clear sreay may represent negative images of glycogen (atrow) Toluidine
blue, X040 (b) Laver cells of an Aroclor trested killed rabtut Note the hydropic cells {1} and the pennuciesr and
penpheral displacement of ceil organelles with sometimes hyslin foc: (2) inside hepatic cells Toludine blue > 440
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Fistae 8 [{vdropic liver cells from the same amma! 48 seen in Figurs 5b showing s large number of vacuoies (V) and
s penivacuplar localization of mtochondris {(srrow). Note the strong prolifersuon of the SER, consisung of tghtly
pecked tubules Uranyl acetate and lead citrate, X 55600,

dose being reughly equivalent to 2 mg/kg PCBs
1o each kestrel. A dose dependent in vitro break-
down of estradiol to a more polar metabalite
occurred 1n the hiverw from kestrels fed either
Arotlor 1254 or Aroclor 1262. No such conversion
took place m the Livers of the control birds The
ierease n hepatie enryme activity correlated
with en increase in cytoplasmic RNA, as was
measured cytophotometrically. A shortened sleep-
g ime after treatment with hexobarbital, and
enhanced in vitro rates of aniline hydroxylation
snd p-mitroamsole demethylations were demon-
strated by Street and coworkers (30). These
suthors aiso found an incresse of these effects
with increasing chlorne content of the different
PCB preparations (Aroclor 21 to 88%; Cl).

Ustig epzyme induction as parameter, no-

April 1972

effect levels of some PCB preparations were
established in the rabbit, rat, and Japanese quail,
Oral administration of Aroclor 219 Cl and 549,
Cl (1,0 and 10 mg/kg) for 28 days to pregnant
rabbits resulted in lver enlargement and in-
creased activities of the drug metabolizing en-
zymes aniline hydroxylase and aminopynne
n-demethylase at the 10 mg/kg level of the 5497
chlorinated Aroclor. The no-effect level for enzyme
induction in the pregnant rabbit appeared to lLie
between 1.0 and 10 mg/kg i the case of Aroclor
5497, CJ, and higher than 10 mg,/ kg for Aroclor
21% CL(31).

Another parameter for enzyme induction was
used by Komatsu and Tanaka (32) They found
that the hexobarbital induced sleeping times in
rats were reduced by pretreatment with PCBs
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The minimal effective dose was 5 mg/kg for 3
days with Kanechlor 400 {489, C!) and 2 mg/kg
for 3 days with the higher chlornnated Kanechior
500. The porphyrogemic action of PCBs waa
further evaluated in a study with Japanese quail
(33). The results (Tsabile 8) ndicate that the
hepatic porphyria 18 closely associated with an
increase of mitochondnal ALA synthase activity.
A sigmficantly increased activity of this enzyme
was already noted after admumatration of daily
doses of 1 mg/kg Aroclor 609 C! for 1 week.
Mean PCB content of the liver at that dose was
141 ppm A less senaitive parameter 18 tissue
fuorescence due to excess quantities of porphyrios
Liver fluoreacence was only seen at the 100 mg/kg
level. It develops, probably, only n animsls
showing clinical aymptoms, such as loss of weight.
A mmilar finding was done in the prior experi-
ment with chickens (11).

Edema Formation

The most striking finding in birds 18 the ac-
cumulation of fluid. The pathogenesis of the
edema formation is discussed by Flick and co-
workers (8} The primary site of the edema caus-
ing factor could be the heart by increasing the
permeability of the vasculur bed, leading to
cardiac congestion. Pulmonary edeme could be
the result of thc cardiac congestion. The pul-
monary edema might be followed by a Bow of
fuid into abdominal and subcutaneous air sacs.
Decreased serum protein values (34) could also
contnbute to the edeme formation. Liver damage

can be responsible for reduced serum albumun
levels

As mentioned in Table 4, the edema formatjon
18 probably due to the presence of palyehlorog.
bensofurans. In our study the edema formation
by the 602, chionnated Aroclor sample was
minunal at the 400 ppm level. As can be seep
in Table 6, chick edema-like lemons were noted
at low feeding levels and were cauced by lower
chlorinated Aroclors. Therefore the presence of
toxic impurities 1n these Aroclor eamples has to
be considered

Other Effects

An ipteraction of PCBe wath duck hepatitis
virue was found by Friend and Trmmner (35
Ten-dsy~old ducklings were fed a 549 chlornated
Aroclor mixture at levels of 25, 50 and 100 ppm.
The birds suffered no apparent clinieal 1ntoxica.
tions. Five days later they were challenged with
duck hepatitis virus, and they suffered sigmfi-
cantly higher mortality than birds which were
not exposed Lo PCBa.

Effects of PCBs on the lymphod system were
noted in some studies. Feeding of PCBs to chick-
ens resuited in small spiesns (8,11) Lymphopeniz.
strophy of the cortex of the thymus, and & re-
duction in the number of germinal! centers i
spleen and lymph nodes was found in rabbits
(14). Therefore, an nmunosuppressive action
could be present. In an experiment with guinea
pigs, this was established (36) Feeding of 10
ppm Aroclor 80%; Cl, for & weeks resulted m a

Tabie 8. Formation of 3« Amincevulinic Acid by Liver Mitochondris, Liver Residues, and Tissue Fluorescence
In Female Japancee Quuil Orally Desed with PCB for Seven Days.

Araclor (609, Ch) ALA formed (mu moles PCDB content liver

Tissue fluorescence incidence

{mg/kg body weight) ALA /g liver/hr) {ppm} Macroscopic Microscopic
{Liver)
0 B 4B:1 64 0 18 0/5 0/5
01 8 764 08 0 450 27 /5 0/5
1 10 801 21 1 410 67 0/5 0/5
19 17 3840 27 09 4 /5 0/5
100 119 g 4784204 LY 2/3
+ Miean vailues 8D, § birds per group
» Sagmficantly different from controls, P00,
* Pooled samples '
t
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Fioune 7 Representative areas of tetanus toxowd stimulated poplitest lymph nodes of guines pigs {a} Large number of
antibody forming ceils 10 & control animal (b) Reduced number of antibody formung cells in an aoymal fed 10 ppm
Aroclor (8077 C1) for 8 weeks Lurect fluorescent antibody techmugque Cryostat sections X 375. (36)
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decrensed number of antibody-forming cells in
the popltes! lymph node, after stimulation of
the humoral lymphoid system with tetanus toxeid
(Fig 7). This suppression may explain the
higher senmitivity of PCB-fed ducklings for duck
hepatitis virus (35) In & comparative toxicity
study in guines pigs, an ndicstion for an effect
of PCB (Clopben and Aroclor 60%; CI) on the
cell-mediated immunity was obtained. Feeding
of these muxtures at 50 ppm levels for 6 weeks
resulted 1n & decreased number of circulating
lymphorytes (unpublished data).

An estrogenic activity of PCBa (Aroclor 21-487%,
Cl) was demonstrated by Bitman and Cecal (37),
The estrogenic activity was evsluated using the
18-hr glycogen response of the mmmature rat
uterus eiter a single subcutaneous injection. The
minimum effective dose was 8 mg. The higher
chlonnated PCB mixtures were inactive at the
8 mg level In the above mentioned subacute
feeding study of 609, chlormsted mixtures in
guinee pigs, we found significantly increased
uterus weights in the PCB treated animsls, Both
increased steroid metabolism, aa mentioned by
Rehfeld and coworkers (23), and the estrogenic
activity could be responsible for the depression
of secondary sexusl characteristica (decreased
development of comb and watiles} noted in
cockerels (24).

Administration of Aroclor (549, CI) at levels
of 12 5, 25, and 50 mg/kg body weight during the
first 28 daye of geatation had embryotoxic effects
in the rabbit (31) Edema and beak deformities
i chicken embryos have been deacribed after
yolk-sac injection of 10 and 25 mg 42%; chlori-
nated Aroclor, resulting b respectively 95 and
100% embryonic mortality (38).

An effect of PCB on the pervous system was
noted by Ogawa (39). Oral administration of
PCB (0.3-0.5 mi/kg/day) to rats for 14 or 21
days, resalted in marked or moderately impaired
motor {unction, decreased motor conduction
velocity and lose of large nerve fibres. He con-
cluded that PCB caused neuropathy in rats.

Cenclusion

Because of the possible presence of poly-
chiorinated dibensofurans (PCF) or other toxic
impurities n crude PCB preparations, it is

116

difficult to interpret many of the toxicitv stydies
Pure samples are required for comparatine 1.
vestigations Also the fate of the toxic impurstie
m the environment has to be determined As
presented here, PCBs have several subletha)
effects, such as microsomal enzyme nduction,
porphyrogentc action, estrogenit actiinty, and
immunosuppression Since porphyria seems to
be an effert of PCBs themselves and not from
PCF, the induction of ALA synthase couid be
used as criterion in the approxmmation of a no-
effect level (at least for the 607, chlorime type
of PCBs) The no-effect level could he about 01
mg/kg (mean PCB content of the hver in Japa-
nese quail about 0.2 ppm} This 13 10 the same
order of magmitude as found m the other studies
Additional research 13 needed to determine fylly
the significance of these sublethal eflects. More-
over, chronic and reproduction studies are neces.
aary. The present results also make clear that
manufacture of commercisl PCB mixtures that
are free from umpurities ;s urgently requested
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Epidemiologic Study on Yusho, a Poisoning
Caused by Ingestion of Rice Qil

Environmental Health Perapectives

Contaminated with 2 Commercial Brand of
Polychlorinated Biphenyls

by Masanori Kuratsune, Takesumi Yoshimura, Junichi Matsuzaka,

and Atsuko Yamaguchi

In October, 1968, an cpidermic of a peculiar
siin disesse sumilar to chloracne was reported in
Fukuoka-Ken {Fukuoka prefecture}, Japan. The
epdermc was later proved to have spread not
only over Fukuoka-Ken but also over 20 other
prefectures in the western part of Japan (Fig 1)
it produced 1,057 patients according to the latest
tabulation {August, 1971) by the Ministry of
Welfare.

Soon after the epidemic was announced, a
study group was orgamszed by the staff of the
facultics of medicine, pharmaceutical sciences,
agnculture, and engmeering of the Kyushu
University and by the staff of the local health
departments, to clarify the cause of the epidemic
and to effectuate 1ts control (1). We participated
10 the study group and conducted, as inembers of
its epidemiologic study subgroup, an extensive
emdemiologic investigation following the basic
methodology of epidemiology (2) Fortunately,
the cause of the epidemic was soon demonstrated
to be the ingestion of & brand of rice oil contami-
nated with a commercial brand of polychlon-
nated biphenyls, and the disesse was calied
“Yuaho'', namely oil disease.

Although our observations and experiences are
confined to the Yusho patients seen in Fukuoka-
Ken, we behieve that reporting of them will help
many people 1 the world who are deeply con-

* Prepared by Department of Public Health, Faculty of
Medicine, Kyushu University, Fukuoka, Japan

April 1972

cerned about the chronic deleterious effects cf
PCBs Tl outline of our findings will, therefore,
be presented, referring in addition to some other
important observations reported by the clinical
and chemieal study subgroups of the Yusho study
group and to those collected from other sources.

Clinical Symptoms
The most common initial symploms experi-

/

Fiause | Number of patients with Yushe by prefecture
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Tsble 1. Injtial symptoms Goto et al.

Patients
Tnitial symptoms No L
Swelling of upper eyehds, mmcreased
eye dimcharge 52 38 3
Acne-form eruption, folbeular
acceniuslion 45 33
Edematous swelling ol kmbs 9 86
Languwhment 4 z9
Dinturbances in digeative canal q 24
Numbness and other nsurclogical
L7 4,11 9 66
Pixmentauion of skin 13 98
Total 136 100 0

enced by 136 patients with Yusho were jncreased
eye discharge and sweling of upper eyehds
(38.3%), followed by acne-form eruption and
follicular accentuation (33 19%), and pigments-
tion of the skin (@ 8%) (3) (Table 1} With others
which appeared later, the subjective symptoms
of Yusho as stated by 188 patients diagnosed up
to October 31, 1068, are summarized n Table 2.
Dark brown pigmentation of nals snd skin,
follicular accentusation, acpe-form eruption, in-
creased eye discharge, incressed sweating at
palms, and feeling of weakness were the most
notable symptoms (2)

Descriptive Epidemiclogic Studies

Firet, 325 petients seen in Fukuoka-Ken from
October, 1968, to Jenuary, 1960, were analyszed
in order to know their distribution charactenstics,
Ope of the most important characteristics readily
noted was & distinct familiar aggregation. The
325 patients belonged to 112 families. As shown
in Fag. 2 and Table 3, 99 percent of these patients
were affected during 1968, while the remaining
stated that they became il ip December, 1967
Fifty-five percent of the paticnits were concen-
trated in the 3 months from June to August, and
no wignificant difference was noted between gexes
1n monthly distnibution (Table 3) For geographi-
cal distribution of the patients, crude imncidence
rates of Yusho were calculated for 3 large cities
and for the jurisdictionsl mreas of the 22 jocal
heslth departments of Fukuoka-Ken. Excepting
10 health departments where no cases of Yusho

120

were reported, the rates vaned considerabiy from
10 to 589 per 100,000 Examinntion of gy
geographical distnbution failed 1o indicate ap
COIMMON BOCIORCONOIIC ©F envirnhmental fgetor
which might be associated with the disease T,
325 patients conmsted of 138 muwles and 1§
females, indicating that both sexes were eyually
affected More than 90 percent of them wer
younger than 50 ycars (Table 4} Age- and <.
specific incidence rates again indicated no sy
nibicant sex difference but lower ricks for both
males and females in the age group over 60 years
(Tabic 5)

Analytical Epidemiologic Studies

When our study started, s commercial brand
of rjce oil produced by K company {abbreviated
a8 K nce o) i HitakyushuShy (Iitakyushy
aity), Fukuoka-Ken, had veguely been suspected
as 8 possible cause of the disease, because most
patients with Yusho seemed (0 have used it

Table 2. Percent distribution of symptoms of Yusho
reported by 189 patients examined before October 31,
1968.

Symptoma Miales  Femaler
(N=8Y) {Nei0)}

Dark brown pigmentation of natis 831 750
Dastinctive hair follicles 64 0 56 0
Increased awesting at palms 50 6 55 0
Acnelike skin eruptions 87 8 B2 0
Bed plaques on limbs 202 160
Itching 427 520
Pigmentation of akin 753 720
BSwelhng of himbs 202 410
Stiffened soles (0 (eet ahd paims

of hands 247 200
Pygmented mycoys membrane 56 2 it
Increased eye discharge 88 8 Kt O
Hyperemia of conjunctiva 70 8 Lo
Transent visual disturbancs 56 2 550
Jaundice ile 10
Bweiling of upper eyelide 719 ™0
Feeling of weaknese 58 4 520
Numbness in imbs 324 390
Fever 16 % 100
Heanng difficulties 18 0 JALI
Spasm of imbm 70 &0
Headache 303 309
Yomting 236 28 0
Dharrhea 191 17 0
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Figrrs 2 Dmstnbution of patients by sex and month
when aymptuins appeared,

Therefore, a thorough investigation was under-
taken to determine whether the patients had
actually taken such special brand of o1l before
being affected, Thie was achieved by examining
ot numbers appearing on the remaiung con-
tainers of the ojl used by some of the patients,
shipping records of K compsny, and purchase
and sale records at wholessle oil dealers’ offices
and at retail stores It was sanon disclosed tiiat

all the patients had used K rice ail, either canned
(16.5 kg) or bottled (165 kg) Furthermore, an
astonishing fact became evident. No msttar
where they lived, 166 of 170 patients who used
only the canned K rice ol had used & very specific
ou, produced or shipped by the company on
February 5 and 6, 1968 (Table 8). For those who
used bottled K rice oil, date of production or
shipment could not be confirmed, because they
had no oid bottles at home, Examination of all
available records concerning shipping, sale, and
purchase at K company, wholesale dealers and
retnil stores, however, clearly indicated a pos-
sibility that 143 of 155 patients who used bottled
K rice oil only had used a very specific nce ail
produced or shipped from February 5 to 15,
1968. This was because such oil had been shipped
to and had reached the retail atores from which
they had purchased their oil (Table 6). Thus,
nearly all of the patients had had a very peculiar
common experience of use or possible use of a
rice ol produced or shipped by one company in
a specific period of time An attack rate as high
as 63.9 percent was noted for those who con-
sumed the specific canned oil,

In an additional survey, we examined whether
those who regularly used K rice o1, but did not
use the specific K rice oil preduced or shipped

Table 3. Distribution of patients with yusho diagnosed by January 20, 1969, by sex and month when symptoms

appeared.
Males Femalee Total
Month

Number Percent Number Percent Number Percent,
Before 1968 2 13 2 12 4 12

1968
January 0 (i} 0 0o 0 00
February 4 25 8 38 10 31
March 8 51 12 72 20 82
Apnil 15 95 10 60 25 77
May 18 11 4 15 90 32 10 2
June 23 148 a3 198 56 17 2
July 27 17 1 32 19 2 59 181
Augunt 4 215 30 180 o4 19 7
Septlember 17 108 12 72 28 89
October 8 51 14 B4 22 68
November 1 08 1 08 2 08
December 1 08 ¢ oo 1 03
Total 158 100 0 167 100 0 325 100 ¢

April 1972 - 121
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Table 4. Disteibution of 325 patlents with yushe disgnosed by Jenuary 20. 1969, by sex and age sroup

‘-_‘-—'-_'--
Mszles Females Total

Age group (years)
Number Percent Number Percent Number Perrent
(1] 37 23 4 27 15 2 64 197
16-19 38 24 1 28 16 8 86 203
M-8 28 17 7 15 218 84 19 7
-39 30 19 0 39 23 .4 69 22
4040 11 70 23 138 34 10§
50-59 9 57 11 848 20 62
60-69 4 25 3 18 7 13
70-79 1 06 g 0o l 03
Total 158 100 0 187 100 0 325 100 ¢

in the penod in question, were free of the disease
or not. A group of 113 persons of 29 households
hving 1n an apartment house had purchased
canned K rice oil as 8 unit from one dealer and
divided it among themselves fairly regularly
from December, 1967, to September, 1968, except
for the period from January to April, 1968, when
no bulk purchases were made. Their disease
experience m 1968 waa carefully explored through
investigation of their medical recorde at hospitale
and doctors’ offices. No case of Yusho was found
among them

Al these results suggested that Yusho was
caused by use of the I{ rice oil that was produced
or shipped from K company on February 5 and 6,
1968, or scon thereafter Neveriheless, sume other
factors or agents might have been the primary or
pecondury cause of the emdemic. Therefore two
case-control studies were done. In one, the per-

Table 5. Age-speciic incidence vates for Yusho, by

sonal! backgrounds of the patients and mgtched
controis were compared In the other, the um gf
ol and fats in the households of tlie patients and
the controls were compared.

121 patients and their 121 healthy controls,
{53 males and 68 females) matched by age, se,
and place of remidence to each of the patients,
were selected and asked 60 questions concerning
their occupations, medical background, general
health status, habits, customs, dwet, pets, and
other characteristics of their lines As shown w
Table 7, only one of the 60 personal factors
examined, namely habit of "eating fried foods
or tempura nearly every day’’, was significant]y
more commonly seen among the patients than
among the controls

In the latter case-contral study, 69 households
with Yusho patients were matched by piace of
reaidence with 207 control househoids without

Table 6, Rice oil used by Yusho patients.

sex of patients.
Spectfications of ol used
Incidence rates per 100,000 No
Age group (yeam) patients Type Date of production ar shipment
Males Femnalen
166 (51 1y Cannsd  February 5 and G, 1468

-0 114 88 4 (12 Canned Unknown

10-19 B g 86
1 10 3

xﬁg g 8 1Ny 143 (44 0) Bottled Unknown, but use nf ml shmpped
4049 54 82 fml: Fe;)rr;grgis to 15 10b8
50—, 72 18 ¥VETY apie,
oo_gg g ; 24 12 3 7) Bottied Unknown
70 und over 17 [V}

Total B3 B 1 325 (100 ©)
122 Environmental Health Perapectives
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Table 7. Results of case-coutrol study.

e —
ltemn investigated Cuares  Controls
% ‘o

urergre ter lish Lo 75
LHergn 10 fNMOIM 00 42
wlerue e other druge 75 66
Havng Puth [acihities a1 home B 7 RS 5
1abog Lintle everydny no 706
jisvng pets at home 18 3° a6 5°
[ivne m honxe smaller than 66 m*

flocr space 66 9 66 1
landhag »enicultural chemicals 25 66
Takung eedl Tiver ol 0 8 83
Takang vitamn pille 232 18 3
Taking other restorative drugs a1 735
Water aupply avalshie at home 81 3 T
Dining nut erecasionally 28 1 30 6
Diring 1he same menln with famibes 88 8 8 6
kat green vegetables daily 63 1 54 9
Drish milk nearly everydoy 90 90
Take hutter nearly everydav 224 24 0
EAl sggs nearly avervday 64 7 50 8
Eat {rned foods or tempura

nearly everyday »n 4 11 6°
Eal {nodr prepared with ol

nearly everyday 218 29 1
Eat fislt nearly everyday 21 8 1
Tnhr muvonnase nearly evervdny 10 8 108
Lat instant "rahmen’’ of chinese

niklle nearly everyday 108 100

fpclios

such patients A distinct difference was noted
between the two groups only for regular use of
rice-bran o1}, namely 96 percent of the patients’
househoids affirmed it while only 31 percent of
the control households did (Table 8). Thus, the
casc-control studies clearly indicated that none of
the {actora tested except use of X rice o1l could
account for the disesse,

Dose-Response Relationship

Te prove a causal relationship, a definite dose-
response relationship s needed A rough estimate
of the quantity of the speaific i rice o1l consumed
in each patient and his family members was made
disregarding their age, sex, amount of fuud intake,
and possible loss of o1l during and after cooking
{4) Esghty of the 146 users of the specific canned

April 1972

X rice o1l in question were believed to have con-
sumed, wndividually, less than 720 ml For these
80 hght users, the attack rate of Yusho was 88
percent, while for those who were estimated to
have used more than 720 ml, it wes 100 percent
(Table 9 It was also demonstiraled that the
proportion of severe cases of Yusho clearly in-
creased with the amount of oil consumed While
the clinical severity of the disease was not found
to differ significantly between the sexes, it did
differ considerably according to age, an ahown
in Table 10 and Fig 3. The proportion of severe
cases among those aged 13 to 29 way siguificantly
larger than that of other age-classes Therefore,
each of the three groups of users, with different
levels of oil intake, was standardized for age
using the age composition of the whole 146 users
as standard The figures, however, hardly changed
from those shown in Table 9, Thus, a clear dose-
response relationship could be demonstrated,
cven though the estimates of the dose were inac-
curate (4},

Toxic Agent

In view of all these epidemiologic observations,
we concluded that the K rice oil of specific pro-
duction or shipments had caused Yusho, Now,
why was the oil toxic? The chemical study sub-
group (chief- Prof H Tsukamoto, Faeulty of
Pharmaceutical Sciences, Kyushu University)
demonstrated that the canned K rice ail produced
or shipped on February 5, 1968, and used by
some of the patients contaimed about 2,000 to

Table 8. Results of case~control study on oils used.

