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INTRODUCTION

OLYCHLORINATED biphenyls
| .

(PCi3s) are a series of inert, chemicaily
resiztant ?lasticizcrs compatible with a
wide variely of malerials, such as paints,
rynthetic lfesim, varnishes and. waxes and
are used fto improve such properties as
chemical fesistance, water resistance, ad-
hesiveneps  and  flexibility  (Monsanto,
1968). '

Since I’¢Bs appear exlensively in the en-
vironmeit (Risebrough et ol,, 1968) and
because oj their chemical properties and
widespread use, it appears Important to
study their potential effects on biological
systems,

Some work on the effects of PCBs on
chickens has appeared in the literature.
McCun¢ ¢ al. (1962) observed that an
epoxy-résin  palnt caused symptoms of
“chick édema" when chicks were placed in

the batiery before the paint had bardened.

Published with the approval of the Director of
the Wb?ouln Agriculturel  Experiment Station

Coliege of Agriculturs! and Life Sciences, Madison,

+

Suhsequent inv:f:ti!ilion revéaled that the
amine hardencr was the cause and that one
of the components, a chlorinated biphenyl
(Aroclor 1242*), seemed to be the problem

compound,
Levels of 100, 200, 400 and 800 p.p.m,

of this compound produced labored respira-

tion, abdominal fluids, hydropericardium,
and swollen kidneys. The mortality was
severe and weight gains reduced.

Further work by this group (Flick of ol
1965) suggestedt that 400 p.p.m. were te-
quired o produce serious symptoms, In ad-
dition to the above symptoms, they ob-
rerved cream-colored pancreas, enlarged
adrenal, «mall splecn, dermatitis and de-
feathering. Hemoglobin and  hematocrit
were reduced and blood glucote was re.
duced slightly.

Koeman et al. (1969) reported that
2000 p.p.m. killed § out of § Japagese quail
in less than 2 wecks, Amfefson ¢f el

3
¢ Registered trademsrk for & compound cow-
talning 42% thiorine. Sold by Monsanto, 5. Lovi,

Mo,
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TONICITY OF POLYCHLORINATRD BariieNYLA

(1962) have reported op the PCR content
of e of pelicans ad cormoranty ob.
tained v remote areas py well as nenr n.
dustrinl arcas. Fat exteacted from fish in
Lake Michigan was exahined in this labo-
ratory and contained mp to 120 p.p.m.
PChx (Bradley, 1970),

Data on the effect of wvarlous levels of
_ PChain the dict of the phick could be used
to determine safe levels ¢f PCBs in chick
foed. The possibility existy that ingredients
could contaln xignificaht levels of I'CBs
and that poultry could fingest siznificant
quantities, :

Studics on PCB toxicity in the chick
could be wsed in comlipalion with data
from trials on other expcrimental animals
to assess the potential hazard of PCB to
man.

Data obtained by direct experimentation
i» of more value than that obtained in indi-
rect ways and the youhg chick is an casy
animal to control for (his type of experi-
mentation. :
ENPERIMENTAL

Diets containing various levels of PCBs
" were prepared by adding a PCB (Aroclor
1248¢%*), which contains f48% chlorine, to
the basal diet In Table 1. PClix were dis-
volved in pelroleum ether and mixed into a
small portion of the bax‘e\k!icl prior to final
mixing  to facilitate cven  distribution
Throughout the mixture, The basal dict was
analyzed using the mclho{l of the Food and

Drug Administration (§968