Cases Controls
Fat or ol
No of ‘o No of <
households households

Butter 35 M7 105 57
Marganine 44 A3 R 127 }
Sesame ol 21 30 5 85 41 1
Rape-geed 0il 10 14 5 77 37 2
Rice-bran o1l 66 95 7 64 30 9
Lard 12 17 4 38 18 4
Othur oils 13 18 8 117 56 5

Cases 69 patient households

Controls 207 non-patient households

123
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Table 9. Reiatlon between the amount of the K rice oil used by patienta snd their clinical seventy

Y
Non-affected Light cases Severe cases Total
Amount of o] —
No. % No. % No % No @
T ————
Leas than 720 mi 10 {12 0) 39 (43 O 31 39 0) 80 10 M
720-1,440 mml 0 (0 Q) 14 3t m 31 (68 0) 45 100 1
More thas 1,440 mi D ({1 1)) 3 {14 O) 18 (RG 0} 21 (300 i

3,000 ppm of Kanechlor 400, (Kanegafuch
Chemical Industrial Co Ltd )} a brand of poiy-
chionpated biphenyls (chlorine content. 489%) (5)
In this discovery, Prof. K Jnagarm of the De-
partment of Food Technology, Faculty of Agsi-
culture, Kyushu Univermity, and his associates
made most sdmirable contributions as members
of the chemical study subgroup. The study
subgroup also demonstrated that the oil was not
contamipated with toxic agents such as Cu, MNi,
Zn, Co, As, Hg and Pentachlorophenol. Further-
more, it found that most of the components of
Karechlor 400, particuiarly those corresponding
te the peaks of hugher retention times in the
gae chromatograms, were retained in the sebum,
subcutaneous f{at, mesenterium, mesenteriolum,
extraperitoneal adipose tissue, appendix ver-
miformis, heart, sternal marrow, small intestine,
traches, and other organs of patients, and can
be tranaported into the fetus through the pla-
centa (5,68,7). To examine whether only the K
rice o produced or shipped in the period in
question was contaminsted with Kanechlor, the

chemical study subgroup analyzed 109 ssmples
of the bottled rice oil which had been shipped
between October, 1987, and October, 196§
Gas chromstographic analysis revesled that »
significant contamination of the bottled ol wae
limited only to those produced or shipped hetween
February 7 to 10, 1968 (5) No analvas could he
madc of the buttled K nce oil produced ar smpped
on February 5 and 6 because of the lack of samples
Similarly, 479 random samples of botiled K nee
ol were mnalyzed for chlorine content by the
X-ray fluorescence method with a count meter
Again, only the samples of February 7 to 10
contained a large amount of chlonne (maxmum
462 ppw). None of the ols shipped m athet
months were contaminated with more than a
trace amount of chlonne Thus, the results of
chemical studies completely coinaided with those
achieved by epidemiclogic approaches By the
way, the Kanechlor had been used at the K
Company in the equipment for heating the proc-
essed 0yl at a reduced pressure in order to remove
the odorous matters of the rice ol (Fig 4) Itas

Table 10. Clinical severity by age,

Amouat of Number of patents by chnical grade
ot ueed Age
{mi) Non-affectad Laght* Severe* Total
<TH 0-12 3 (18T 13 (72 2} 2 (11N 18 100
13-29 2 (83 7 (@2 5 (62 5} 24 (100 M
30~ 5 (13 1) 19 (50 O} 14 (36 & 38 (100 )
Total n (i2 § 39 (48 B} 31 @387 80 (100 o
120~ 1440 012 o (0} § (500 5 (500 10 (06 0y
13-29 0 (0) 1 87 14 (93 1 15 (o0 M
30~ 0 (0) 8 (40 0) 12 (80 Oy 20 {1on
Total o () 4 (31 2) 31 {88 By 45 (100 01

* *"Light" corresponds to gradeu [ and 11 whule “savers” to grades [1] and IV used by Govo et al
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believed that it must have leaked from the
heating pipe and contarmnated the oil, because
small openings were discovered in the old pipe.
Amount of Kanechlor 400 Ingested by
Patients

One hundred forty-mx patients who were
proved to have used the contaminated canned
K nce ol of February 5 and 6 by our investiga-
tion were used for the estimation of the amount of
Kancchior 400 ingested As stated, the approxi-
maic amount of the otl consumed could be caleu-
Iated for each of the patients. It was on average
sbou! 800 ml Sipce the concentration of
Kancchlor 400 in the oil was 2,000 to 3,000 pprm,
the average amount of Kanechlor 400 ingested
by a patient was estimated to be about 2 g (4).
Similarly, the minimum dose of Kanechlor 400
consumed by a patient was estamated to be about
05g

Babies Born to Patients and Non-affected
Wives of Patients

Thirteen women consisting of 11 with Yusbo
end 2 unaffected wives of patients were shown to
huve delivered 10 live born and two stillborn
bables from February 15 to December 31, 1908
(8,10,11). As shown in Table 11, nine of them had
unusually grayish, derk-bruwn stained skin and
amular pigmentation of the gingiva and pails
was nuted in five of them. Increased eye discharge
wns also notable in most of them Histological
exznunation of a stillborn fetus showed a marked

April 1972

byperkeratosis and atrophy of epidermis and
cystic dilatation of hair follicle, especially at the
head. A marked increase of melanin pigments in
the basal cells of epidermis was also noted (9)

Since no such symptoms at birth or stllbirth
has been expenenced in Japan dunng the period
in which their incidence among the patients was
extremely high, and also since none of the mothers
had had any unusual experiences, for instance, in
use of drugs or in health status, these unusual
phenomena could be considered to have been
caused by ingestion of the contaminated o1l
However, a clear dose-response relationship be-
tween the o1l consumption and such phenomena
could not be shown because of the hmited number
of cases. The amount of the contaminated oil
covsumed during pregnancy ranged from 03 to

Rice sran

EXTRACTED WITH N-HEXANE
|

| ]
DEFATTED BRAN CRupE o1
AFTER REMOVAL OF SOLYENT,
TREATED WITH SODIUM METAPHDSPHATE
AND CENTRIFUGED
;TR
TReaTED wimti HalH
MaH Laver on
NeuTRAL IZED wi T HoSy, SASHED WITH WATER
MO FILTERED
"Derx 011"

(oLoR REOMVED WITH
WHITE PORCELAIN CLAY

Deotor1 ZED BY HEATING
AaTover 0 Car 3 10
4™ g l

Fis pRODUCTS

Fiauze 4 Flaw sheet of nice oll production.
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Table 11. Babice born to patients and unaffected wives of patients snd their use of K rice il

Amount
of il  Pregnancy Gradeof Rex Senall- Increased
Mother Age  used penod chimcal  Delivery of for- Stamed Stained Staned eve Neonataj
No. during  whenoil  severty baby date slin  gogiva  nsl  discharge mundice

pregnancy  used ol mother
(L}

1 28 03 3 2 Normal M No 7 - - - "
trimester
2 24 ? ? 3 Narmal F No + - - + +
3 22 14 Laterbsll Normal Foreep M No T - - + ++
of 2nd
tnmester
4 27 ¢7 2nd 1 Norma! M Ye + + - + 2
trimestar
& 28 07 st 3 Normal F No +
tnmester
-] 0 1.4  Later half 3 Narmal M No + - + + +
of 2nd
trimaater
7 30 11 Whole 1 Notmal M Yeu + - - + ?
8 23 t  Whoie 3 Notwmsl M + - - + +
9 33 ? ? ? Coegarean M Yo + + + + ?
saction
10 29 03 Early haf Normmal Normal F No 7 - - - +
of 2nd
inmester
11 20 7 1 2 Normoal M No + + + + +
12 33 26 Early half 4 Sallinrth 1 H + ? ?
of 2nd
tnoeaster
13 25 ? ? 3 Stilllarth  F Yeou + * ?
Table 13, Proguoeis of patients with Yusbo.*
Grude of chnical Clhinion} conditions
saverity®®
Improved Stational Worvened Total
a PLINE B 8 (25.0) 2 {(83) 24 (100 Oy
1 0 317 18 (27 8; 12 (20 7) 58 (100 O
2 23 87 16 {38 4) 5 (11 4) 44 (100 0y
3 12 (52 2) 19 (43 5) 1 (43) 23 (100 0)
4 0 10 (100 0) 0 (O 18 (100 0}
Total 81 (50 9) 58 (38 5 20 {12 &) 158 (100 0)

* Culculnted from the figures reported by Toshitam snd Xitamura,
** (- Phymcal complamts without skin-lesions.

1- Pigmentation of the skin snd the mucous membrane.

2 Comaedo formation

3 Acneform sruptiona.

4 Extsnmve distnbution of acosform eruptions
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£ hters (Table 11) (8) Twelve of 13 fetuses
were smaller (han the national standards, and 4

them were smallfor-dates babies (8,10) As
s grew older, the stam an their skin gradually
Liml {11} No evidence has so far been obtained
aith regand Lo any phyeical and mental retarda-
s of the babics, but we suggest that a par-
rularly careful and prolonged {ollow-up observa-
1en should Le maintained for their future (8).

L,rowth uf Aflected Children

To exarmine whether Yusho disturba children’s
growth, the affected school children, 23 boys and
{6 girle, were compared in 1967, 1968, and 18G9
with their 719 healthy classmates matched by
«v The gams of the affected boys in both beight
and woight decreased significantly after the
powoning, while the affected girls showed no
dehmite change i this respect (12)

Current State of Patients

More than 3 years Lave passed since the
epdenne was reported, It is a heart-breaking fact
that many patients with Yusho are still tortured
by the stekniess because no curative treatmenta
have been discovered yet In summer of 1970, a
mass chinical examination of the Yusho patients
was cnrried out in Fukuoka-Ken, and the clinical
state of the patients examined were compared
with theiwr previous findings observed in summer
of i%. As shown in Table 12, about a half of the
199 patents, for whom the comparison was
{easihble, were shown to have clinically improved
sgns, vwhile the remaining half showed no such
fasorsble signe, and more than 10 percent of the
patienis were even worsening (13}, It should be
noted. furthcrmore, that even many of those who
appented to be clinically improving had several
serious complainta, such as permstent headache,
genevnl {atigue and feeling of weakness, numbness
i liubs, weight ioss, and others (14). All these
facts (learly indicate that recovery from Yusho is
extremncly difficuit. To cure them as quickly as
possible and to prevent another epidemic of
Yusho, all possible worid-wule cooperative eforts
are highly desired,

I'rom the middle of February te the end of
Muorch, 1968, &n epizootic of a strange disease
closely resembling chick edema disease occurred

April 1972

mvolving more than two million chickens in the

western part of Japan (15,18) More than
400,000 chickens were reported to have died The
dieense was characterized by such chmical signs
as labored breathing, droopiness, ruffled feathers,
lugh mortality and decreased egg production
(15,18). Autopsy revealed & marked subcu-
taneous edema, hydropericardium, ascites, and
pulmonary edema, muscular ecchymoms in the
thorax or inside of the thigh, and yellowish
mottled appearance of the liver (15,17,18) An
epizootiological investigation demonstrated that
the disease was caused by feeding chickens with
specific lota of commercial brands of formula
chicken feeds manufactured by two companies
In view of the fact that the K rice o used by
Yusho patienta had been contaminated with
Kanechlor 400, the toxic feeds were analyzed for
chlorinated hydrocarbons and proved to contan
Kanechlor 400 (16,19,20) The experimental
reproduction of the disease by administering this
chemical muxture was successfuj (16,20,21). The
reason the chicken feads were contaminatad with
Kanechlor 400 could be reasonably understood
by the {ollowing facts. both of the chicken feed
manufacturers had been umng “Dark oil” pro-
duced by the X company (Fig. 3) as an ingredient
of their formula {ceds, and they had actually used
"Dark oil” purchased from the company from
February 6 to 27, 1968. The remaining sample of
“Dark o, used for production of the toxic
formula feeds, was also shown to contain about
1,300 ppm of Kanechlor 400 (16,20). Thus, it
became clear that both the epidemic of Yusho
and the epizootic of the disease among chickens
had been very closely assoriated, bemng caused
by intake of the oils contaminated with Kane-
chlor 400 Tt 1s very unfortunate, however, that
the epidemic of Yusho could not have been pre-
vented even though a large scale epizootic of
such an unusual chicken disease had preceded
the incidence of Yusho by more than 6 months
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» 1 An Abstract of Results of Laboratory
Examinations of Patients with Yusho and of

220
Nihg
o by Masanori Kuratsune®
® 1
s ’
. An extensive clinica! study of Yusho and many  clanfy the mechanism of toxic actions of
r ¥ aumnl expertments were carried out by the Yusho ~ Kanechlor Most of the findings have been pub-
e study group in Kyushu Univermty m order to  lished in Japanese with brief English abstracts
b 3 I hope this abstract wall help in the understanding
iy ‘ * Department of Public Health, Faculty of Medicine,  Of the important observations obtained by these
H-l"l’ ) Kyushu Univermty, Fukuoks, Japan studies.
o Table 1. Laboratory findings of patlents with Yusho.
il
" . ltem Laboratory findings Reference
o Blood (1)
& 1 Red blood cells Decreased o most severe canes, 3
' 2 Leucocytes Increased in most severe canes. 1
3. Blood platelets Normal 3
. 4. Coagulation time Normal 3
5 Prothrombin time Normal 3
f Binod sedimentstion  Normal except for & few cases 3
rale
7 Hemoglobin Decreased in most severe canes 1,3
Blood (I1) serum [vprda
1 Toual ipxd Increased 3
125.0+160 6 (mg 7) @ casem of grade IV*
2 Tnglycendes Increased L3,4,8
180.6£88 2 (mg %) O casen of graie IV* 3
; 60-817 (ng %) 24 canes 4
d More than 300 (mg %) § out of 24 cenes 4
18084 (mg %) 32 adult patients 8
Fiftoen persent of the patienta showed unusually high levels (mora than
300 mg %) of inglycendes 20
i age No. TG > 300 %
. Canes No case
b 0-9 52 18 346
10~-19 89 17 i1
20-29 68 5 74
30-39 85 10 L8
4040 58 8 103
50-39 28 2 72
60— 16 2 125
Tota! 306 60 151
April 1972 — 129
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Table 1-—Continued.
Item Laboratory findings Reforance
" 3. Cholesterol Normal 1§
. 18] £43 (mg %) 27 adult patients
4 Phosphohipida Normal 8
%- B || B (mg %) 27 adult patients
1272, 5 Serum lipoprotein A/a-liproprotein ratio increased 8
[ Woman with Yusho, aged 24- 2.0
Woman with Yusho, aged 60 ¢ 4
Man with Yusho, aged 35. 35
6 Fatty acid corupos-  Aoalyms of cholesterc| esters, triglycerides, free [atty acids, aad phospho- 4
tion of serum lipids lipids showed no abnormal components, sxcept that mcrease of oleic seud
and decresse of palmitic acd were seen in serufn-free fatty acids.
7. Effect of glucose Lerels of glucose and free {atty acids in blood were determined 30, 60, 90, 8
admimstration on 120, 150, and 180 minutes after oral adminstration of 50 g glucoee
serum (ree fatty acids Two types of varstion of levels were noted
Type A Biood glucose increased and iater decreassd Fatty scids
hardly changed )
Type B Biood glucose increased and did not return to normal even after
180 minutes after glucose admunwtiration, Fatty acids decreased
markedly after admintstration
Palmitic acid decreased by glucose admimstration more markedly in
pauenta than 1o normal persons.
8 Post-hepann plasma  PHLA values (FFA aEq/min/ml) 10 misutes after hepann mnjection in 10 20
iipoprotein lipase normal women aged 18 to 20 1o yeary were 0 201 +0058 Four of 5
activity (PHLA) female patients showed PHLA 10 minute vaiues lower than 0 143, namety
ths mean—} 8 D value for control, while 2 of 8 male patients had
smular low values
9. Lecithin-cholmaterol Frve patients with Yusho were examined. Mean value was 41 797 for 20
acyitranserase (LCA) patients which was significantly lower than control (p=002)
Bilood ( 11]) protewn and others
1 Total serum protemn Normal 1n mosi. cases
6.87+0.73 (g %) @ cases of grade 1V* 3
73x00 (g 7o) 35 aduit patients 8
7.3+05 (g %) 8 Yusho children 8
2. Serum albumin Normal
564+547 (%) 0 cases of grade IV* 3
504142 (%) 33 adult patients 8
58.1+68 (%) 8 Yusho children 8
3 Berum globulin Tocrease in oy-globutin 1n severe cases,
No migmificant change i1 other {ractions 3
arglobulm
12.7£2 74 (%) 9 cases of grade IV* 3
10.3£2 1 (%) 33 aduit patienta R
13.1+3 0 (%} 8 Yusho chidren 8
Incresse 1o a-globuhn 8
8.2+1.1 (%) 33 aduit patients
60+1.0(%) 8 Yusho chuldren
4 Non-proten pitrogen  Normal 8
compounds
Blood (I'V) elecirolytes
and matair
1 Na K, Cs Normal 3
Ns and Ca were :n norma] range but K s slightly decressed L
40x0 4 {mEq/1) 53 adult patienta
130 Envirowymental Heslth Perspectives
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Table 1—Continued.

liem Laboratory findings Reference

42205(mEqg/1) 17 Yusbo children
2 Cl Normal 3.8
3 Fe Tanded to decrease 3

660300 (ug To) 6 canea of grade [V*

Decreased 8

90+34 (ug To) 50 adult patwnts

83:+£20 (g Tu) 17 Yusho coudren
¢ Cu Incressed in severe cases

183 0£81 0 (g 70) O casen of grade IV*
5 In Normal

[ K]

Blood {1 ) enzymes
1 Alknhae phosphatese,
Mram

—
(]
a0

Increased slightly in severe cases

10.3 +3.5 ( King-Armatrong unita) 85 adult patients

17 4 +4 9 { King-Armetrong unita) 11 Yusho children

14 949 26 (King-Armatrong units} 9 cases of grade IV*
Normal 1n moset cases

278 465 (Karmen unita) 2¢ aduit patienta

284 + 24 (Karmen unita) § Yusho chuldren

2 Lactste dehydroge-
nasc (LDH), serum

kel
0 e X W

3. Transsminases
GOT Normal

24+ 1% (Karman unita) 70 adult patients
3623 (Karman unita) 12 Yusho children
23077 0 cases of grade IV*
2804102 cases of grade IV*
247488 casen of grade 111
200+73 cases of grade 11

Normal 1in most casea
226+119 7 cases of grade IV*
23 +16 (Keroan umits) 48 adult pstients
21+ 11 (Karman unita) 10 Yusho chuidren
Mean 30.1 cases of grade IV*
Mean 24,1 cases of grade II1
Mean 16.0 cases of grade 11

w

[X]
—— e G0 OB G gp e = == D 00 OO OO

Blood (V1) others

1, Bromsulfalein (BSP)
tont
2 lcterus index

Delayed 1n severa) aduit casea
5.0£5.10 (%) 8 cases of grade IV*
Normal

33+0.06 £ cases of grade IV*
Normal 3

ks

3 1'% resin aponge

uptake { Triosorb tost)
U'rine

1 Protemn

2 Glucose

T Urolnlinogen

4 Unnary neutral
1i7-ketosteroids

Negative

Negauve

Negative in most canes

Elevation of ratio of etiochulanolone/androsterons was noted, indicating
sdrenocortical hyperfunction but urinary exeretion of total 17-ketosterods
waa 1n norinal range.

Etiochol /aodroat
2 Norma! women aged 28 0.6, 10
2 Norma! men aged 20 and 28 04, 0.8 8
2 Yueho women aged 35° 17, 2.0
? Yusho men aged 37 and 39 09,26

- )
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Tabie | —Continued.

———

132

tem Laboratory findings Refern, o
Toalel 17-ketonterowls
23 adult Yusho women 57+ 8 (mng/day) R
13 adult Yushomen 73+28 (mg/day)
Unnary total [7-ketostervids (17-KS) and 17-hvdroxy corticosterord 1
{17-OHCS) were determined in 50 male and 45 fcmale patients Poutine
correlation was found between 17-KS and 17-OHCE. 42¢; of patienls
exceeded normal range tn both ateroids 1 males and femnies
Analysin of major components of unnary 17-K8 was made in 0 mule (10 to
57 years in age) and 7 female (16 to 51 years in age) patients
For androsterane etiocholanulone, and dehydroepiandrosterone, female
patients seemed Lo be lower than control, while male patients seemed (0
he higher
Sex 17-Ks Norma] (mg/day} Patients (mg/dnv)
M Pregnanediol 0 700 17 0 8B40 46
Andmaterone 2 95+1 02 328119
Etiocholanolone 1 8340 55 20440 84
Dehydroemandrosterone 1 5540 75 1 96! I8
Total B 4+18 79432
Determined by
Z;mmermann reaction 10 8+2 3 11 823 2
F  Pregnanedio} 0 95+£0 55 1 340 9!
Androsterone 2 0240 97 1 32x0 60
Etiocholanolone 1 3340 48 1 030 40
Dehydroepiandrosterone 1 01+0 40 D 03+0 48
Total 4 417 38+ 0
Determined by
Zymmermann reactiun 61+24 72+1 9
5 Amuno scrds Two patients were examined. A rermarkable increase in excretion was noted ]
for taurine (5,841; 8,103 uM/day), s-aminoisobutyric acid (247, 1,042
uM/day), gtycsne (1,883, 2,097 uM/day), and lustidine (743, 1,170
uM/day). Increase was aiso noted for threomune, serine and Tyrosmne
Fatty acud analysus of acne
ond akin fal
1. Cheese-like matanal cheene-like Fat 1n sweat !
oollected irom acne material
eruptions and fat in o Face Body
the aveat of patients 3 “o
mynistc 27 14 7 81
palmitic 215 412 410
paimitoleic 10 4 215 22 7
stearic 16 3 1} 8 91
oleje 30 4 11 8 18 1
linolele 18 3
Iinolenic 04
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Table I-~Continued.
[tem Laboratory findings Reference
& Yyl aene and Yusho acne contained more stexric and oleic acids than did non-Y usho 8
nun Y ushv acne acne Linoleic scid was present only i the former The former contaned
10 times more cholesterol than the latter
Cheese like materials
from ordinary from scnes of members of a
acnes of many Yusho family
persons ¢
I 2
Ce ‘e
myriatie 118 30 A3
pajmitie 41.2 21 23 4
palmitoleic 17 0 10 7 61
alearc 13 7 16 6 a2
oleie 18 5 K] 23 5
hinoleie none 16 1 75
By
i Lever Reductron of rough endoplasmic reticulum and hypertrophv of smooth 5, 22
endoplasm:e reticulum Mitochondna showed morphological betero-
genaity Many filamentous inclusions were present in the matrix Giant
mitochondria were frequentiy encountered
0

Twenty-four biopsy apecimens from 18 patients were examined, Marked

2 Skin
hyperkeratosis and eystic dilation of hair follicles, marked increase of
melanine 1n basal cells of epidermis.
Meurologtend findings Slowing of sensory nerve conduction velocities of radial and surel nerves was b

Qtorh i nolaryngologreal

Octlur sgms

noted in 9 of 23 patients examined. Motor nerve conduction velocities of
ulnar and tibial nerves were shown to be unaffected except for 2 patients

10 whom they decreased.
No audiometric abnormabty and no disturbed vestibular function 7

hndings

Hypersecretion of meibomian gland; abnormal pigmentsation of conjunctiva,
no particular lemen in intraccular tissyes, Increase of melanine granules
was noted electronmicroscopically (n cytoplaem of epithelial cells, especwnlly
in baaal cells of conjunctiva. Innumerable electron dense particles, 300-

400 A 10 diameter, were in the cytoplasm of basal cells

* Gratde IV mesns clinically most severe cases

Table 2, Findinge of animal experiments

E-penmental Results Reference
1 2 ml of nlive o1l containing Increase of serum triglycerides and slight increase of total 4
195 Kansehlor 400 orally cholesterol {Uzawa et a! )
given to rabbite daily for 10
davs
10

[

Enlargement of liver; shight {atty metamorphosm of Liver,
swelling of sebaceous gland Increase of smooth endoplasmic  { Nishisumi et sl )
reticulum and decrease of rough endoplasmic reticulum in

Oral adminwstration of Kane-
chlor 400 to femaie mice,
cynomolgns monkevs, and
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Table 3~Continued,

Expenmental Results Relerence
squirrel-monieys for a mohth liver
or longer
Ora! admnstration of 0 | g of Loms of body weght, hepatomegaly, and marked 1ucrease in 11
Kanechlor per Kg per day to serum Iipyd components were noted Serum triglycerides (Tanaka et 4 }

rats for 4 woeks,

Oral adminmstration of the res
o1} used by a Yusho patient to
hairless mice

Dustnibution and ehmnation
of componenta of Kanechlor
400 orally administered n &
single dose of 2 0 mg/body to
female mice

Dutnbution and excretion of
'H-Kanechlor orally admunse-
tered 1n a single dose of 500
we or 25 mg/bodv to Wistar
King male rats weighing
about 150 g.

Effect of oral administration
of Kanechlor 400, 500, 600
and ther components, 3 2 ml
of a solution of 6.8 mg/0 2
ml/100 g of bodv weight,
daiy lor 3 days, on hiver mi-
¢rosornes of male rata.

R Oral adminuwtsation of Kane-

chlor 400 or 500 to female Taty

resched a level as high aa i) tines the control level Serym
cholinesterase activity waa not affected.

Hyperkerstoss, cystic dilatation of hawr follicle and sweat- 12
gland, marked hepatormegaly, fatty dagenerstion of liver (Inngoiai et al y

Each component of Kanechlor 400 was squstly absorbed from 13
gaatro-intestinsl trect Concentration of Kanechlor 400 i {Yoshimura et 4 )

skin one day after sdmunmtration was twice that in liver and
kulney Kanechlor 400 was retained in skin more than in
other twaues. Tetrachlorobiphenyls were almost completely
elminated from tissues 1n three to four weeks, bul penta- apd
heaxa-cblcrobiphenyls wers retained 9 to 10 weeks after
sdminuiration

Radionetivity n skin, sdipose tusue, liver, adrenal gland and 14
gumrointestinal tract was higher than in plasme 3 days after  (Yoshimura et 2]}
admmustration Radwactivity was noted n some tisgues after
8 weeks Urinary excretion of Kanechlor was limited, while
707, of the dowe given was 1o feces A small partion of radio-
activity excreted during the first day was in the phenolic
fraction More phenolic metabolites and less unchanged com-
ponents were excreles! in the feces on the second and third
day

Kaneehlor 400, 500, 800 Hepatomegaly Microsomal protsn 15
per gram of liver increased i proportion to chlohne content  { Fujita ot al ;
of Kanechlor Amount of cytochrome P-450 and specific ac-
tvitwes of (-dealiylase {p-nitropheneto]), N-demethylase
{p-chioro- N-methylaniline), and amline hydroxyiase, in-
creased, particularly with Kanechlor 500,

4, 4'-chehlorobiphenyl Slhight increases seen.

3,4,2’,4'-utmhlnmb:phenyl}' Increases noted, but less than

3,4,%, ¢’1etrachiorubiphenyl[ with Kanechior 400

3,4,3, 4"-tetrachlorobipheny! was & more potant mducer than
the others

2,4,5,3, 4'-peatachiorobiphenyl’ Moat marked increases were
noted in cyt P450 and specific activities of 3 enzymes.

3,4,5.3', 4, 5'-hexachlorobiphenyl, The increase was larger
than that induced with the tetra chlorobiphenyls but less
than that with the pentachjorobipheny)

Phenobarbital' Resembling Kanechlor 400 in ensyme mduction
capability

The above microsomal ensyme activities and the microsomsl
eomponents started to increass 12 hours after admimstration
of 3,4,3°, 4"tesrachiobipheny], reaching the maximum after
about 1 week. Therealtes, activity levels tended to decrease
but dud not return to normal even after § weeks Microsomes,
particularly therr membranes, contained the largest amount
of H%Kanschlor+400 admimnstered orally, as compared with
mitochondna or lysosomes.

Hexcbarbital sleeping time was markadly shortened by pre- 1%
treatrnent with Kanechlor 400 or 500 in rats Mimymum effec-  (Komatsu et ol )
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Table =—Continued.

Experimenial

Regults Reference

(Wintar King), about 100 g m
weight, 10 order to see effecta
of the adminiatration on
hazobarbual sleeping ttme

9 Oral admmustration of daly
dome of 05,25, 5, 50 mg of
Kauechlor to rata for 13 to 21
days

10 Oral adminstention of Frae-
tivn A and B of Kanechlor
400 to rats, each daily dose 1
me on every fourth day fur 40
dava, 10 mg total
Fr A Boiing pownt 123~
124°C/0.01 mmlig, 3.12
rhiorine atoms per biphenyl
nverage.

Fr B Boiling pomt 140-
142°C/0 01 mmHg, 3.84
chionne atoma per biphenyl
aversge

I Lepuf in lwer
Ora) sdministration of daily
doss of 8 mi of oltye o} con-

Lning 19 Kanechlor for 3
and 11 days 10 2 female
rablita

tive duse was dmly 5 mg and 2 mg/Kg for 3 days for Kane-
chlor 400 and 500, respectively When 40 mg/Kg of
Kanechlor 400 or 500 was given daly for 3 days, the effect
lasted for 3 weeks by the former and for 8 weeks by the
latter
Ethionine tnhtbited the shortening of hexobarbiial siceping time
by Kanechlor
Anabolic steroids, chloroquine, glutathione, o-mercaptopro-
pionylglycine, essentnl phospholipids, diphonyt, and sulfa-
dinsine dvd not modify the sleeping time reduction by
Kanechjor
Growth was inhibited by the treatments, No weight increase at 17
daily dose of 5 mg, snd & weight decrease at 50 mg, Plasma  {Nagu et al )
tnglycendes did not increase st dely dose up to 5 mg, and
slightly exceeded the control at dose of 50 mg, while plasma,
cbolesterol and phospholipid incressed definitely by increas-
ing amount of Kanechlor.

Duly dose Tnglveende Cholesterol Phospholipid

Kanechior uM % ng % mg %
{mg)
Control 100428 83412 4 7+0.8
05 98419 118428 5 841.7
25 80+21 102+ 11 72412
50 80418 1254-28 7T1+13
500 130437 178+ 18 13 442 2

The sdministrations hardiy affected concentration of trigiye-
ende, cholestercl, phospholipid in liver except for daly ad-
mitustration of 50 mg Keanechior, which caused shight increase
of tnglycenide and cholesterol, They shightly increased tn-
giveende 1o akin but hardly affectad cholestorol and phos-
pholipid. A definite reduction of triglycende 1o perirenal
adipose Lissue was notad.

Animals grew 1n weight with Fr A but lost weight with Fr. B, 17
which caused marked atrophy of abdominsi adipose time {Nagn ot sl }
Lipid content of adipose tieue around kidney decressed when
Fr. B was given but did not when Fr A given Plsama tri-
glycersde decressed with Fr. B but did not with Fr A,

Anunal Trngiycende Cholesterol Phospholipud

uM % mg T ms %
Control 130418 08 5 57404
Fr. A 12810 867 5 10 ¢
Fr B 83421 575 52403
Total ipid and giycerides of liver increased, but concentration 18
of serum glycerides was normal after sdmmistration for 3 {1to et al)

consecutive days, but increased abnormally after ad minsetra-
tion for 11 consecutive days.

Controt Powoned Powoned
Lipad {n=1) for 3 days for 11 days
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Table 3—Continued.

Experimental Resulta T Reterees
(R=1) {n=1)
Totsl hpid
o /dry wt 17 29 0
Glyoerides 7 1% 24 37 25 3%
Chotesterol 63 ] 108
CGP Lecithin 25 97
Lysolscithin 74 300 76
Spiungomyehn 29 48
EGP 189 14 4
sGP 90 45
P1 88 39 68 51
Glycolipsd 52 87
Others 159 111
Serum glycendes 52 85 1,600
{mg %)
12. Oral administration of daiy Marked or moderately impaired motor function, decreased 21
dose 0.5 or 0 3 mg/Kg of motor conduction velocity, early stage of segmental demye-
Kanechlor 400 each to 40 Imation and loss of jarge nerve fibers were notad
adult Wistar rats,
REFERENCES 12 Inagami. K et al 1969 Experimental study of hairiess
1. Goto, M and Higuchi, K 1969 The aymptomatology Mmice fn!!owmg admnuatration of rice o used b g
of Yusho {chlorobiphenyls posoning) in dermatology, Yusho' patient lhud 80- 548
Fukuoka Acta Med 60' 409 13 Yoshimura, H and Oshima, M 1971 Studie on the
2 Tku, H, Bug,, K and Uga. 8 1969 Ocutar signa of tismrie distmbution and eltmination of ~evern] compo
chronie chiorobiphanyia pomoning. Ibid 60 432 nents of KCH400 (chlorobiphenyla) in mice Thnd 62 3
3 Okumum, M and Katsuk:, 8 1968 Chnical observe- 14 Yoshimura H et al 1971 Studier on the Tesue dn-
ton oo Yusho (chlorobiphenyls powomag) ibid 60 tribution and the urimary and fecal excretion of
440 'H-Kanechlor (chiorobiphenyis) in rats Tld ne 12
4. Usawa, H. et al. 19890 Hypergiycendemia resulting 16, Fujita, S et al 1971 Effect of hiphenyl chlondes on
from intake of rice oil contaminated with chlorinated rat liver mucrosomes ibid 62 30
biphenyis. Ibsd 60 449, 18, Tanaka, K 1971 Shortening of hexobarhitzl slreping
§. Hirayama, C, Insa, T, and Yamamoto, T 1969 Fine time and change of serum triglyceride level m chloro-
wtructural changes of the liver in a patient with chloro- biphenyls.intoxicated rats. Ibid 82 35
biphenyls intoxication. Ibid 60: 455 17 Nagar, J. et al 1971 The mAuence of chlorbiphenyls
8 Kuroiwa, Y., Mury, Y. and S8anta, T 1980, Neuro- {Kanechior) sdmmistration on the organ lipuiv in rata
logical and nerve conduction velosity studies on 23 Ibad 62. 42.
patients with chiorobaphenyis possoning Ibvd 60 482. 18 Ito, Y, Usawa, H and Notomi, A 197] Land enm-
7. Monmilau, T, et al. 19890 Otorhinolaryngologioal position of the rabbit liver poisoned with rhlombi-
findiogs of Yusho (ehlorobiphenyls powoning) Itnd 60+ phenyls Ibd 82 48
04, 19 Nagal, J et al 1971, Cojonmetric and gaschremato-
8. Nagai, J. et al. 1989. Clinicochemical investigation of graphic determinations of urnary 17-ketowtermds
chlorobiphenyls powoning—especially on the serum 1hd 62* 51
liptd snalyma of the patients, Ilud 50 475 20 Ugawa, H et ol 197! Chiorcal and experimental
9. Kikychi, M and Hsshimoto, M. 1959 Histopatho- studies on the hypergiyceriderma mduced by oril m
logica! atudies of akin lesona of patients with chioro- geation of chionnated biphenyla. Ibid 62 66
biphen yis powoning. Thid 60. 484 21 Ogaws, M. 1971 Electrophysiological and hretnlngieal
10 Nushisumi, M, Kohchy, 8. and Kuratsuce, M 1069 studies of expenmenta! chlorobiphenyls posoning
An sxpenmenta) atudy of " Yusho" or chlorobiphenyia Ibid 62 74
pomoning (preliminary report) Ibud 60- 530 22 Yamamoto, T, Hirayame, C and Irisa, T 197} Some
11 Tanska, K et sl 19880 Expermnental subacute powon- observations on the fine structure of the mitochondna
g of chiorobiphenyls, particularly the nfiyence on n hepatic celis from & patient with chivrolyphenvis
the serum hipids in rats. Ibid 60 544 ntoxieation lbid 62 85
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Chlorinated Aromatic Hydrocarbon Induced
Modifications of the Hepatic Endoplasmic
Reticulum: Concentric Membrane Arrays”

by D. H. Norback and J. R, Allent

A number of commercial compounds having
chlorinated aromatic hydrocarbon structures are
used entenstvely for medical(3), industnal(4) and
agricultural(5) purposes. Quantities of certan
parent chlonnated aromatic hydrocarbons and
metabolitea have been repeatedly detected as
residiies in the food supply and tissues of birds,
fish, ind mammals(6-9) including man{10) Chlor-
mated diphenyl-p-dioxins have been identified sa
contaminants of many commercial products, such
as (crtain edible fats, herbicides and disinfectants.
1t 1 suggested that the compound results from the
ronjugation of commercial chiorinated phenola(11).
Polvchlorinated polyphenyls are among the most
abundant chlorinated hydrocarbon giobal pollu-
tanta Therr contamination of the environment is
a result of the widespread commercial use of these
compounds for their properties of insuiation,
adhesiveness, thermoplasticity, chemical inertneas,
and nsolubility.

Following this investigation of sequential bio-
chemical and ultrastructural alterations within the
liver produced by three chlorinated aromatic
hvdrocarbone — chlonnated diphenyl-p-dioxin,
polychlorinated biphenyls (PCBs), and a bighiy
chlorinated triphenyl (PCT)—certain similarities
of biochemnical and ultrastructural effects of the
rompounds were observed The livers of rats fed
the chlorinated aromatic hydrocarbons consis-
tently contained numerous multi-layered concen-
tric membrane arrays, prolifermted amooth

* Partions of this paper were previously reported (1, 2).
t Department of Pathology, University of Wisconsin
Medical School, Madison, Wisconsin 53706

April 1972

endoplasmic reticulum (ER), and altered micro-
sonal ensyme activity.

Mstarials and Methods

Beparate groups of male Sprague-Dawley rats
initislly weighing 100 grams were fed diets
containing the [ollowing chlonnated aromatic
hydrocarbons: 19, PCTs {Aroclor 5460), 0 029,
PCBe (Aroclor 1254), and 0.002%, chlorinated
diphenyl-p-dioxin. respectively. At regular inter-
vals the rats were deprived of food for 24 hours and
sacrificed by exsangumnation The livers were
weighed and portions were removed for electron
mucroscopy. This tissue was immediately piaced in
vercnal acetate buffered carmuum tetroxide and cut
into small cubes. Following one and one haif hours
of fixation, the tissues were dehydrated in s
graded series of ethanol, cleared in propylene oxide
and embedded in an Epon-Araldite muxture
Sections were cut at a thickness of 0.5-0.8 mucrons
for light microscopic evaluation, and thinner
sections at s thickneas of approximately 60
millimicrons were cut and stained with uranyl
acetate for electron microscopic exanunation The
remaining portions of the livers were perfused
through the porta] vein with isotomic KCl,
weighed, and homogenized at 0° with two volumes
of the salt solution. Microsomes were 180lated from
the post mutuchondrial superuatant obtained by
centrifugation at 9,000 X G for 20 minutes,
washed by homogenization with KCl and re-
centrifuged, resuspended in KCi equal to three
volumes of the origzinal liver matenal, and
immediate]y assayed for the activities of aromatic
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hydroxylase(12), nitroreductase(12), N.demethyl-
ase(12), mitropheny! acetate hydrolysis (esterase)
{13), and glucose-6-phosphatase(14). RNA(13),
phospholimd(i6), and cholesterol(16) concentra-
tions were determined from samples that_had been
frozen at —80° Proten determination{l7) on
alkaline-washed (18), mcrosomal matenal pro-
vided estimation of membrane protemn 1n the
microsomal suspensions, which s subsequently
referred to as microsomal protemn

Results

The rats from the dioxan and PCT groups
readily ate the expenimenta! diets and attained at
least 809, of the weight of the controls at three
weeks, Hypertrophy of the liver, varying from a
moderate enlargement, following chlormated di-
phenyl-p-dioxin ingestion, to an mcresse 1n the
relative hiver weight of 8 granis per hundred grams
bodv weight, following PCB and PCT ngestion,
was observed, Neurclogical mde effects, including

tremors, convulsions, or sedation, were ot
obeerved The ratsfrom the dioxin and PCT grouy,
remained on the diet for four weeks withgy
apparent extra-hepatic effects other than the
small decrease in weight gained The rats from the
PCB group did not gain weight and were sacrificed
at B days

The ultrastructural alterations within the
hepatocytes of rats from the three cvperimenta]
groups were mmilar and will be consdered
collectively The changes were primaniy hrmted to
the endoplasmic reticulum and  conmstently
sflected ull experimental ammals The hepatoeytes
contained numerous muli-layered, concentric
membrane arrays and prohferated smooth ER
Preceding the formation of the concentric arrays,
the paraliel cisternae of the rough ER, representa-
tive of the control hepatocytes {I7ig 1) nere
reorganized wnto Snuous patterns thut encom-
passed lipid dropiets, mutochondria and other
organeiies {(Fig 2) Annular profiles consisting of
paired membranes with nbosomes attacied to the

Fitoone 1 Elements of the rough endoplasoue reticulum are charactensticaily arranged i parallel lamellae m hepatocy tes
of rata fed a contral diet { X 8,820}
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Fiavat 2 Followmg the ingestion of s chlonnated aromatic hydrocarbon, the parallel membranes are reorganised into
sinuous cisternae that encompass hipid droplets, mitochondria, and other organelles {{ollowing ingestion of chlorinated

diphenyl-p-dioxin, X 15500)

central surface of the inner membrane and the
peripheral surface of the outer membrane were also
prevalent (Figs 3 & 4). Shortly after the develop-
ment of the annylar formations, concentric annuh
composed of vanable numbers of degranulated
paired membranes were observed (Fig. 5). These
structures composed of multi-layers of membranes

were also evident following lght mucroscome
evaluation of the toluidine blue-stained sections
Within three weeks, each experimental group
developed multi-layered membrane arrays com-
posed of several units of concentnic annul (Fig 6).
Lamellar profiles of paired membranes resembling
flattened cisternae partially circumscribed the

Ftaurr 3 Membranes of the endoplasmuc reticulum are also represented as annular profiles m hepatocytes of the
experimeatal rats ({ollowing ingestion of chilornated diphenyl-p-dioxin, X 24,300}
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Fiauae & The concentne anouli with sttached rbosomen
are apparently derived from the rough endoplsamue
retieulum (following wngestion of chlonaated diphenyl-
p-dioxm; X35600)

annuler units, The outer membrane pars of the
lamellae were continuous with elements of the
smooth ER and rough ER. Ribosomes were
occasionally atiached to the surfaces of the outer
membrane pasrs of the multi-layersd arrays. The
concenirc membrane arrays wncreased 1n sise and
compiexity in diract reiationship to the time the
rats remmned on the experimental diets.
Associated with the modified membrane struc-
turee were alterations m entyme activity and
biochemical composition of the microsomal [raction
of these cells {Table 1). Following the ingestion of
PCTes for 21 days, there wae AD IDCresse in
microsomal protem per gram of Lver. Compom-
tional changes of the membrane material were
indicated by the reduction in cholesterol to protein
ratio and shight increase i phospholipid to protein
ratio The increase i esterase activity was parallel
to that of protein, whereas, 1ncreases i N-
demethylation and nitroreduction were greater
than the increase ;n membrane materai Specific

140

activities of glucose-6-phosphatase and arome,
hydroxylase were reduced. The enzymare vhanges
following PCB ingestion were parallel to thuse of
the PCT group.

Discussion

Ingestion of the chlonnated aromatic hidr,
carbons by rat8 induces hiver hyprerirophy way
proliferation of the ER and formation of large
concentric membrane srrays within the eytaplasn
of the hepatic cells, These changes measured ofter
21 days PCT ngestion result in increased hepate
function. An increase in total activity of each
engyme investigated 18 evident when the nearly
three-fold liver hypertrophy and more than
doubled quantity of microsomal protein per gram
liver s considered. Associated with the enzymatic
alterations are an incresscd rativ of phospholipud
to protein and a decreased ratio of cholesterol to
protein  Increased enzyme activity and probi-
arated smooth ER are commonly produced by a

Fioune 5 Larger concentric membrane atrays consst of
numerous distines nngs of paired membranes {{nilowing
wngestion of chlormated diphenyl-p-diexin, X W
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Figunz 8 Following ingestion of polvehlorinsted tripheny! for three wesks extensive concentnic membrane sarrays develop
within the hepaiocytes The membrane srrays encompasa lipid droplets, mitochondna, and other cellular organelies

{x 3,700}

wide variety of agenta including phenobarbital,
however, the phospholipid/protein are unaitered
and cholesterol /protein increased(18). Thuws the
membranes low in cholesterol and high in phos-
pholipid composttion, which are characteristic of
chioninated triphenyl induced microsomes, likely
represent the concentric membrane arrays.
Structures simular to concentric membrane
srrays have been observed [oliowing the adminis-
tration of numerous other compounds including
phenobarbital{19), thiohydantoin(20), tripara-
noi{21), aflatoxin(22), ethionine(23), carbon tetra-
chioride(24), rnd amuno aso dyes(23). An
evaluation of the sequential changes that occurred
following consumption of the chinrinated aromatic
hydrocarbons suggests tlist arrays of concentric
paired membranes originate from cisternal ele-
ments of the ER Modification of the rough ER
included reorganszation of parallel cisternae into
stnuous cisternae and concentric annular profiles

April 1972

of paired membranes. The concentric annuli are
mmular to the compositional units of tha muit-
layered membrane arrays This similarity muggests
that the reorganized cisternse of the rough ER are
wncorporated into the arrays of the concentric
paired membraoes Continuity of these arrays
with the rough and smooth ER further support a
postulate of a rough ER derivation

Enzymatic and compositional changes of the
microsomes suggest the modification of the ER
may be correlated to several probable functions
Consistent with the increased proportion of
phospholipids within the membrane structure 13
the proposal that the proliferated membranes
provide a mte for storage, for isolation, or for
contact with membrane enzymes of the hydro-
phobic chiorinated aromatic hydrocarbon The
increased proportion of phospholipyd enhances the
suitability of the membrane to sequester the
foreign material The proximity of the concentric

MONS 208238 141
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Table 1. Hepatic alterations in rats fed chlorinated
triphenyl for 21 daya.

Cont Exp

Liver weight
(/100 g body weight)

30004028 863070

Microsoma) protemn 20 105 54 5241
(mg/g liver)

RNA 180+ £33 B3 7243
(el

Phospholipyd 455% 24 508+30
(ng)

Cholestero! 44 00480 17 91 &
{(rox)*

Glucose-8-phosphatase 3 98+0 51 1} 080 08
{umal PO4/15 i

Esterase 8 75230 10 3x1.2]
(amol p-ntrophencli/min )*

Aromatic hydroxylase 30 262 606020

(mamo) p amino-
phenol /30 mm. )*

N-demethyisse 103" x 18 168 £7
(mumol formaldebyde/
30 mm )

Nitroredurtase 260468 454362
{maumaol p -amino-
bensoate/hr )*

* Difference between mean and following mean 10 ag-
mificant (p< Q0L)

» Difference between mean snd foliowing mean 8 mg-
nificant {(p< 0D

* per mg protein.

membrane arrays to lipid droplets, also a probable
location of the lipid soluble compound, provides
acceasibility of the lipid component of the
membrane to the compound. Hydroxylation
activity present within the microsomes converts a
lipid soluble hydrophobic compound into a form
which has the potentisl to bind with activated
glucuromde (uridine diphosphate glucuronic acid)
to form s glucosiduronate, The resulting water
soluble conjugate could then be excreted through
the biliary or urinary asystem, Although the
specific aclivity of ths ensyme is reduced, the
overall activity within the liver 18 substantially
increased over the controj value. Cholesterol
within the membrane structure has been reiated to
the rigpdity of the membrane by its ability to
condense the unsaturated fatty acids of the
phoepholipide(26). Lack of cholesterol suggests a
less stable structure or, slternatively, regions
available for insertion of other compounds, such as

142

the chlorinated sromatic compounds Among the
fatty scids and the phospholipids Thus the
enzymatic and compomtional mlteretions of the
newly formed membranes suggest 8 membrane
suted for localiting the chlormated aromate

liydrocarbon for possble sequestration of meta.
bolites for excretion

{Supported by NIH Grant ES00472)

REFERENCES

Norback, D. H and Allen. J R 1062 Morphogenesy
of toxwe fui~mduced conceniric membrans arrays in
hepatocytes Lab Iovest 20 338

Norbeck, D. H. and Allen, J R (In press) Chion.

nated tniphenyl-nduced extenmons of the hepaire

endopiasmic reticolum  Proc. Soc, Exp Biol and Med

3 Chlortetracveline

Chiorpromaszine

Chiloropropamide

Aroclor Products, Monsanto Co , 8t Louis, Musoun

DDT (1,1, 1-Tnchlnro-2, 2-bw!s chlorophens!l) eth-

sne  2,4,p(2,4$Dchlorophenoxy} sestic  acd

Chiorbenaide.

6 Woodwell, G. M, Wyrster, C F and lasacson, P A
1967 DDT resmiduen v an East Cosst estuary a case
of hwloiral concentration of a persustent insecticide
Beience 156 B21

7. Rwebrough, R W et sl 1968 Polvchioninated b

phenyla in the global scosyatem, Nature 220 1008

Holmes, D C. Summons, J H and Tatton, J G

1987. Chlormnated hydrocarbons it Bntish weldide

Nature 218 227

9. Holden, A V end Marsden, X 1087 Organnchionins
pesticides 1n seals and porporses. Nature 218 1274

0 Biros, F I, Walker, A C and Medberrs & 1870
Polychlorinated biphenyls w human adipose tumue
Bull Enviran Contemin, Toxicol. 5. 317

11 Phmmer, J R and Kingebie), U | 1971 Riboflavin
photosenmtised oxidation of 2,4-dichiorophenni ax-
sesstoent of possible chlorinated diomin formution
Beience 174 407

12. Ensyme imncubation conditions and product reactions
sccording to Gram, T E., Rogers L A and Fouts
J R 1067, ] Pharmseol. Exp Ther 155 470 umng
3 mM p-mitrobenzoie aexd, 100 mM aniine and 6 mM
ATINOpYTile

i3 35 mM ,-mtrophenyl acetate incubated ot ptl 651w
citrate buffered solution, change m shaotbancey st 420
My mensured

14 40 mM glucose-8-phosphatase incubnted at pll 63510
citrete buffersd solution, morganic phosphate meas-

ured according 0 Baginaky, & 8, For, P and Zuk B
1887 Clin Chem 13 126

15 Munre, H N and Fleck, A 1068 [n D Chek ted
Methods of Biochemical Anaiyme, Interseience Puis-
hahers, New York, 14 114

18 Lipd extracted according to Polrh, J Lees M nnd
Sloane Stantey, G H 1957 J. Biolog Chem 221 447,

—

L

N

Environmental Health Perapectives

MONS 208239




~

’-n

T Ty

T IFTT ZRUMERTIC cTyasy -

=T

TR o S0

Digestion of organie materin]l and determination of
morganie phosphate according to Baginski, E S et al,
Ref 14, Cholostcrel separnted according to Shin, Y 8
znd Lee,J C 1962, Clin Chem & 508; and quantified
according to Glick D, Fell, B F and Sjohn, K 1064
Ann} Chem 36 1110

17 Determined bv method aof Lowry, O H. et al 1956
J Buwiog. Chem 93 205 with bovine serum albumin
aa &iandard

16 Glaumann, H and Daliner, ¥ 1988 Lipid compoaition
and turnover of rough and smooth microsomal mem-
hranen in rat hver J Limd Rex 0 720

19 Burger, P. C and Herdson, P B 10686, Phenobaritntal-
mulitced fine structural changes i rat hiver, Amer. J,
I'mih 48 703

20 Herdmon, P B and Kaltenlweh, J P 1965 Electron

microncope stiilies on enzyme activity and the isola-
ttan of thichvdantmn-induesd mysiin figurea i rat

ver J Cell Biol 25 485

April 1972

P)l

23

24

Hruban, Z, S8wift, H and Slesers. A, 1085 Effect of
Triparanol and Diethanolamine on the fine structure
of hepatocytes and pancreatic acinar cclle, Lab Invest
i4 1852

Svebods, D, Grady, H J and Higginson, J 1066
Aflatoxin B ip rat and monkev liver Amer J Path
49 1023

Stener, J W, Miyai, K and Philips, M ] 1064
Eiectron microacopy of membrane particke arrass in
hver celis of ethionine-intoxicated rats Amer [
Pathol 44 189

Stenger, R | (988 Concentric lamellar formations in
hepatic parenchymal cells of carbon itetrachloride.
treated rata J Ultrastr Res 14 240

Smuckler, E A and Arcasoy. M 108F In G W
Richter and M A Epstein (eds) International
Review of Experimental Pathology. Academic Press,
New York, 7- 305

Deenen, L L M van 1066 Phospholipids and bno-
membrane Progress Chem Fats. Lipids 8- 1

143

MONS 208240




Environmental Health Perspectives

Biological Effects of Polychlorinated
Biphenyls in Rats and Quail

by Joel Bitman, Helene C. Cecil and Susan J. Harris*®

Poiychlorinated biphenyls (PCBs) have been
sdministered to rats and to quail to discover the
nature of the biologieal effects which these
environmental pollutants produce in mammals
snd ards. Bioiogical effects evaluated were-

(1) estrogenic activity of the PCBa in rats,

(2} wlterations of pentobarbital metabolism
induced by the PCBs as judged by sleeping
time of Japanese quai,

(3) alterations of liver vitarmun A, ltver hpds
and liver weight induced by Aroclor 1242 in
rats and quail, and

(4) egg production of Japanese quail

Estragenic Activity

Estrogenic activity was assessed by determining
the stimulation of the uterine glycogen response of
the immature rat uterus 18 hours after administra-
tion of the test compound(l} The potency of
active compounds is reported in terma of the
mimmal subcutaneous dose which will increase
glycogen to a level significantly different from
control. In a series of 11 polychlorinated biphenyls
and terphenyls, the coinpounds containing up to
48%, chiorine were estrogenically active (Table 1).
A polychlorinated tarpheny! containing 427,
chlorine was found to be 8 times more active, This
15 8 low level of estrogenic activity and probably
angee {rom hydroxylated metabolites during
I vivo metabolism,

®United Btates Department of Agriculture, ARS,
Beltaville, Maryland 20705

April 1972

Effects on Pentebarbital Metabelism in
Japanese Quail

The polychiorinated biphenyls have been
demonstrated to stimuiate lhiver ensyme systems
which metabolize barbiturates in rats(2} We
utilized a sleeping-time test with pentobarbital in
quail as o meany of deterruning effects of poly-
chiorinated biphenyls and terphenyls on lLiver
mucrosomal ensyme activity The liver 15 the major
site for the metabolism of foreign chemicals, and a
standard dose of pentobarbital will produce a
standard sleeping time. Stimuiation of the hiver
enzymes which metabolize the barbiturate will be
reflected in a shorter sleeping time, and conversely,
any inhibition of the liver enzymes wiil be reflected
in a longer duration of pentobarbital hypnosis{3}

The PCBs and PCTs were tested for their acute
or short-term effects (48 hours) and for longer-term
effects at 3 and 7 days At approprate times after
administration of the PCBs or PCTs, sodum
pentobarbital wae injected intramuscularly at a
dosage rate of 50 mg/Kg body weight. Birds were
conmdered asleep a= long as they could not right
themseives when placed on their backs

A mngle doee of Arocior 1268 or Arocior H460
sdrmunistered orally at a dosage level of 100 mg, Kg
to mature maje or ferale Japanese quail mmtaily
increased sleeping tmes (Fig. 1} At 18 hours
however, sleeping times were lear than untreated
control values in the male quail, and by 48 hours,
the PCBs and PCTs had stinlated the hver
ensymes which metabolize pentobarbital, so that
sleeping times were only about 50%% of controi
sedation times In the female quail, there was
little effect of the single oral dose after 5 hours In
both male and femnale quail, Aroclor 1268 appeared
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Table 1. Estrogenic Activity of Polychlorinated
Biphenyl (PCB) and Terpheny! {PCT)

Compounds,
Mimmum
Name effective
dose mg
PCB Aroctor 1221 217, Chionne [
TCB Arvelor 1242 327, Cl 8
PCB arocior 1242 427 C1 B
PCB Aroclor 1248 48", Cl ]
PCB Aroclor 1254 545 C) Inactive
PCR Arnclor 1260 807, C) [nactive
PCE Aroclor 1262 627, Ci Insctive
PCDB Aroclor 1268 68 Ci Innetive
PCE Aroclor 4465 8075 PCB,
407, poivchioninated triphenvi { PCT),
657, C1 Inactive
PCT Aroclor Ha42 4277 (] 1
PCT Arorlor 5460 807, Cl Insctive

ta exert greater effecta than Aroclor 5460 The
diphasic pattern elicrted miggests that the PCDa
and PCTs first mbibited the enzymes which
metalolize pentobarbital, but then, at later times,
stinutlate the induction of greater enzymic
activity.

Continuous feeding for 3 and 7 days et levels of
100, 300, and 625 ppm ad huitum stimulated the
inetabohisim of the standard dosc of pentobarbital

PENTORBARBIFA L SLEEFING TiME I QUAN

200 MALE {200 FEMALE 4
= PCH
g 150 4 1503 *¢ “
2N
s 0o}k £ 400 ‘.‘_,/s\.
‘ — - — e e - A
50 F3 ol A i 1 50 .- I 4 1 .1
0 ¥ 20 30 40 50 0 10 2030 40 &
HOURS POST INJ HOURS POLT INJ

Froorz 1 Sleeping times of quand fed POB 12688 or T Ji
5460 Each pomt represents siv qunil

(Fig. 2) Sleeping times were abowt W-707; of
control levels, thus indicating greater metabolinm
of the barbiturate Higher dose levele enerted
greater effects and, again. Aroclor 13 appeared
to be more stimulatory than Aroclor 5460 Sleepnyg
timea were not decressed to as gieat nn extent in
the female quail as in the male

The sleeping tune pattern ehcited by PCBs and
PCTs s 1n marked contrast to that which the
organochlorine pestitide anatogs of DDT produre
m qual{d). DDT and 1ts analogs produce an

EFFECT OF AROCLORS ON SLEEPING THME 1IN QUATL

MALE FEMALE
PCB 1268 PCT 5460
CONTROL CONTROL CONTROL
100ges=~==— 00k ====—==m— ——————
_ 90 TS0 pem 9o b 100 PPM
g 804+ ] 8 ° - 625 PPM
é 70- 70_ 0825 PPM 70,.
5 40 e300 PPM o0 0 FCB o254
0 3 = - FRM
® e 625 PPM 2300 PPM ©
50p 50k 504
a4 ol - A 1 i 4& ' i
© 3 7 0 3 7 3 7

DaYS ON FEED

DAYS ON FEED

DAYS ON FEED

Frauax 2 Sleeping times of gual fed PCB 1288 or PCB 5460. Each point represents six quail
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Table 2. Liver Changes in Male sand Female Rats sfter Feeding Ad Libitum for Two Months Diets Containing

100 ppm Arcclor 1342.
Liver wt Liver hpid Vitamm A
‘Treatment n g2 BE % x8E ug/g irver mg/ iver
Female rais
Contml 10 6 4% 2 315+ 04 47923 4 54+ 20
Aroctor 1242 10 Tax 2 J 46+ 08 U415 225+ 110
Male rats
Contrel 10 122+ 4 5 144+ 12 564 + 20 6 82+ 22
Aroclar 1242 8 13 0.8 712+ g 270150 J 46 21t
*p<001
+p <0005
p<0 001,

mitisl inhibition of pentobarbital metabolism, and
slecping times are longer during the first week of
feeding 1n malies and dunng the first 3 weeks of
feeding in female quail.

Efects on Liver Yitamin A in Rats ané Quail

Repeated exposure of rats to DDT results in
degenerative changes in liver tissye, an increase in
liver mze and an increase in liver lipids(4), and a
decrease 1n liver storage of vitammn A (5). The

possbulity that PCBs wouid produce smalar effects
was mvestigated in rats by feeding Aroclor 1242
for 2 months at a dietary level of 100 ppm
(Table 2). In both male and female rats there was
an incresse in liver weight and liver lipids There
was & very striking decrease of about 509, i1n the
liver concentration and content of vitamun A
Aroclor 1242, fed to male Japanese quaii for 2
months at a dietary level of 100 ppm, produced
simular effects, an increase in liver weight and

T
UVER VIT A CONC IN GUAR OTAL LIVER VIT A IN QUAL
150 FEMALES
LAYING
FEMALES —
_12s} 125}
3 LAYING 3 NON-L AYING
; NON-LAYING =
8100 pemmm e ————— ceeed ZOt-mmmee B __ _..__l
5 ] o MALES
z MALES 5
2z 75k g 751 —
v o]
-
2 ® (]
or sot
rLl J 25
0 e o
Dol PCH DD PCB DDY  PCH Dot FCB bDT  PCR DOT  #CB
1242 1242 1242 1242 1242 1242

Fioune 3 Liver vitamin A concentrations of qumil fod
100 ppm DDT or PCB 1242 for two months Groups
contained 14 to 20 qual

April 1972

Frounx 4. Total liver vitaoun A of quail fed 100 ppm DDT
or PCB 1242 for iwo months. Groups contaned 14 to
20 quail.
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Figune 5. Egg production of Japanese quail fed PCB
1242 Average production for three day periods w
plotted for groups of 16 qumi

liprids, and a large decresse n liver vitamun A
(g 3 and 4) Female quail that were laying did
not show vonsistent changes Durnng the ovulatory
cycle, large amounts of vitamun A stores are
mobilized to provide the vitamun A for the yolk of
the eggs Becsuse of these large, almost daily

FULL CALCIUM

lgg .O'.Q': 'P"O .. e
- & 1 7 ~0F
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S5 sl id ™
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Figung 6. Egg production of Japanese quail fed PCB 1254
on s full caloum diet Average production for three
day perioda 1 plotted for groups of 16 quail,
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LOW CALCIUM
100 F

CONTROL
treemee-PCB 1254

PERCENT EGG PRODUCTION

i S SR T R N Y
O 6 1218 24 30 3642 4
DAYS

Fiaune 7 Egx production of Japanese quail fed PCR
1254 on u low caleium diet Average production for three
day per:ods w plotied for groupe of 16 qua)

changes, variability in liver vitamin A levels 15
great. In order to determine whether PCBs exert
mmular effects in female quail, a group of young
females were kept in the dark, from the time they
matured (39 days of age), and fed Aroclor 1242 for
2 months, Under these conditions, egg-laying 18
inhibited, and the eyclic mobilisation of vitamin A
for deposition in the sgg yolk does not occur In the
birds kept in the dark, Aroclor 1242 caused about
a 50% reduction in liver vitanun A (Figs 3 and 4)

Effacts on Egg Production

The effects of Aroclor 1242 and Aroclor 1234 on
¢gg production was studied in Japsnese quail
Aroclor 1242 was incorporated 1nto an adeguate
calcium laying mash st w level of 100 ppm for 50
days. Egg production (Fig, 5) was mmlar for
controls and Aroclor 1242-fed tirde dunng the
first 40 days (> 90%,) Average egg production tn
the Aroclor 1242ded quail dechined to about 717
during the next 3 weeke. The number of mem-
branous and broken eggs in the Aroclor 1242 group
was over 2 times that of the control quail
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Aroclor 1254 was fed at a level of 100 ppm in
both & full calewum (2.55%) and low calcium
{¢ 665%) diet Egg production waa not suppressed
by the PCBa in either case (Figs 6 and 7),
slthough thcre was a negative effect of the low
calelum diet. There were no differences in the
numbers of broken or membranous eggs attrnbut-
sble to Aroclor 1254

A depression 1n egg production of White Leg-
horn hens fed Aroclor 1248 was recently reported
by Scott et al.(6). Heath et al.(7), however, found
little effect of Aruclor 1254 or eggshell thickness or
reproduction n mallards or bobwhite quail. An
effect upon egg production snd reproduction of
Aroclor 1242 and Aroclor 1254 haa been previously
reported in White Leghorn chickens(8). Recently,
Peaknll{9) found no effects upon eggsheil weight n
Ring doves fed 100 ppm Aroclor 1254 Thus, there
5 a notable lack of consistency in the published
reports of the effects of PCBa on egg productinn
and reproduction 1n birds

Conclusien

A study was made of the effect of PCBs on
estrogenie activity, liver barbiturate metaboliam,
liner vitamun A and egg production uaing a limited
number of PCB materials. It appears that the
biological effecta of apecific PCB compounds are
cifferent, as mught be expected with this series of

April 1972

materials containing compounds which differ so
greatly in chlorine content and in chemical and
physical properties More extensive research on
individual PCB compounds must be undertaken to
assess fully the biological effects of polychiorinated
biphenyis on mammals and birds
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Encrronmental Health Parspectioes

PCBs and Interactions with Insecticides

by E. Paul Lichtenstein®

The effects of polychlorinated biphenyl plaati-
cizers, like those of many other environmental
chemicals (‘“'synthetic chetucals to which maa
18 exposed by either voluntary or involuntary
means’’), on biological systems are not too well
understood. When research by our group at the
Umversity of Wisconsin Indicated 1n 1969 (1)
that several of the Aroclor compounds increased
the toxiaty of DDT and dieldrin to insects, their
potential biological interaction with environ-
mental chemicals wsa indicated. Since then
further studies were conducted in our laboratory
to investigate the effects and interact:ons of
environmental chemucals on human cells in tisme
culture by determining the toxicity of some of
these chemicals on HeLa cells and skin fibro-
blasts (2) Aroclor 1254 (a polychlorinated bi-
pheny! piasticiter), carbaryl, parsthion, DDT,
several insecticide metabolites, aspirin and caf-
feine were used to determine their effects on cell
growth and aynthesis of proteins and nucleic
acids. The dossge causing s 509 inhubition in
cuiture growth was determined, and the interac-
tion or combined effects between these chemicals
relative to their effects on protein and nucleie
acid synthesis waa studied. Both cell types re-
sponded nearly equatly to the presence of an
individual chemical. Aspirin and caffeine were 8
to 20 times less toxic than the other chemicals
studied, while Arcolor 1254 was as toxic as DDT
(Fig. 1). Parathion was moare toxic than its me.
tabolite paraoxon. Para-nitrophenol was as toxic
an parathion. 1-Naphthol was less toxic than its
parent compound carbaryl. The toxicities of
DDT and DDE were dependent upon cell type.
Little significant interaction on nucleje acid or
protein synthesis was seen (2).

* Department of Entomology, Univermty of Wmsconmn,
Madwon, Wisconain 53708,

April 1972

Utilizing insects as the test cbjects, the bio-
logical interaction between plasticisers and some
insecticides was also investigated (1) Because of
the structural mmilarty to DDT-related com-
pounds, 1! plasticizers were tested for their
tuxicological interaction with dieldrin and DDT
Miany of these polychlorinated hiplteny! com.
pounds were toxic to Drosophila melanogaster
lMeigen and house flies, M usca domestrica L, but
to a lesser extent than dieldrin or DDT. Thewr
toxicity increased with a decresse in their chlorine
content Dieldnin, DDT, or any one of the lesa
chlonnated and more volatile plasticizers (Aroclor
1221, 1232, 1242, 1248, 1254) were toxic to both
test insects (Table 1), While these polychlon-
nated biphenyls contain increasing amounts of
chlonne, their toxicity towards the insects de-
creased D:eldrin was the most toxic of the com-

A1

mL F BL_ASTS

opT

% INHIBITION OF CELL GROWTH

: i
3R W0 750 500 750

CONCENTRATION-PPM

Fiaunz 1| Dosage-response curves obtsined after 48.hour
exposure of human cell cultures to varous concentrs-
taions of p,p-DDT, Aroclor 1254 (PCB). aspiin and
caffeine (Rel 2)
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Tsble 1. Effect of plaaticizers or insscticides on inser: mortalitses.
——-_-—-__‘—-—-
D meianogascer House flves
—_—
Applieds T mortalty Appliedy R N
_— _"“'

Material (ng) 24 br 48 br (ug/g Aiy) b1 ; -
None: 0 0 n
Dieldrin 01 31 B4 In "
p,n-DDT 30 24 58 250 s'
Arovior 1221 200 0 0 500 1-
800 57 92 1000 a
Aroclor 1232 200 0 o 500 n
800 35 &4 1600 n
Aroclor 1242 200 0 L1 500 I
800 10 73 1000 n
Aroclor 1248 200 0 0 500 13
800 15 45 1000 13
Aroclor 1254 2000 0 ] 1000 10
Aroclor 1260 2000 0 4] 1000 n

* Applied 1n § m! hexane to 4-os giass jars. D, melonogaster exposed to dry ressdue.
v Applied topically Lo house flien in 2 uliter of aeotone. Weight of ) fiy = 20 mg.

* Controls were treated with solventa only

pounds, as measured by the percent mortality of
the insects within a 24- or 48-hr exposure period.
Approximately 25 and 30 times more DDT than
dieldrin, and 8000 and 1000 times more plasti-
cizers than dieldnn had to be used to obtam
sinular mortalities of D). melanogaster or of house
flies, reapactively, within a given time of exposure
to thoese chemicais. The more highly chlorinated
and Jess volatile piasticisers were nontoxic even
when used at dosages of 2000 ug with D. melano-
gasier and 20 ug/fly (1000 ug/g fly) with house
flies.

Table 2 summarizes the results obtained after
the nsecta had been exposed to sublethal dosages
(200 ug for D. melanogaster, 10 ug/house fly} of
either one of the plasticisers (Arocior 1221, 1232,
1242, 1248 or 1254) and in combination with
dieldrin or DDT. Though no appreciable insect
mortalities were observed with plaaticizers alone,
they signtficantly mcreased the toxic effects of
both dieldrin and DDT This effect was most
noticeable with DDT on house fhes, and differ-
ences observed were highly eignificant. After a
24-hr exposure pertod, 389, of the house flies had
died after only DDT had been applied However,
ail the insects were killed when DDT was applied
in combmation with any one of these plasticizers

152

The polychlonnated biphenyls also increased
the toxic effect of DDT with D melanognaer,
but to a leaser extent. The most stnking effect
was observed with Aroclor 1221 Aroclor 1260,
1262, 1268, 1265, 5442 and 5460 applied with
dieldrin or DDT to glass surfaces to which D
melanogaster were exposed reduced the toxcity
of the insecticide, resulting tn mortalities of 30,
to none within 48 hr (1}.

In particuiar, though. a substantial wcresse
in the toxicity of organophosphorus insect:cides
to houseflies was aclueved w:ith polychlorinated
biphenyl plasticisers (3). Aroclor 1248—although
nontoxic by itself to house flies st dosages of 10
ug/fly—saignificantly increamed the toxicitv of the
oxygen analogs of five organophoaphorus insects-
cides after simultaneous topieal application to
houseflies. Both p,p’-DDT and p,p’-DDE, appiwed
a4 sub-lethal dosages, also increased the mortality
of houseflies due to parsoxon from 2 to 80 and 73
per cent, respectively The polvchlonnated bi-
phenyl plasticiser, applied mmuitaneously with
parathion, however, decreased the tomcity of
parathion to houseflies but increased mortalittes
when applied to flies one-half hour after the apol-
cation of the insecticide The plasticizer apparently
mhibited the conversion of parathion to tta toxic

Environmenta} Health Perspectives

MONS 208247




hre

Labit 3. Combined effects of plssticigers and
s ticides on insects.

., mertahtren of nsects after exposure to

Nir Theldrin
s Licide

»,p-DDT

b r

1> melanopasier after 48 hre

ol {l 68 £6 5446
I a 8740 03 & 5¢
L ( 8143 84 £ 6
't H+? 7748 B3£6
i 1] 72 44 77x3¢
oA ¢ 103+ 473
Houwse flies after 24 hr
\ope \] 2745 38+8
[l & 493 10C4
Bt 4 278 1004
NN 1 LYY [P
14 G 5811 10G#
o 5] 2440 1004

3 melawognster were exposed in 4-01 glas jars Lo the
ludace depusst of the chemicals plasticicers, 200.g,
v, DT, 30 0
Weaawv jars witiioul plasticisers contaned 250 ug of
= mi ench
45 thfirrences obiamad between treatmenta with the
wtenle only and these with inseclticide plus plasticiser
1~ gniheant at Ui cm 1%, d @ 0,177, or o= 59, level
? eneals wen apphied topreally in 2 uliter of acetone
vaseliex plaxticizers 500 ug/g Ay ; dieldrin, 0.75 ug/g
* BT, 15 & g fly Control obnly scotone was applied
3oght of 1 fly =24 mg,

s ination product, parsoxon, and the breakdown

safuoxon 1ute nontoxic compounds. Thie was
wo mdicated 1)y the recovery of larger amounts

\pril 1972

of “C-paracxon and smaller amounts of water
soluble “C-products from flies irested mmul-
taneously with Arocior 1248 pius paraoxon, n
comparmson to0 those which had been treated
with “C-parsoxon only Utilizing the 10,000 XG
supernatant from housefly homogenates, the
addition of Arocior 1248 with “C-paraoxon in
vitro also resulted—after 2 hours incubation at
30*C—n higher recoveries of “C-parmoxon and
o & reduction of the appearance of water soluble
MC-products. Identical results were obtained
with subcelluiar fractions (10,000XG syperna-
tant) from flies that had been treated with Aro-
clor 1248 eghteen hours before homogenate
preparation. No difference was observed in the
degradation of parmoxon or the appearance of
water soluble products with Aroclor apphed to
the living flies or to the 10,000 X G supernatant
of homogenates from untreated flies (3).

Since plasticisers are 1n the environment, their
potential effects on biological systems, especially
in combinstion with other synthetic chemucals,
should not be disregarded.
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Enwvironmenzal Health Perspactives

Polychlorinated Biphenyl Interactions with

Tissue Culture Cellst

yy Roger Hoopingarner, Atbert Samuel, and David Krause*

The mccessful use of tissue culture ceils In
.geal work 15 now almost G0 years old, How-
+ the applicability or the “fitness” of these
. to demonstrate biological principais 18 still
vod 1t s well known that many of the cell
~ hear little resemblance to the parent tissue
urgan cells Yet isolated functional cells of
« slv.propagated clonal strans, that can per-
v speclized, organ-specific functions for
anged periodds, have been produced in nearly
tls numbiers {1). The loss of specific func-
* has been aseribed to (i) selective overgrowth
ronsectn e tizsue celis, (n} & phenotypic
snge 1w the cultured cells, or (ni) inadequate
larmful environmental conditions (2) In
ler to cirenmvent these problems, primary
linex are used and tested before the line
sapts ' to culture conditions through aneu-
wly or other means
The use of tissuc culture cells for the examina-
n of environmental chemicals has been rela-
“sth recent (3) The effects measured have
«n () mlnbrory dose, (ii) toxic dose, (il1)
wotovie effects, and (1v) chromosome aberra.
ne Samnel (1) has used Loth established and
man eell hoes alwo to study the metabolism
{ cenain pesticides. Litterst and Liclilensten
- usmg Hela cells and 8 cell line of non-malig-
it onigin found that the interaction of DDT
v LD (Aroclor 1234) that had been found in

= wus nbsemt They concluded that the various

P Leminbitiog from the Michigan Agricultural Exper.
Te bdon (Araele 3R32)  Ihis research was supported

i by futds peovided by the Food and Drug Adming-
Pt DLW yuder eontenet FDA 71-285

Hleoartnunt o f Lutemology Michigan State University,
< lansmg Myingan 48824
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S

interactions of chemycals with the ceil Lines had
no correiation to intact animals

The use of human pnmary cell lincs was en-
hanced greatly with the discovery of the mutotic
stimulus of the mucoprotein phytohaemaggiutimin
{3). The leucocyte culture techniques deveioped
by Moorehead et al (6) proved to be most auit-
abie for in vitro cell studies of human cells and
chromosomes The method also allows an n
vivo clieck for chromosome effects (7) and, as
such, may offer a comparison of in vivo with In
vitro effects on esserrilally the same ceil,

In the studes to be reported here, we used
Chinese  hamster ceils (quasi-diploid epithehal
cells, CH-461) and primary human lymphocyte
cells. The Chinese hamster cell line has a genera-
tion time of approximately 24 hours. They were
grovn in Eagle's minimum essential medium
supplemented with 109, fetal calf serum,

The lymphocyte cultures were obtained from
blood of laboratory volunteers and were grown
in chromesome mediuin 1A from Grand Island
Biological Company. The cell cycle time varies
with individual donors but s approximately 24
hours after a ‘lag’ penod of from 24 to 48 hours
prior to actavation,

The PCBs were obtained from the Monsanto
Company and were used without alteration
The gas chromatography of the PCBs was ac-
complished using a 50 foot X002inch SCOT
column of Apienzon L at 200°C Detection was
by hydrogen flame 1onization detector

The growth suppression of Chinese hamster
cells with PCBs and DDT are shown in g 1
These data are comparable to those found by
Litterst and Lichtenstein (3) though they diud
not directly study an 1D, usimg both chenucals

MONS 208249 155




T o degvar .y

t

GROWIM Or CHINESE HAMSTER CELLS

wilw rce & DO?

INCREASE
:
e
¥

cantrpl
e
— o
L1 o
: ./ -~ D18 DRT-PCHR
-l
o
= g0
M
L
a0

HOUVRS

Fiaone 1, Growth of Chiness Hamater cells mth PCB
and DDT

mmultaneously. The toxic dose of the chemical
was several times grester than is usually found
biologically.

It ia of some interest to note the disintegration
of cells in the pennd from 24 to 30 hours, when
the cells were being stremsed from culture condi-
tions, Thia same phenomenon can be seen from
the differences between 24 and 30 hours in Table
1. This Table gives the relative growth informa-
tion for the different PCBa. As you can see, there
was 3 steady drop in cell numbers as ope de-
croases the percentage of chlorine. The Aroclor
1016 is s distiliation product of 1254, which essen-
tially exciudes the biphenyls of five chiorines

Table 1. Populations of Chiness Hamster Calls
Cultured with 50 ppm of Yarious PCB's

PCB 24 hrs* 30 hrs
None 355 0 36+4.4
1260 275 0 Tx17
1254 235 8 0zl 7
1248 18601 5kl 4
1221 1620 4 1143 4
1016 4411 120 4

® Average of ten replicatas Count of cells/unit oeylar
gnd area.
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Fiovae 8 Gas Chromsiogram of Aroclor 1018,

1 shove The product is still a biphenyl, but
t ~ee it is derived differently, the prefix is changed,
L -m 12 to 10 DBased on the percent chlorine,
\oclor 1016 falls out of the pattern of toxicity.
vou look at the gas chromatographic palterns,
« toxicity 18 somewhat of an mnomaly. For
~ample, the Figures 2 through 6 are the chroma-
¢ama for the various PCBs usng the support-
wied open tubular, or 8.C.0.T., columns,
The pattern of 1016 was very much like that
wnd for 1232 or 1242 yet 1016 was several fold
-ore toxie to the tissue culture ceils. It would
swpear thet there may be certain components
- at are 1n higher proportion in the 1018 product,
und these components (or component) are causing
aic increase 1n toxicity. We have fractionated
~ust of the chromatographic peaks wnto their
~wmponent paris and are currently assaying them
o determune the relative toxicity of each.
The human lymphocyte cultures are of course
1 pnmary cell Line, and in fact we examine the
~lls evtologically at the first n witro divasion.

AMCHANSED
gl

LYNPHeCTYL

fierne 7 Diagram of Cultured human lymphocyies at
first 1n vitro divimon

April 1972

Tahle 2. Human Lymphocytes Treated with 100
ppm Aroclpr 1254.*

Satelite  Chro- Chro-

Penod of PCB Mitotic  Assoc-  matud matid

Treatment Index ation Gap Breaks
Test !

0-24 hrs, 032 9 5 1
44-52 hrs, 009 15 3 1
49-52 hre 017 3 4 0
Acetone check 022 [} 3 0
Control 012 4 5 1
Test ¢

0-24 hrs. 017 10 } 0
44=52 hrs 007 4 4 0
49-52 hrs. 012 4 2 1
Acetone check 009 4 3 0
Control 008 8 2 )

* 50 celis analysed /lest/treatment

The cells are shown diagramatically in Fig 7
Within the body, th# iymphocyte s in s diff-
ferentiated state G,. These cells are then acti-
veted or traneformed into s division cycle with
phytohemagglutinin. Sasaki and Norman (8)
have shown that the small lymphocyte finishes
ita tranaformation in 24 to 48 hours after stimu-
lation and begins & peniod of cell proliferation
with a generation time of 22 hours, G,, 8, G,
and mitosis are 6, 11, 3, and 2 hours, respectively
We treated these cella with Aroclor 1254 at 100
ppm for the first 24 hours and again dunng the
last eight (8 plus Gy}, and the last three hours
(mitosis). During the first 24 hours, the cells
would be in some stage betweer G, and G, The
celis were then examined cytologically for chromo-
some aberrations for the various stage treatments
The results are shown n Table 2 PCBa seem to
have no effect on chromosomes under these
conditiona.

The resulta of this study would indicate that
established tissue culture lines are more sensitive
than primary cultures to at least one PCB mux-
ture. The various PCB muxtures are generally
more toxic as one decreases the percentage of
chiorine. The distillation product 1016, however,
was more toxic to these cells than was indicated
from the percent chlorine content or from its
gas chromatographic psttern At 100 ppm of
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1254 10 human lymphocyte cultures, there was
no apparent effect to the chromosome integrity
as measured by cytological evidence

Tissue culture systems may not always be
mndicative of whole body conditions, However,
these systems do offer some uniform conditions
for many definitive studies of environmental
chemicals With substantial data for comparative
tests they may be good indicator aystems. The
human lymphocytes system also uifers the com-
parative cytological test for both i vivo or in
vitro exposure,
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Envuonmental Heslth Perspectives

Toxicities of PCBs to Fish and
environmental Residues

byDavid L. Stalling and Foster Lee Mayer, Jr.*

Polychlornated biphenyls (PCBs) have been
xnd 1 fish and wildlife from many parts of
e norld at levels which may adversely affect
vustic orgamams and interfere with peaticide
~uue wnalyses (1, 2, 3, 4 The environmental
~rurrence, uses, and present toxicological aspects
{ PCBs werc recently reviewed by Peakall
wd Lincer (), Gustaffson (8), and Risebrough
' PCBs have gas chromatographic charac-
enstics mmilar to many organochlorine insectt-
ndes fenmen (8) first 1dentified unknown gas
+hromatographic peaks as PCBs in extracta of
wke and an eagle which were analysed for organo-
+hlorine tnsecticides.

The Monsanto Company s the sole manu-
iscturer of ’CBs in the United States (8) and
markets eght formulations of chlornated bi-
phenvls wnder the trademarks Aroclor 1221,
1232, 1242, 1248, 1254, 12680, 1262, and 1288.
The Iatter two digite designate the percent
chlorine of each formulation. Aroclor 1248 and
t>4 arc the materials produced in greatest
quantities and are used as a dielectric fluid in
capaciors and o closed-aystem heat exchangers
W Aroclor 1242 is used as & hydraulic fluid,
aind Araclor 1280, ss a plasticiser. Chlorinated
terphenyly are markeled under the trademark
\roclor 442 and 5460. A mixture of bi- and
terphenvls 18 designated Aroclor 4465, The
Momanto Company has restricted the sale of
PCBs for uses in which disposal of the end pro-
durts cannot be controlled, such as the use of
PCB us plasticizers (6)

————

I'Chrmx.-al snd Fiehery Biologiet, respectively, Fish-
Pesticnde Rewewrch Laboratory, Bureau of Sport Fisheries
el Widie Columine, Mussoun 65201

April 1972

Chomical Compesitien and Analysis

PCBs occur in the sgquatic environment as
mixtures of chlorinated bipheny! isomers (10, 11).
The bipheny] structure may be substituted with
one to ten chlonne atoms, and over 200 com-
pounda are possible (8} The 1somer comnposition
and chromatographic characteristics of each
formulation have been described by Stalling and
Ruckina {12) and Bagley (13). The PCBa c&n
cause serious interierence in gas chromatographie
(GC) determination of chlorinated insecticides
(4). Analysis of PCBs is best accomplished by
GC after separation of PCBs and pesticidea
during sample cleanup using sticic acid column
cieanup (14) No standardized GLC method has
been proposed for the analysis of mixtures of
PCB formulations in environmental samples, The
solubility of these formulations in water have
not been precisely determined but is reported
1n the range of 100-1000 ug/1 (9) Considerable
research remains to be done on the structure of
the 1wsomers of each technical materia! and how
environmental residues of various Aroclors are
to be reported.

Enviconmontal PCB Residues

Analyses of 40 fish (cross-check sample) from
the 1870 National Pesticide Momtoring Program
were made using sample preparation techmques
which separated PCBs from pesticydes and other
industria! residues (Table 1). These analyses
employed GC and gas chromatography-mass
spectrometry (GC-MS) for confirmativu. The
samples were prepared using gel permeation
chromatography (23), and PCBs were separated
from the pestiides with sibicic aeid (14) Only
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Table 1. Composition of PCB residues in selected fish samples from the 1970 National P

eslicide Renidy,

Monitoring Program.

PPCB remidue a8 Aroclor 1 pe (/g whole

tualy

Raver Location Species ~

1232 1248 1204 1260 totat
Ohuo Cumcinnats, O Camp 1.2 75 2 60 I
Ohio Cincinnatt, O White erappie 15.8 17 27 5 h .
Ohio Manetta, O Chaaonel catfish 38 23 it 49 -
Ohio Maristta, O Channel catfish i56 52 12 & 4 i
Yazoo Redwood, Miss Smalimouth buffale 72 — 14 _ -
Hudson Poughkeepare, N Y Goldfish g.6 I73 32 — Y
Allegheny Natrons, Pa. Walleye - 52 46 9
Delsware Camden, NJ White perch - RO 6 R 39 i
Cape Fenar Elizabeth Town, N C Gissard shad it 9 — 26 11 2
Leke Ontano Port Ontarie, NY White perch 129 —_— 46 12 14
M tsausaippi Memphie, Tenn Drum it 2 — 45 4 1o
Merrimac Lowell, Mass 138 75 61 12 T
one of the forty samples contaned leas than 1  Texicity and Bloaccsmulation

&’z PCB remdue. The composition of PCB
remidues in a lake trout and coho salmon were
exemuned by GC-MS and found to be a mixture
of Aroclor 1248 and 1254 (Figure 1), and residues
of PCBas were in excess of the “DDT' residue
levels (Table 2).

Widespread pollution of the major waterways
has occurred, and appreciable PCB residues
exist 1n fish, In view of the PCB bioconcentration
in fish, PCB levels a8 high as 5 sg/]l may exist
in the watera of the Hudson River. These levels
are certain to have adverse effects on aquatic
Organisms

Fish

Chronic and acute toxiaity studies on aqualir
organisms are quite limited Due to the lou
solubility of PCBs, tests to obtain 96-hr LC,,
values do not adequately reflect their toxicitie
to fish (Table 3). For Aroclor 122}-1268, 90-hr
LCi values ranged from 1,170 to 30,000 ug !
for cutthrost trout (15). The acute oral toxicity
of Aroclors 1242, 1248, 1254, and 1260 was
greater than 1500 mg/kg in rainbow trout

Intermuttent-flow bioassays of Aroclor 1242,
1248, and 1254 to bluegills resulted in 15-dsy

Table 2. Pesticide and PCB Residues |n a Cobo Salmon and a Lake Trout from Lake Michigan.

Restdues in ug/g whole fish
p.p’ womers o,p’ womers Total PCB { Aruclor)
Dieldnn “DDT"
DDE DDD DT DDE DT 1248 1254  Total
Lake troutt 0 10 130 18 5.2 o9 18 227 12 0 t6 0 280
Coho salmon® 0 10 43 08 23 o4 [N -3 83 87 67 134

! Caiculated from ratios of charscteristic 1248 and 1254 peake
t Lake trout (33 L)—taken 10-14-60. 690 mm, 3500 gm, :mmature M Taken in 2 5 fathoms in Little Bay de Noc

Michigan

* Coho salmon (7Cs)—taken $-3-60. 875 mm, 5718 gm F. Taken in 17-10 fathoms 4 miles NW of Manistee, Michugas
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i values of 54, 76 and 204 ug/1, respectively
bl 4). Exposures to channel catfish gave
day LCuo values of 107, 127, and 741 ug/1 for
x mwme Aroclors, All LCy values decreased
mficantly with longer exposures. The 20-day
. values for Aroclors 1248, 1254, and 1260
wre 10, 135, and 245 xg/1 for bluegills and 300,
of 296 ug/1 for Aroclors 1254 and 1260 with
et catfish at 20°C. The toxicity of Aroclor
& 1o bluegills and channel catfish increased
wioid at Z7*C. The toxicity of the PCBa to
< u mversely related to percent chlorine (higher
veclor number).

la chronic teste to determine the effecta of
toclor 1242 and 1254 on fathead munnow repro-
=ction, all heh exposed to greater than 8.3 ug/1

6-‘--5..’--5-4,‘.}..&.&.-'-

'wrxe | Composition of PCB residues in fish Arrowsand
\rangies designate the most characterstic peaks of the
Aroelor Al numbered peaks m chromatograma of
fab extracis are PCBe These numbers designate the
sumher of chlonne atoms in the compounds as de-
wrmined by mass spectrometry Temperaturs pro-
fun nte 4°C/min, He ¢ payg, 50° X0 020" s d SE-
% 3COT column, PE-2708 GC-M8S

Apetl 1972

Table 3. Acute toxicity! of several Arociors to
selected fighes.

Arcclor Species Temperature 86-hr LC,s

< (ug/1)
1221  Cutthroat trout 8 ps 1170
1232 Cutthroat troyt 80 2, 500
1242  Cutthroat trout 89 5,430
1248  Cutthroat trout 89 5,750
1254 Cutthroat trout 80 42,500
1280  Cutthroat trout 89 60,900
1262  Cutthroat trout 8 0 50,000
1268 Cutthroat trout 89 50,000
1248 Channel catfish i8 3 8,000
1254 Channel eatfish 18 3 12, 000
1248  Bluegills i8 3¢ 278
1254 Biuegilis 83 2,740

1 Static bionssay.
v Alkalmity, 159 ppm, pH 78
4 Alkahirity, 386 ppm; pH 71

of each Aroclor died. Reproduction occurred at
and below 8.3 xg/1 Aroclor 1242 and at and
below 2.8 ug/1 Aroclor 1254 (17).

Accumulation of Aroclor 1248 and 1254 by
bluegiila chronically exposed to 2-10 ug/l was
from 26,300 to 71,400 times the exposure levels
for both PCBs. Concentration factors were not
strongly dependent upon water exposure levels,
but & direct correlation of water concentrations
and whoie-body residues may exist. No major
modification of the PCB wsomer ratios was ob-
perved in the tissue residues, and no new com-
ponenta were identified (18),

Cobo saimon fed Aroclor 1254 for 240 days at
concentrations of 14.5 to 14,500 ug/kg body
weight per day (distary concentrations of 0.4 to
580 ug/p) sccumulated whole-body residues
which were 0.9 to 05 times the exposure levels
(300 mg/kg highest residue value). Growth tates
were not affected; however, all fish exposed to
the highest trestment died after 240 days’ ex-
posure, and thyroid activity was stimulated n
all but the lowest treated group (19)

Direct water cxposures appesr to represent a
greater hasard to fish than dietary exposures,
although both contnbute to tissue remdues How-
ever, in the environment the kinetics of remdue
uptake from dietary sources could be more -
portant, since PCBs have a high affinity for
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Table 4. Intermittent-flow bicassays of Aroclor against three Gehes

LCu (ug/1}
Arocler Species 5 days 10 days 15days  20dms 23 dava TR
1254 Rambow trout 156 8 - - _ _
1200 - 240 ™ 21 - -
DDT 228 0 87 0 26 - - _
1242 Bluegila 154 72 54 _ _
1248 307 160 76 10 —_ _
1254 - 443 204 135 54 B
1260 — — — 245 2 1
1242 Channel catfish -_— 174 107 —_ —
1248 —_ 225 127 — — -
1254 — - T41 300 13
1260 - — - 298 , 166 §37
1248 llluegilll 137 (] —_— _— - _
12481 Channel catfish — B4 57 —_ — _

! Temperature, 20°C; alkalinsty, 260, pH, 7 4,
t Temperature, 27°C

sediments and PCBs can readily enter food
chawns (20, 21)

Aquatic Invertebrates

Daphnia magna. Aroclor 1248 is the most
toxic of the Aroclor senes to Daphniwa, and pre-
liminary studies indicate that leveis above 5
ug/1 are not safe for reproduction (17). After 48
hours’ exposure to 300 ug/l, Daphma concen-
trated Aroclor 1254 by 48,000 times (22).

Gammarus pseudolimnacus: The level of Aroclor
1248 that did not affect reproduction was com.
parable to that for daphinids, ca 5 ug/1 (17). The
96-hr LC,, values for Aroclor 1248 and 1234
were 52 ug/1 and 2,400 ug/1, respectively (Table
5). Scud were more sensitive to Aroclor 1242
(98-hr LCyu=10 ug/l1). After expoaing snother
species of scud (Gammarus fasciatus) to 16 ug/l
Arocior 1254 for 14 days, the PCBs were con-
centrated 27,000 times the exposure level. No
further increase in PCB residue resulted after an
additional 21 days of exposure (22).

Orconecies nais Crayfish were more susceptible
to Aroclor 1242 (7-day LCio=30 ug/1) than they
were to Arocior 1254 (7 day LCu=80 ug/l)
PCB residues 1n crayfish did not reach equibbrium
after a 28-day exposure to Aroclor 1254, and the
uptake was linear during this period (22)

Palaemonetes kadwkenms Glass shrimp were
very sensitive to Aroclor 1234, having a 7-day

162

LCiy value of 3 ug/1 compared to a ~day L(,,
of 1 ug/1 for DDT (22)

Marine Organisms

Immature pink shrimp were extremely sensitive
to Aroclor 1254 exposures [Fifty-one percent of
the shrimp died within 13 davs when continn-
ously exposed to 094 pg /1 Aroclor 1234 (23
Mortalities 1n two estuarine fishes (Lagodon
rhomboides and Lerostomus ranthurus) exposed
for 14 to 45 days to Aroclor 1234 were obsened
at 5 ug/l. Fish mortalities were not observed at
1 ug/1 during the same exposure time (24) PCB
concentration factors in these fish were similar to
uptake by freshwater fish (1-3X10* times the
exposure levels).

Correlatlon and PCB

Residues

of Reproduction

In preliminary investigations, Jensen et al
{25) reported & possible relationship between
PCB residues in salmon eggs and egg morahn
m Sweden On a fat basis, PCB residues in egg-
ranged from 7 7 to 34 ug g and mortalits rauged
from 16 to 100 percent A regression analysis of
their data resulted in a coefficient of correlation
of 083, and the correlation was significant at I’
.001.
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Table 5. Aroclor and DDT toxicily 1o invertebrates,

Campound Urganiam' Binpssay type! Exposure LCw
(davs) (ug/ L}
wrxclor 1152 rayfiah atatie 7 30
veelor 1254 Crayfish aintic 0 100
woelor 1201 Crayfinh continuoys-flow 7 R0
onT Cravfish static 4 100
wmelor 122 Scud continuous-flow 4 10
ymelor 1242 Seud continuous-flow 10 50
wmelor 1248 Seud static 4 52
wrclor 1254 Send static 4 2,40
BnT Seud static 4 32
npT Seud continuous-flow 5 06
woclor 1254 Glazs shnimp continugus-flow 7 30
poT Glass shrimp static 5 i0
DT Glasa shrimp continugus-flow 3 13
yroclor 1242 Dragonfly static 7 BOO
yraclar 1254 Dragonfly static 7 1,000
ymelor 1242 Damselfly continuous-flow 4 400
sroclor 1254 Damoselfly continuous-flow 4 200
poT Damselfly static 14 50

1 Cenviish {Oroonecies nara), Seud (Gammarus fasciatus), Glasa shrimp (Paleemonetes kadwkensw), Dragonfty {Ma-

aomia ip ), Dameelfly {/scAnura rerticalrs)
* Temperature, 15 0°C, alkahnity, 35 ppm, pH, 7 1

Summary

The occurrence of high levels of PCB residues
m aquatic orgamsms (fish and invertebrates} as
complex muxtures of Aroclor formulations has
been determuned by GC analyms and confirmed
by GC.MR Surtable methods for sample cleanup
metlude gel permeation and silicic acid column
chromatography. Agreement on methods for
reporting PCB residues 18 lacking.

The hughest concentrations of PCB residues 1n
freshunater fish oceur 1n rivers which are asso-
tuted with industrinlised areas, ie Hudson
River (ca 200 ug/g whole body residue) and the
Oho and Allegheny Rivers (ca 100 ug/g). Residue
levels sssociated with these rivers approach
PCB residues which were associated with fish
mortalities in chronic continuous-flow exposures
(0-H00 ug /g)

Concentration of PCBs by figh 18 greater than
0,00 times the exposure levels. Sinular concen-
nuen factors have been observed for inverte-
brates Adverse effects on reproduction of aquatic
organumis may oceur at PCB concentrations of
v ug 1 or less Further studies are required to

April 1972

detertmme more definitely the exposure levels
which do not adversely effect aquatic organisms

The problem of PCB residues 1n industralized
areas can be greatly improved by close momtor-
ing of effluents and by identification of thase
PCB uses which contribute to effluent contamina-
tion. Elimination of widespread PCB residues in
fish at concentrations of 1-20 ug/g will require
greater efforts, such as the control of PCBs from
sewage treastment plants and other as yet un-
wdentified sources of PCBs into the aquatic
environment.

Related Materials

Chlorinated napthalenes are recommended for
uses sumulur to those of the PCBs (27) These
materials are recovered by the same analytical
procedures as the PCBs {28) and may be recog-
nited by their gas chromatographic elution pat-
terns if PCBs are not present The materials are
designated Halowax 1000, 1031, 1099, 1013,
1014, and 105! and are listed 1n an order of n-
creasing chlorine content (27). Aquatic toxicty
information 8 not presently avaliable, nor has
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the persistence and fate of these materials been
examined 1n the aquatic eovironment

10

12.

13

4.
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The Sensitivity of Fish ATfases to
Polychlorinated Biphenyils

by L. K. Cutkomp, H. H. Yap, D. Desaiah, and R. B. Kocht

In spite of widespread concern about the pos-
oble hazards of polychlonnated biphenyls (PCBs),
httle 1s known about the action of these materiala.
fc have therefore examuned the in vitro (1, 2)
and i vivo (3) effects of PCBs on the adenosine
riphosphatase (ATPase) enzyme system. We
mave found some effects which are aimilar, yet
detinctive, to chemmcally related compounds of
the DDT type. A background of earlier research
»ith DDT and closely related chemucals has
shown ihe greatest mhibition on Mg**ATPase
and jeas on Nat-K+*ATPase (4-7). Subsequent
research showed that mitochondrial Mg**ATPase
of fish and insects was most sensitive to DDT
) The results from testing several PCBs on
the AT’ use enzyme system are presented in this
manuscripl

Matarials and Matheds

Twmes from blucgili fish, Lepom:s machro-
chirus, were dissected, homogenized, and frac.
tonsted by centrifuging at 13,000 Xg for 20 run-
utes, and the sediments were resuspended m 0.32
M sucrose, | mM EDTA, and 10 mM imidazole.
The fruction vbtained (B) contained mitochon-
dnal and nerve ending particles. Each prepara-
ton was appropriately diluted and the samples
were quick [rosen in liquid nitrogen and stored
st -20°C. untl the ATPuse assay ATPase

* Preptired hiy the Depurtment of Entomology, Fisheries
snd Wildhfe, Univermity of Minnesots, St Paui, Minne-
mia 0101 A review amd condensation of publications (1),
{2), and (D

1 M4l Bcrentint, Honeywell Corporate Research Centaer,
Hepkins Minnesots 55343

April 1972

activity was detcrmined using the enzymatic or
continuous procedure in which catalysts pyruvate
Xinase and Iactic dehydrogenase were present,
and NADH (reduced nicotinamide adenine di-
nucleotide phosphate) 18 oxidized to NAD (mico-
tinamide adenine dinucleotide phoephate) for
spectrophotometric determination at 340 nm
The procedure 18 detmled in Pullman et al (9),
and Fritz and Hamrick (10), and in Yap and
Cutkomp (11) Mg**ATPase activity was meas-
ured when one mM ousbain was in the reaction
mixture. Ouabain s & cardiac glycomde which
specifically inhibits the Na*-K*ATPase Mg?-
ATPase was further separated into oligomycin-
sensitive (mitochondrial) and oligomyecin-insensi-
tive portions by adding 0.03 ug oligomycin
{oligomycin A 15%, B 85%) per ml reaction
mixture Oligomycin insensitive Mg**ATPase 15
generally more prominent in microsomes (endo-
plasmic reticulum and plasma membrane) and
is present to & small extent in mitochondra,
Four PCB preparations (Aroclor 1221, Aroclor
1242, Arocior 1254 and Aroclor 1268) and a
polychlorinated terphenyl, Aroclor 5460 were
investigated for effects on the ATPase systems
Aroclors 1221, 1242 and 1254 were dissoived 1n
ethanol, and Aroclors 1268 and 5460, in acetone,
and sdded to the reaction mixture by slowiy
releasing the solution from s Hamilton mucro-
syringe under the liqud suriace of the vortex of
a rapidly-stirred reaction mixture This pre-
vepted sedimentation and promoted the forma-
tion of colloidal mixtures Reaction temperature
was 37°C, except for muscle homogenates, where
the temperature was maintaned at 27°C The
amount of solvent added (never exceeding 5 ul)
with the PCBs had no effect on the ATPase
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Fiounz | Arocior 1242 intubition (Probit Unita) of oligo-
mycin—insenaitive Mg** ATPase from fish homogenates
ATPase activity of unireated 1n ymoles Py, mg=! protein
hr! for bren 145003, kidney 161002, DLver
10 440 5, muscle 46 2296, Unbroken hnes computed ,
dotted line connecls actust points

activities. Four tissues of fish (brain, muscle,
liver and kidney) were selected as enzyme sources

Results and Discussien

Those PCBs tested i vitro were generally
most effective as inhibitors of oligomycm-insensi-
tive Mg'*ATPase, particularly from muscle
homogenstes Aroclors 1242 and 1254, which
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Froune 2 Aroclor 1254 inhibition {Probit Unite) of olige-
mycin—imsenstive Mg*t ATPase from fish homogenates.
ATPase sctivity of untreatad 10 umoles P; mg-i protein
hv~! for brain 14 2404, kwdney 17 330, bver 1004
005, muscle 63 75,5
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Fioune 3 Aroclor 1221 inhibilion (Probal Unil<) of ol
mycih—inaengitive Mgt* ATPase {tom fish homogenns,
ATPuse sctivity of untrested in umolex P, mg™t proten:
hr=t for hran 14 240 4; kidney 173240, hver T2
007, muscie 83 7+5 5

are in the intermediate range of chlorination
were more effective than 1221 and 1268 Con:-
pared at 509 inhibition. the ivalues were 06
ppm for Aroclor 1242 (Fig 1), 1 2 ppm for Aroclor
1254 (Fig. 2) and 23 ppm for Aroclor 1221 (Fig
3), the amallest value indicating the most effer.
tive. Mg**ATPase from imtochondria (oligo-
mycin-senstive) was not affected as much in
the PCBs as by DDT-type compounds The Iy,
for Aroclor 1242 was 20 ppm on nutochondrial
Mg*ATPase from muscle, 4.0 ppm from kidnes
(Table 1 and ref. 2) and 3.5 ppm from brain

Table 1. Percent inhibition of mitochondrial Mg
ATPase activity by AROCLOR 1242 in fish kidney
and muscie homogenates.

Concentration Per cent inhibition*
(ppm)

Kidney Muscle
05 +13 7 +26 §
10 +10 4 25 0
20 17 4 67 8
10 620 80 4
B O 66 2 79
16 0 66 0 6 6
Untreated 2¥ 2 56
8p ActxSE x25 +1 1

* (4 ) Values represent the per ofnt enzyime acthalion
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Teble 2 Fifty percent inhibition values (in ppm) of

iTPases determined from bomogenates of biue gitd

b brain. Summarizsed frem references I and 8.
{Lower vaiues denote greater elffectiveness.)

In viitro tests
ATTuscs DDT Aroclor 1242
Total Mg"* 150 R 3
Visochondrial 05 35546
gt (max 847)
hgomycih-
|osepsitive Mg** >765 108
{309%)
\w-K* >16 0 185
(30 %)

|
¥
1
|
t
o 1
i
1
1
|
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Fiounr 4 Aroclor 1242 inhibition (Probit Unmits} of mito-
chondrial Mgt ATPase from fsh homogenates, ATPuseo
sttty of untrested 1n pmoles Py mg™ proten brt for
bran 13 221 1, hver 28 10 004, Unbroken Lines com-
puted, dutied hine connects actual pointa,

Tebie 3. Percent {(nhibition of ATPases In
komogrnates of mitochondrial fruction of kidney
of 4-month Arocior 1242 treated fat-head

minnows
ATPasen
Mg ATPase
ppb i 1242
Mitochondrisl Oligomyen- Na*-K*
inmensitive ATPase
U] 56 23 21
2R 7?5 21 38
B3 45 35 i8

L e _—

April 1972
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Fiaune 5. Aroclor 1254 inhibition (Probit Units) of mito-
chondrial Mg" ATPase from hish homogsnates ATPase
activity of untreated in umoies P, mg~* protein he—! for
brain 13 5£0.35; kidney 28 60 85, liver 39.0:21 25

(Fig. 3). The L for DDT was (0 5 ppm in brain
(Table 2) In contrast to the effective inhubitors,
two of the poorest inhibitors, Aroclor 122! and
Aroclor 1268 (see ref 2), showed some stimulation
of Mg'+ATPase.

Na*-K*ATPase from fish brain homogenates
was inhibited by Arocior 1242, but the concen-
tration required was about 5X that for muto-
chondrial Mg?*ATPase. Aroclor 1242 ie compared
with DDT in Table 2, showing this PCB to be a
better inhibitor of Na*-+ATPase, but poorer
on mitochondrial Mg?+ATPase.

The in vivo studies were conducted with fat-
head minnows, Pimephales promelas, which were
chronically exposed to Aroclor 1242 and 1254
for four months following hatching Comparisans
of ATPase metivity showed considerable inhibi-
tion and somme stimulation over a concentration
range in which fish were exposed to 031, 093,
2.8 and 8.3 ppb. Aroclor 1242 compared with
Aroclor 1254 showed the greatest inhibition of
Mg!+ATPnses, as it had in b vitro studies The
inhibition m the chronic in vivo study was greai-
est on mutochondrial Mg*ATPase from kidney
{Table 3). Inhibition of mitochondrial Mg
ATPase was also greatest in brain and Liver
homogenates Comparisons with muscle homog-
enates were not feasble in the small, chromcally
exposed munnows. The result contrssted with
the inhlabitory effect on oligomycin-insensitive
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Mg!+*ATPase which occurred in vitro A maxi-
mum inhibition by Aroeclor 1242 in treated fish
{in vivo} was 757, on mitochondrial Mg**ATPase
and 35% on Na+-I{*ATPase In contrast, Aroclor
1254 did not inhibit mitochondrial Mg**ATPase
in kidney but gave 309, Na*-IKK*ATPase inhiln-
tion in the group of fish trested with 8.3 ppb
{3). Resuits from bramn tissues showed more
conmstent inhibitory eflects than did other
tiss8l1e8

Overall, PCB-treated fish showed more vana-
tion of enzymic effects than i vitro determins-
tions Thus, although the precsion of the resuits
was greater in vitro than o vivo, both approachcs
seemn desirable for assessing the mode of action
In both cases the greatest effecta were on Mg~
ATPase, with lesser effects on Na+-IK{*ATPase
Of the Aroclors studied, those in the intermediate
range of chlonnation appeared to have the great-
est inhibitory effect on the ATPase system.
Aroclor 1242 was s particuiarly good inhibitor.

Conclusions

The ATPase enzyme system 1in fish is adversely
affected by all PCBs studied Mg**ATPase is
inhibited to the greatest extent in muscle, but
effects 1n kidney, bram, and liver also occurred
Fiity per cent inhibition occurred with less than
1 ppm up to & few ppm. The greatest effccts, in
vitro, were on oligomycin-insenaitive Mg*-
ATPase, but on oligomycin-senative (mto-
chondrial) Mg!*ATPase in vivo ({chronically-
exposed fish). The most effective PCB studied,
Aroclor 1242, required a somewhat higher con-
centration than DDT 1n comparative 1o vitro
studies.
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Studies on the Mechanism of Toxicity of
DDT and Polychlorinated Biphenyls (PCBs):
Disruption of Osmoregulaticn in Marine Fish

by W. B. Kinter,® L. S. Merkens,} R. H. Janicki,} and A. M. Guarino}

In 1970 studies were initiated at the Mount
Desert lsland Biological Laboratory to explore
mechunisms  of toxiety underlying the high
sensitn 1ty of bony fish, teleoats, to organochlonne
poilntants The starting point was several reports
that DDT [1,1,1-trichlore-2,2-bis  {p-chlore-
phem}) ethane] imhibited Na,K-ATPase (Na+,
h*-w t1v ated adenovsine triphosphatase), as well as
the knowledge that this enzyme appears to play a
centrul role in osmoregulation by marine teleosts.
In the face of a desiceative environment, these fish
mamism body fiuud hypotonicity (Fig. 1) by
drishing sea water, absorbing water coupled with
salis arross the intestinal epithelium, and eventu-
olly weercting the NaCl acrosa the gill epithelium
winle retining the free water. The primary driving
mechnsm in botli intestine and gill ia the Na
pump with which Na, K-ATPase sppears to be
intimately involved For fuller discussion, see (2)
and (i3),

After demonstrating that DDT did, in fact,
inhiint Na, K-ATPase sctivity in homogenates of
nteatinal mucosa and gill filaments from several
marine teleosts (2), attention was focused on the
sep wnter-udupied eel (Angusila rosirata), in which
osmorcgulation has been well investigated. Thia
el van aleo adapt to fresh water and can he used
for future DD'T studies,

* “udien conducted at Mt Desert Island Biclogiea!
Laicratary, Salsbury Cove, Maine (4672.
| 151N} Upstete Medical Center, Syracuse, New York
3211

$'1u whom reprint requests should be sent Dr A, M
Gunring, Bidg 10 Rm 6N119, National Cancer Institute,
Bethrdu, Md 20014

April 1972

Materials and Metheds

Eels, Angutlla rosirate, and killifish, Fundulus
heteroclitus, were captured in estuaries along the
Maine coast They were adapted 0 and mein-
tained i sea water for about three weeks before
use Non-radiosctive puriea grade p,p’-DDT was
procured from Aldrich Chemical Co, Milwaukee,
Wis #C-DDT was obtained from Amersham/
Searle, Arlington Heights, Il and had a specific
activity of 24 mCi/mM,

Aroclor 1221 was donated by Monsauto Co,
St. Louis, Mo. Plasma milliosmolarity was deter-
mined by a standard freemng point depresaion
technique, while Na* and K+ were analyzed by
means of & flame photometer. Levels of “C-DDT
were determined as described previously (4). The
fractional ®Na space of isolated gills was measured
according to the procedure of Kamiya (5) where
eel gills arc incubated for 1 hr at 15° 0 oxygenated
ses water. Control gills were incubated with the
solvent 0.59, N ,N-dimethylformamide (DMF),
and experimental gills were exposed to 50 ppm
DDT in 05% DMF. Gill homogenates were
assayed for Na, K-ATPase activity as described
previousty (2) Acute toxicity and osmoregulatory
studies were conducted in killifish using a sumplc
static system For each experiment ten »mea
water-adapted fish (5 males and 5 females, each
weighing about 5§ g) were placed 1n an aluminum
or enameled metal container holding 2 liters of ses
water and maintained at 14-16° throughout the
exposure time In control contaimers 2 ml of
ethanol were added to the sea water, in expen-
mental contaners Aroclor 1221 {mixture of PCBs
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SALT WATER TELLOST
Hypo-osmotic to Medium

Seo

g
Water iy H20
/’%’m‘% H

itg ,
\i&\\so‘t. e

Divalent
lans

Fioore 1 Water and aalt tranaport 10 a salt water telecat
Typicaily the milliosmols/L are 1,000 for sea water and
350 for fish hody fluide Adapted from (1)

with 21% chlorine content) or p,p-DDT was first
dissolved i the ethanol These solutions formed
a cloudy suspension when added to the sea water,
and in addition some separation of the Aroclor was
noted, making the actusal concentrations unknown
{Aroclor 1248 was not tested due to much greater
separation}. Blood was drawn by cardiac puncture
with lightly heparinized glass capillary tubes
Whole blood from 3 to 5 fish was pooled and
centnfuged. The 0.05-0.1 m! of serum was diluted,
and the osmolarity and concentration of Naand K
10ns were measured as for the eel.

Resuits

Ability to osmoregulate was followed 1n indi-
vidual eels {about 100 g) placed in 15° sea water
{2 liters) containing 0.19; ethanol and 1 ppm
DDT, a level which is fatal by 1¢ hr. In Table 11t
is seen that, at 6 hr, plasma milliosmolarity of

Tahle 1, Effect of p,p'-DDT on plasma osmolarity.
sodium and potassium In sea water adapted eels
{ Anguclia rostrata}.”

Treatment Osmolarnty Na+ K+
{mosmols /L) (mEq/L) (mEq/L)

Control 358+ 10 183 42 2403
p.p-DDT 462 .+ 10t 19243t 6 40 1}

* Menn=SE for 5-6 animals exposed to 1 ppm of DDT
for 6 hr

1 Bigmificantlv different (P <00I) from controls

170

Table 2. "C-DDT levels in nes water

adepted ee)
(4Anguilia rostrata) * '
Tissue DD tevels ppm
Plaama T 2x10
G 222422
Gut muycosa i B0 &
Braun it 221 1)

* Mean %8E for 6 antmals exposed (0 | ppm of 'C DOT
for 6 hr

Table 3. The effects of DDT on sodium apace and
N, K-ATPase in gills from sea water adapied eels
(Angullia rostrata),”

Treatment Na sparcet A Pase metindds ¢
Control 0 N2+0 010 0370117
DDT, 50 ppm U H2+0 010§ o 2440 04}

* Mean+8E for 15 gills w cach groun for Nu qmee
determination and § duplicate aesavs per group for A THaae
assays

t Fractiona] Na sprace nfter mcubntine nt 13 [or | hr
expressed as ®Na gill filament t.o mecha ratio

1 umoles Pr1/mg protewn X hr

§ Significantly different (P <001 from rontrole

Table 4. Summary of DDT effects on oamoregulation
In sea water eels.

Rewults
Study Gut Gall
Inwroat 6 hr 7 ppm DDT 22 ppm DDT
{1 ppm 1a Plasma cemoianty increased 297,
water)*
Inwira(50ppm HO absorption Na content of
1n media) from suca de- solnted gelis
creaaed 47751 merensed 43,
Homogenate Na, K-ATPare Na, K-ATI'nse
(50 ppm) mhibited 657 (¢t inhbited 487,

5

* DDT solubilized with ethanol {0 17, 1n wea water; or
N.N-dimethylformamde (05"; wm medm and 3", 0
homogenate)

t Caleulated from ref 3
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Table 5. Acute toxicity of Aroclor 1221 and DDT in killifish.

Initial level® Total number % Dead (cumulative)
Compound n mea waler of fish J—
Day 1 Day 2 Day 3 Dav 4
Conirol (ethanol) 10 0 4] n 0
Arclor 1221 75 ppin 10 0 0 0 0
25 ppm 10 50 R0 RO RO
75 ppm 50 88 96 98 100
pDT 0 025 ppm 10 0 L) 0 0
0 075 ppm 10 40 50 50 50
025 ppm 10 60 80 0 90
075 ppm 10 100 100 100 100

* See deacription of static system in text,

DDT-treated fish had increased about 309%; com-
pared to ethanol controls, Furthcrmore, in this
table one can aee that, while much of this increase
was due to plasme Na, plasma K also doubled in
these aromals. In additional expenmenta with 1
ppm "“C-DDT, the fish had taken up about half
the radioactivity by 6 hr. The levels of radio-
activily for some tissues are indicated in Table 2
and ranged from 7-22 ppm. Using 1solated eel gills
the fractional ®Na space was found to be increased
significantly (Table 3) by 50 ppm DDT. Data in
Tabie 3 also shows that Na K-ATPase activity
was significantly inhibited (38%) by 50 ppm
DDT

Considered &ll together (Tables 1, 2, and 3 and
summanzed in Table 4), our eel data provide
circumstantial evidence that disruption of osmeo-
regulation & & primary toxic effect of DDT, 1¢,,
the DDT levels in gut and gill of fatally-dosed fish
were high enough to have affected oamoregulatory
Na transport under in vitro conditions. Both water
absorption from gut sacs and Na content of
isolated gills are directly dependent on Na pump
activity and can be altered similarly by cbtaining
a highly specific Na, K-ATPase inhibitor More-
over, from the published (3) dose-response curve
for gut homogzenate, 7 ppm DDT in mucosal
tissue should still inhibit Na, K-ATPase activity

Tabie 6. Effects of Aroclor 1231 and DDT on serum osmolarity, Na and K in killifish.

Compound and moemols /liter Na* K+
mitial leve) mEq/liter mEq/liter
Untrented 3522 (I8) 173x2 (18) 36402 (18)
8.-Hour ezpowure
Controj 36543 (6)* 1712 (8) 43202 (5)°
Aroclor 1221
75 ppm 398+7 (9)t 1733 (9) 4 4203 (B
bbbt
0 25 ppm 38919 (8)t 17814 (9) 4 4203 (9)
24 Hour ezposure
Control 3087 (6) 176 2 (8) 53+0 5 (A)*
Arocjor 1221
2% ppm 3747 (8) 1794 (6) 4 5+03 (M)
DIT% pim 0710 (4)t 18945 ()t 5020 4 (4)
T
0 075 ppm 63+3 (7) 1805 () 4 1+0 4 (6)
* Significantly different (P <0 05) from untreated controls,
t fignificantly different (P <0 05) from ethanol-treated controls.
April 197
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by 45%, provided, of course, that tiasue content on
a wet weight basis s equivalent to homogenate
content based on added DDT.

The data in this same enrve also indicate that
Mg-ATPase 15 less semsitive to DDT than
Na,K-ATPase. Certmnly, until more mformsation
s avaiable, the present data would appear to
provide a partial explanation as to why a whole
body burden of less than 10 ppm DDT is often
lethal to fish It is also recognired that DDT may
exert a primary toxic effect on the central nervous
system; by 6 hr our fatally-dosed eels were
hyperactive and easily stimulated to convuisions
by touch. Such symptoms, however, could be
secondary to alterations to osmolarnty of plasma
and cerebrospinal fiuid.

Last summer, because of the chemical sumilarity
between tbe insecticide DDT and the industrial
PCBs (palychlorinated biphenyls; pollutsnts in
the environment, acute toxicity and osmoregula-
tory effects were compared using killiish. The
toxicity dats, Table 5, show that, with respect to
the acute lethal leve! in ses water, the Aroclor 1221
was loss toxic than DDT by a factor of about 100.
There was a '"dose-response’ in terms of the
thearetical concentration in sea water and num-
ber of deaths for both Aroclor 1221 and DDT,
but the actual dose which the fish received is
unknown since the tissue levels were not measured,

The osmolarity and Na concentration of the
serum (Table 6) consistently increased (toward sea
water values) in fish exposed to lethal levels of
either Aroclor 1221 or DDT. The Aroclor and
DDT levele selected for these serum-composition
studies were those that were potentially lethal to
moet of the fish, but low encugh to have killed only
some at the time (8 or 24 hr) samples were taken
{rom thowe still surviving. With the higher levels
testad, most of the increases in serum osmolarity
and Na were siatistioally significant when com-
pared to ethano! controls.

Also, serum oamolarity and K were elevated 1n
all ethanol-treated controls (P < 0.05, except for
24-hr ocamolamniy), thig elevation may have been
due to the ethanol or to confinement of the fiah in
the experimental contatners. Additionsl data
{Table 7) ahow that in the extreme cases, when
blood was sampled before the fish died but ajter
they had completely lost their righting ability and
remained mdeways, the serum osmolarity and
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Table 7. Gemolarity, Na and K in individuat pooied
samples of killiflah serum *

mosmols
Compound Exposure Na* R~
and leve) br liter mEqg/liter mEq hrer
Aroelor 1221
75 ppm 23-32 560 208 P
428 2l H
DDT
1 ppm =10 430 207 84
40 210 g4

* Each aample represents serum frosm about 4 fish

electrolyte concentrations were all incressed well
above normal. It should be noted that the
osmolarity changes (Tablea 6 and 7) cannot aluays
be wmccounted for by changes in messured
electroiytes.

Discussisa

QOverall, these remilts suggest that lethal levels of
Aroclor 1221 and DDT both decrease the sbibity
of killifish to osmoregulate to sbout the same
degree. Almo killifish and eels seem shout equally
sensitive to DDT. Thus, inhibition of Na K-
ATPase by appropriate levels of Aroclor 1221 was
anticipated. Using a homogenate of King
O'Norway (Hemsniplerus amerwanus) intestinal
mucosa 250 ppm of Aroclor 1221 inhibited the
Na,K-ATPase by 51% and 227, in two experi-
ments, Moreover, recently-published work by
Yap et al. (6) showed that several of the Aroclor
mixtures inhibited the engyme from fish brawn and
kidney.

Concerning the melecular basis for Ne K-
ATPasge iphibition by DDT and PCBs, ore may
speculate that these lipophilic compounds wteract
with the phospholipid-activating component of
thie hpoprotein enzgyme (7, 8). [t 15 well known
that many lipophiic compounds, eg. cyclo-
hexancone, inhibit the enzyme and evidence of
protou interaction between DDT and o phospho-
lipid, lecithan, recently has been reported (9)
Moreover, other organcchlorine mnsecticides, in-
cluding endrn, aiso :nhibst Na,K-ATPase from
fish brain (10), and endrin has been observed to
disrupt osmoregulation n both a marine and a
fresh water taleoat (1}, 12) Thus, it seems
reasonable to predict that many organochiorme
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pollutants will be found to disrupt osmoregulation
in fish.
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Polychlorinated Biphenyis (Aroclor 1242):
Effects of Uptake on £. coli Growth

by Julian E. Keil, M.S.®, Charles D. Graber, Ph.D.T. Lamar E. Priester,

Ph D.1, Samuel H Sandifer, M.D.*

Introduction

Polychlorinated biphenyls (PCBs), similar to
DDT m structure and physiological effects (7), are
of concern to the scientific community because of
their ubiquity (8), persistence (11) and possible
tomeity The alleged lack of biodegradability of
this environmental pollutant hes caused alarm and
curtatlinent of this useful chemical. Work as early
18 1863 by Cope (3) indicated that DDT, another
chlorinated hiydrocarbon, mught be metabolized
by several species of bacteria, Subsequently, other
workers (2, 4, 9, 10} reported degradation of this
wsecticide by bacteria, fungi, and manne diatoms.
Unpublished work performed in our laboratory (5)
also indicated possible tnetabolism of certain PCB
components by Cylindrotheca clostertum, With the
thesis estabhshed that DDT was indeed bio-
degradable and with evidence that PCBs may be
Inologically converted, the authors postulated that
human flors mey play an important part in the
metabolisra of DDT, PCBs, and other ecological
rontaminants,

Experiments were performed to atudy the effects
of PCBs m vitro on & facultative organism,
E colt, common to human intestinai flora. Thie
bacterium waa also selected because it )s the prime
indicator of fecal contamination.

Matetials and Metheds
The study organism, FEscherickia colt, waas

* Preventive Medicine Section, Medical Umvermty of
Suuth Carohina, 80 Barre Street, Charleston, 8 C 28401

t Mierolnology Department, Medical Univermty of 8 C

{ Environmental Health Laboratories, State Board of
Heaith, Columina, § C

April 1972

selected, because it is & common autochthonous,
human intestinal aerobe, eamly cultured, and s an
accepted standard indicator of fecal contamination

Initial work screened & wide range (01000 ppm)
of PCB concentrations, against E. colt by use of
impregnated paper filter discs similar to those used
to test antibiotic sensitivity Impregnated discs
with PCB concentrations of 0, 001, 01, 1,10, 100,
and 1000 ppm were placed on tripticase soy broth
(TSB) agar plates which had been mnoculated with
E. colr. Expenmentation indicated that 6 mm
diameter discs cut from number 2 Whatman filter
paper would absorb 02 ml of the acetone solvent
The discs were dried prior to use.

For the first experimental series (1), 20 one-liter
Erlenmeyer finsks, each with 500 ml TSB, were
inoculated with E, colr. Four flasks served as
controls, 4 for each of 2 levels of PCB treatments,
and 4 as acetone controls since acetone waa the
suspending vehicle for the toxicants, Additionally,
4 flasks were used as uridine controls. Cne flask,
containing only media, was used as & growth
check, Each fiask waa vigorously agitated every 2
hours during the first and laat 8 hours of culture
time,

At the conclusion of a 24-hour incubatjon
period, flask contents were centrifuged, the result-
ing pellet lyophilized, weighed and assayed for
PCBs, nuciei acids and tntiated uridine ("Hy)
uptake.

A second experiment (Series II), identical in
treatments except for uridine, was conducted to
confirm stimulation patterns observed in Senes I.
Series 11 measured iyophilized harvest weights
only.

A third trial (Series I111), ydentical in design to
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Frooas . Benmtivity screening of £ cofs on TSB to 8, 001, 0, 1,1, 10, 100, and 1000 ppm of A. DDT, B, PCB

Senes I, nseayed tritiated undine uptake after 5
hours and 8 hours incubation time to determine 1f
assimulation rates were affected by PCBs during
the logarithmic growth phase Aroclor 1242
(PCB—429%, chlorine) was used as the source of
sctive ipgredients in these experiments

Bamples of bactena were extracted with nano-
grade hexane and & 5 ul aliguot was injected into
the gas chromatograph for analyais,

Two-column systems were used & 6 foot X ¥
mck 0.D, giasa column packed with 3% SE-30 on
60-80 ABS chromosorb W and 2%, QF-1 on 60-80

Table 1. Lysphilised Weights and Toxicant Uptake
by Escherichia coli Cuitures Expoeed 10 PCB

(Bacterial Series Ij.
Trestment Mcan' harveat  Mean! residue

weights (mgm) (%g/8)
PCB 1 ug/ml 8 0 138
PCB 01 ug/mi 90 4 4 4
Coutrol 44 5 0
Avetone eontrol 72 12
Undine control 41 8 0
L8Dw* 1316 ic 8

! Mean of four replicates.
1 L8Dy w Losat mgnificant at 857, probability level
calculated from one way anaiyms of variance

176

ABS chromosorb W. The operating parameters
were: (1) wlet temperature 235°C (2} column
ternperature 200°C isothermal, (3) detector tem-
perature 240°C, (4) flow-rate 70 cc per mmn N,

Qualification was accomplishied by measurement
of the absolute and relative retention times of 3
meajor pesks of the PCBs Quantitation was
accomplished by determination of the area under
the curve of the five major peaks Utilizing tlus
technique, recoveries of 82 49, of the PCBs were
obtaned,

RNA and DNA were meamired using & modifi-
cation of Agranoff's procedure (1) Radio assays
utibzed the Nuclear-Chicago Mark [ Liquid
Bemtillation Spectrometer

Results and Discussion

As may be seen from Fig 1, concentrations up
to 1000 ppm of PCBs impregnated into filter paper
discs faled to whibit E. col: growth on TSB agar

As shown in Table 1 (Series I}, the addition of
01 and 1 pg/ml PCBs to TSB markedly stimu-
lated E col: growth above control levels This s
consistent with other microorganism work (4, 6;
showing that DDT and PCBs are concentrated up
to 1000 times by marine diatoms. The data also
suggest that the concentration factor mav be
mversely related to dosage

Environmental Health Perapectives
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Table 2 presents data from a duplicate exper:-
ment (Seres II), wherein only harvest weights
were studied. This second series confirmed
apparent stimulatory effects of sll levels of PCBa.

There were no differences between treatments
in DNA and RNA levels af ter 24 hours’ incubation
The significance of tlus 18 not clear, since 1t had
been anticipated that increased RNA levels would
sccompany growth increases However, it 18
thought that differences may have occurred
carlier than the 24-hour time.

Data show:ng urdine uptake by PCB-treated
E coli st several phases of growth are presented in
Table 3, No aignificant differences in uptake
between treatments and controls were evident
except at 5 hours incubstion time, when there was
a mgmficant diminution of *Hy uptake in PCB-
dosed bacteris. While not conmatent with mncreased
culture yiweids, the iack of change in uptake
between chemically treated E. coli and controls
does coincide with chemical assays mdicating no
increesed levels of nuclejc acids.

Resylts from these experiments indicate that
I'CBs stimulate i vitro growth of E. cols. If this
phenomens occurs in vivo further concern is
justified since any environmental contaminant
which affects indicator organisms may result in a
distorted portrayal of the actual mituation,
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Environmenial Health Perspectives

The PCB Situation in Germany

by H. P, Tombergs*

A PCB problem has been known to exist in
Germany since 1960. At the Swedish-German
Symposium sl Baden-Baden, Dr. Jensen, who first
published abont this problem in 1966, made &
report entitled “PCB—the DDT Problem of
Industrial Countries.”

In September, 1970, there was a PCB conference
i Stockholm One of the reports given there
mentioned that a fatal case of hipheny! intoxica-
tion had occurred in Finland, The person was s
31-year-old man who had worked iz u plant which
used bipheny! {not chlorinated) for impregnation.
The exposure level was about 100 mg/m?—10
times the MAC {maxirnum allowed concentration).
He had been working in this :ndustry for 11 years
and suddenly developed liver insufficiency—i.e.
hepatic necrosis, atrophy, and cirrhoms. General
atrophy of the brain cortex was also found.
Medical examinations of the other 120 persons
working m this plant revealed three additionasl
cases with liver damage (biopsy) and two with
abnormal EEGs and impaired peripheral nerve
funct:on.

In July, 1970, Acker (University of Minster)
was able to find PCBs in human milk st & level of
0.103 ppm, which means 3.5 ppm in the milk fat
In human fat tissue he found sn average of
5.7 ppm.

A recent German investigation on rata (Benthe,
University of Hamburg) reporta the sbsorption
and distribution of PCBs after one inhalation
exposure to Pydroul A 200, & muxture of low
chionnated biphenyls Absorption as well as
distribution were studied Ly measurements of PCB
concentration in different organs. By this route
very high absorption could be shown Depending
on duration of PCB exposure, & rapid increase in

* West German Ministty of Youth, Family, and Health

Apri 1972

PCB concentration in the liver was cbserved After
15 minutes the concentration was more than 50
percent of the maximum concentration attsined
after two hours (70 ug/g tiseue) Concentration in
fat after 30 minutes of exposure was 14 ug ‘g tissuc
{about 279 of the liver concentration), wherens in
brain tissue, only 9 ug/g tissue (179, of the hiver
concentration) was found at that time,

Depending on the amount of time which passed
after the end of aerosol exposure, 8 rapid decresse
of PCBs n the liver dur:ng 24 hours was measured
and was accompanied by &n increase in brain and
fat. In the course of two days brain and liver
concentraiions fell to & minimum value, whereas in
fat, & maximum value was attained {260 ug. g
tissue) which remamned at & constant level 1n the
subsequent period. There was no toxic fatiy
degeneration of liver under these experunental
conditions.

Seven weeks after exposure to low chlorinated
PCBs (Tetrachlor), the compounds were found n
the fat of rata. After three weeks, 70 percent of the
maximum value was still detectable in the fut, and
it should be noted that, in & stress situation, PCBs
move from fat tissue into the Liver.

In addition to the inhalation route, studies were
made of other methods of exposure The results
follow:

After mtraperitoneal injection of PCBs, s
stimulation of the microsomal enzyme systems
which are responsible for the metabolism of drugs
was found by measuring the O-demethylation, and
the increased engyme sctivity persisted for & long
time. Even after four weeks, the values were atyll
twice the value of the control animals. Because the
rmcrosomal enzymes also metabolize adrenai hor-
mones, an effect on reproductive and adrenal
hormones can be expected

After long exposure (3 inhalations for 3 hours),

MONS 208271 179
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s toxic effect on liver function wans found trans-
saminase activity (SGOT, SGPT) had increased on
sn average by 50 percent Parallel to this increase
of transaminase activity, the liver fat increased
from & normal 3 9, to 8 79, We consmder this &
toxic effect

After s subclimeal dose of tetrachlonnated
hydrocarbon (s dose which does not cause s

180

measurable amount of liver damage) was given,
the application of PCBs caused s high degree of
bver toxicity, that means that, in the case of o
subclinical iver damage, PCB absorption muy be
dangerous by causing liver dystrophy

All these results wiil be publshed 1n detal 1 (e
next iseue of the Archwes of Tozicology
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Comments on Research Needs

by Norton Nelson*

I will not attempt to summarise ail of the
excellent work presented at this meeting—such a
summarization wouid presume expertise in all of
the varied fields which have been represented here,
an expertise 1 do not possess. I believe it will be
more useful for me to attempt & very personal
assessment of those gaps which I see as now
confronting us, in an attempt to identify those
that are significant and ment attack. In short,
“Where should we go from here?"

First, a general statement. ] was charged with a
mimilar task last August at a conference convened
by FDA on work done on PCBa within the federal
government. The extent of additional work that
has surfaced as the resuit of the present conference
18 remarkable. Clearly, many univermities and
governmental agencies are extremely interested in
the PCBs and have been working intensely in the
field in the last few years I will follow the order
of presentation in the present conference roughly,
but will assume the liberty of regrouping where
thia seems desirable

Ansiysis

Analytical technics have improved immensely
in the last three to four years since the disturbing
peaks resembling DDT metabolities were identi-
fied on chromatograph traces, It now appears that
analytical proocedures of consmderable specificity
are now available and quite widely used. The
confusions and uncertanty of several years ago
appear to have been largely mastered. The
procedures are In some degrees overly tedious and
have serious defects 1n respect to quantitation,
especially because of the disparate response of
some of the detector systems used in the gas

* Director, Institute of Environmental Medicine, New

York Univermty Medica! Center, 550 First Avenue, New
York, New York 10018,
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chromatographic analyms. The latter has made
quantitation of mixed isomers difficult and some-
what unccrtamn. Clenrly then, there 1s 8 need for
improved quantitation 1n respect o mixed 1somers
and equally room for improved efficiency of the
analytical technics

There is 8 very substantial gap in reliable
analytical technics for impuntics such as the
chlorinated dibenzofurans It appears fairty defi-
nite that such impunties are present n some
preparations and may indeed significantly account
for some of the toxiaity. Accordingly, better means
for identification and measurement of these im-
purities 15 required. Because they occur only in
the part per mallion range in the PCBs themselves,
which in turn occur in the biosphere 1n the part
per million range, extreme and perhaps unattain-
abie gensitivity would be required for their 1dentifi-
cation in environmental samples It may, however,
be very important to make the attempt. A closer
and more attainable goal would be the develop-
ment of adequate technics for detection and meas-
urement of such impurities in the onginal PCBs
themselves.

In this connection, it may be desirable to look
for biological assays sa st least an interim approach
to this problem. Dr. Vos, in his excellent presenta-
tion, has presented work which suggests possi-
bilities in the use of bioassays in the assessment
of impuritics in PCBs This appears to be a very
promising approach and should be pursued.

It s proposed below that selected purified
isomers of the PCBs and their impurities be made
available for toxicological studies These would
also be very useful in the further improvement of
analytical technics

Envirsnmental Transport, Distribution and Alteratinn
Dr Serofim and Dr Nisbet, in their paper, and
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Dr Risebrough, in his, have undertaken overall
assessmentis of environmental sources, patterns of
dstribution and alteration of the PCBs. It has
already been clear from earlicr surveys reinforced
by studies presented at this conference, that the
IPCBs arc very widely distributed and are almost
ubiquitous 1n their presence at many levels in the
Liosphere 1t appears, however, that their distribu-
tion may be less umformly global and more
representative of local sources than DDT and its
analogues The approaches used in the two papers
noted represent a very good beginning and serve
to define, albeit perhaps only mn an injtial way,
some of the major features in the overall PCB
budget Equally important, they serve to define
gaps 1n our knowledge which may play decisive
roles 1n developing a sound analyss of environ-
mental distribution patterns I note a series of
items emerging a8 urgentiy needing clarification.

1 Further refinement of sources, including

s Patterns of marketing and use Im-
provement here will require unproved
access to such information from pro-
ducers and distributors

b. Dumping practices.

¢ Stability of semisequestered sources,
e g, capacitors in dumps,

2 Better quantitation of discharge amounts
by route into water and ar

3. Appropriate ansalysis to determine the
relative role of vapor versus particle borne
’CB 1n aerial transport.

4 Rain out data 1n selected regions to assess
the atmosphere as a {ransport route, by
season and by region. Alhed to this is the
nced for appropnate selective analyses
of dated snow depomts for the develop-
ment of time trends,

5 Clanfication of the importance of loca-
lised as opposed to generalized sources of
PCB. As oniy one example of the many
dilemmas, the Sarofim-Nisbet scheme re-
quires mid-ocean dumping to explain some
high PCB values far at sea, Are such
sources important”

6. Clanfication of the role of particle bound
as eontrasted to dissolved PCB m water
transport

7 Development of &« more cfficient moni-
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toring strategy as a means of optimizing
analysis and the development of global
distribution patterns of PCB's

In approaching the global problem, one must
not overlook the importance of more localized
systems of contamination Agam s beginnng
towards this was llustrated in the paper of Dr
Veith Studies of well defined localities can pro-
vide not only knowledge relevant to the speaific
units examined, but may permit extrapolation to
other symilar regions as components in the broader
global scheme,

These presentations made very clear the serious
gaps Arising from our ignorance of cnvironmental
patterns of alteration of the PCB’s and therr
conteminants. This was brought out n the ¢
cellent report of Dr Hutzinger on photolvsis of
the PCB's Work such s this needs to be c\-
tended, and, at an appropriatc point 1 their
development, brought into more realistic rela-
tionship to the form in which the PCB's are
found in the atmospheric and aquatic environ.
ments, eg., photolysis of PCB's as vapor, on
particulates, and so forth It 1s also verv clear
that attempts to deal with the transport and
distribution problem are frustrated by lack of
understanding of biological alteration of PCB's,
that 15, the metabolism of the PCB's by biological
systems at all levels

Occurrence

The nsidious way in which PCB's have found
the;r way into unexpected sources of exposure
was llustrated by Dr. Kuratsune's report on
carbonless copying paper. Although the state-
ment has been made that substitutes for PCB’s
in carbonless eopying paper have now been found,
the completeness of this substitution will require
monitoring. It may also be deayrabie to check body
burdens of those routinely using forms with
carbonless copying papers

Similarly, the reports of Dr Trout and Dr
Kolbye, on the presence of PCB 1n papers used
in food packaging, further illustrate the need for
vigilance for detecting and preventing the escape
of thesc maternals nto unanticipated places
Although it appears that most of the major
sources of PCDB contamination in paper and card-
board have been identified and intercepted, this
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optimiam needs to be tempered by continuing
scrutiny of food packaging matenal.

The reports of Dr, Kolbye and Dr. Berglund,
on the presence of PCB's in foods, suggest con-
siderable similanty in the general patterns of
food contamination in Sweden and the US. In
each nstance, fish, particularly fresh water fish,
appeor to be the largest dietary source Milk has
been found heavily contaminated on occasmon.
Hopefully, this 18 no more than epsodic, re-
sulting chiefly from the contamination of silage
from PCB’s in silo lining paints as described by
Dr. Fries. This mode of contamimnation clearly
needs careful scrutiny and correction. Control
will be simpler with major milk producers than
with the smaller units, and particular attention
should be given to the latter In a related matter,
the possibility that human milk may be a sig-
nificant source of exposure of nursing infants
needs further examination

The data from FDA is perhaps heavily biased
by ncluding a large number of samples secured
ss part of comphance studies. A more urderly
picture of PCB distnbution in foed will require
8 more Bystematic sampling pattern and this
should be undertaken Similarly, food surveil-
lance is now hampered by inadequate technics
for detecting the presence of poasible impurities
in the PCB's. As noted above, resolution of this
issue will reyuire either chemical analytic technics
many orders of magnittiule more sensitive than
are now available or bio-assays as suggested above.

Animal Taxicelegy

The Biotest studies are now complete and were
well summanzed by Dr. Keplinger. A somewhat
paraliel study at Chamblee is still incom-
plete (personal communication, Dr. Renate
Kimbrough), Examination of the complete data
from the Biotest and the Chamblee work will be
required before a full assessment of these toxicity
studies can be made. Several isgues present them-
selves The extreme sensitivity of the mink, both
i lethality (1), and in possible reproductive injury
(2), rases an alert which will require resolution
before we can take too much comfort from results
showing lower toxicity in other mammals Re-
grettably, this conference did not include an up-
dated report on studies of mink. Although the
Biotest report indicates no evidence for PCB
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carcinogenicity,one { possibly two cases) of bladder
cancer may have been identified 1n the Chamblee
study (Personal commumcation, Dr Renate Kim-
brough). These findings w1ll require that we aw st
the completion of the Chamblee study and examine
the Biotest reports 1n more detull before we can
further clanfy the question of maiignancy

Reproduction seems to be one of the most
vulnerable functions in PCB potsoming This 1
true in marmals ss well 88 1n other Iife forms,
including both fish and birds. Agan, the report
on embryotoxicity in the rabbit {3) (not discussed
here) suggests that this 1ssue be further examined
in mammals. It would also be desirable to relate
reproductive effects to PCB burdens in wild
populations.

It js & remarkable circumstance that despite
the interest in the problem, the kinetics, distri-
bution, metabolism and excretion of PCB in
an'mals are only very scantily understood. There
is some data on half time of body burdens in the
fat in the cow (Fries) and in the rat (4) but the
information is still quite nadequate To jump
shead, it s unfortunate that such data did not
emerge from study of the Yusho victims. These
basic questions of metabolism, excretion and
distribution need resolution and appropriate
research should be put underway unmediately

The range of sensitivity to PCB 18 enormous,
thus invertebrates show effects at levels of a few
ppb (5). At the other extreme, E Coli appear to
thrive at thousands of ppm (Keil). Fish, birds
and mammals fall between these extremes, with
fish and birds appeanng to be more sensitive
than mammals, Again, reproduction appears to
be the most vulnerable function In respect to
birds, and in contrast to DDT, it appears that
hatchability may be more important than egg-
shell thinning.

This area of comparative toxicity from species
to species 15 80 large and uncharted that generals-
ties seem out of place. It would thus seemn de-
sirable for those involved in the study of inter-
dependence within the iyosphere 40 plan carefully
the necessary studies to clarify these issues of
comparative metaboh patterns by species  As
suggested above, such studies may be of great
eonsequence for determiming overall patterns of
transport and the ultimate fate of these matenals
in the environient
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A problem that persists in confusing our under-
standing of the toxicity of the PCB's 1s the un-
resolved guestion of contaminants and the dif-
ferent isomeric constituents of the various
technical PCB’s. This has led me to the strong
conviction that it will be very desirabie to select
& modest number of representative 1somers which
ahould be synthemized and highly purnfied, and
then carefully exarmined toxicologically. The
selected isomers ahould be chosen on the basms
of the beat judgment available as bewng lizely to
typify not only '‘average” biological properties
but also those corresponding to limiting or
boundary biological actions in a quahtative as
well as quantitative senme. Synthetic capabilities,
we are told, are quite adequate to meet this
challenge, Included 1n this should be well defined
examples of the chionnated dibensofurans. Such
an approach should permut a more rational plan-
ning of future toxicological work. These pure com-
pounds will also be indispensable 1n the further
development of selected bio-assayn.

Mechanism of Actien

Vos has described five distinctive patterns of
pathologic oulcome, acnegenic, liver damage,
porphyris, edems and immunosuppression which
he believes are differingly contributed to by
different chemical components in the crude PCB
preparations. As just noted, the availability of
purified trace contammnants and 1somers would
permit an extenmon and refinement of this im-
portant approsch to an understanding of patho-
genesis

A number of atudies have thrown light on some
intracellular actions; however, it can hardly be
said, at this stage, that we have good auggestions
as to the major underlying mechaniams of toxicity.
Rather than to hastily examine the effect of PCB's
on a myriad of in vitro test aystems, i1t would seem
wiser that these studies be carefully planned as
nids to understanding the observed course of PCB
poisoning 1n the intact ansmal.

Human Body Burden

The reports from Dr. Yobs and Dr Price and
the comments from Dr Hammer all pont to the
ubiquity of the presence of PCB's 1n humans in
thia country. PCB's vccur w the fat of all egments
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of the population and some gross features of
population distribution have been 1dentified This
work needs to be extended In dong so, par-
ticular attention should be given to 1) more
representative population sampling, and 2) stan-
dardization on the basis of lipid content of the
tissue. This latter appears to be especially im-
portant jn relationship to plasma concentra-
tion. The lack of understanding of the kinetics
of dusappearance in humana hampers the interpre-
tation of some of this data Studies on primates
could help clarify this 1ssue

Yushe

Dr. Kuratsune has presented us with s re-
markable example of the quick rallyiug of medical
and scientific talents to clarify the unfortunate
accident leading to human PCB poisoning. The
thorough and thoughtful studies of the staff of
Kyushu Univeraity have provided excelient dats
on chnical effects and dose response in the Yusho
episode It 18 rare that such accidents have been
80 systematically studied. This data will neces-
sarily play & major role in the assessment of the
bhuman hazard from the PCB's We in ths
country should be deeply grateful for theirr skill
and thoroughness in atudying thus episode It
would be extremely desirable to carry out de-
tajled systematic, long term, follow-up studies,
perhaps every five years throughout the lLife of
the exposed individuala. We hope that their desire
to make such follow-up studies for the assessment
of possible chronic effects will be fulfilled Thus
country should be prepared to lend whatever
collaboration 1t can in this very urgent matter

Goneral Comments

Extensive deposits of PCB’a now exist through-
out the bijosphere Even without further dis-
charge, these depomts will remamn for some
years, It will be very urgent for us to develop
information on distnbution and degradation in
order to reach some predictiona as to the probable
persistence of thcae depomits The manufacturers
of PCB 1n this country are now well alert to the
problem and have announced a meries of steps
intended to restrict uses to those which are con-
trollable. The success in achieving these reduc-
tions in usage will need monitoring In addition,

Environmental Health Perspectives

MONS

208276




~ T T

=4

however, the so-called “‘controlled” pattems of
uee, such as large scale transformers and capaci-
tors, will in tum require mounitoring agaeinst
accidental discharge and leakage

Substitution 1n the leas controllable uses ia
apparently underway It will be very important
in earrying out such substitution, not to replace
a known hazard with an untried, unknown, pos-
sibly greater hazard. Accordingly, considerable
care in effecting substitution will be needed.

The approach used in the above discussiona of
conocentrating on gaps—things not done as op-
posed 1o those which have been done-—bringe
the risk of implying that our ignorance ia grester
than 1t actually 15, The many detaled and solid
papers presented at this conference and as-
sembled here should serve as an adequate counter-
balance against such misunderstanding. Never-
theless, our ignorance 18 still too large. I have thus
tried to idlentily some places where, [ beheve, we
need additional understanding. Finally, I apolo-

April 1972

gize for the necessity forced upon me by the
shortness of time, of omitting from these remarks
discussion of & number of important contnbu-
tions st this conference.

REFERENCES

} Ringer, R, Johnson J and Hoopingamer, R 1871
Interagency Meeting on PCBa Dept Heslth. Educ &
Welfare, Washington, D C . August 5, 1971

2 Aulenich, R. J et al. 1971 Effects on feeding coho
salmon and other Grest Lakes fish oo mmnk reproduc.
tion Can.J Zool 49 611.

3. Villensuve, D. C et al. 1971 Effects of PCB admines-
tration on mrrosomal ensyme activily o pregnant
rabbits Bull Environ. Contamin. Toxseol. 8. 120.

4, Grant, D L., Philhps. W E J and Villeneuve, D. C.
1971 Metabolism of & polychlonnated buphenyl { Aro-
clor 12564) muxture 16 the rat Bull Environ. Contamin
Toxeol 6 102.

5 Duke, T. W, Lowe, J. ] and Wilson, A J. 1970 A
polychionnated biphenyl (Aroclor) 1254) m the water,
seciiment, and biota of Eseambia Bay, Flonda, Buli,
Environ, Contamin Toxicol. 6 171,

% ¥ 8. SOVERNMENT PRINTING OFFICE: 1972 D—d88-14)

MONS 208277 185



———

Instructions to Authors

Tbe Board of Editors will consider articles which help
to give perspective to knowledge about the effect of en-
vironment on man by. reviewing the status of research on
important tapics, defining arcas of interest and questions
which should be mvestigated, 1deniifying the unplications
for human health of recent discoveries or obwervations, ur
reporting on onginal rescarch, includiug negative findings
Articles will be seiected by the Lditonal Bosrd on the
basix of quality and pertinence Briel reports of [ewer
than 1000 words tn any of these categories will also be
considered At present 1t will be posmibie to accept only
manuscripts prepared in Cnghsh Letters conunenting upon
articles in ENVIRONMENTAL HCALTH PERSPEC-
TIVES wiil be pnnted at the dweretion of the Board of
Editors The authors of the articies commented upon will
have had opportuntty to provide resporwes which will
acoompany the original letters

Manuscript Praparation

Note—Due (o the special nalure of the present usue, @
should not bs used ax gn example for preparaiion of fuiure
contributions Inatsad, please follow these tratruciions

Text and tabies—Doublespaced typescrint ghould be
submitted 1n tnpheate (photocoptes are acceptabls) The
typeseript should show mn margins where the mitthor wishes
tabies and figures to appear Tabular matenal should be
placed on separate pages unless extremely simpice or brief
Table number and utle should be tneluded on each table

Figures and illustrations—Graphs and figures should
be submitied erther as onginal drawmgs in black India ink
of a8 gicasy photographie prints Graphs and other drawn
figures will be reproduced as subitted and will not be
redrawn  Thewr legends, however, will be set v type
Thercfore, the legend lor a fignre should be separable
fram it without affecting the quality of the figure

Black and white photographs should be of high contrast
gyuabty and provided as giomsy 8 10 prints Color tilus.
trations wijl be accepted only rarely and onlv i color 1
essential {o accurate representation (Instruciions for sul-
masmon of coaior work will be proruded as needed ) Figure
numbery and jegends shonid be included on the back of
the figure and also on a separaic hsting entitled **Lagends
for Figures' at tho ond of the paper (Photographs are to
be considered *figures™ }

Abbremations—1sage established by Chemioal Ab-
siracts will be followed whenever posmble Names not m-
cluded therein ghould be spelied oul, or defined on first use

References—Boocia and sriicles cited in the text should
be listed meparately in a listing entitied "References” and
shonid be aumbered consccutively x4 they are first cited
m the taxt. Each reference should be designated in the text
by 1% key pumber nn the line and 1n parcniheses Journal
names should be abbreviated a8 shown in fndez Medicus
oran 8 similar manner 1l uot mmcluded theren

In a journal reforence the order shouid be (Cach item
i separsted {rom the next fiem by a penod )
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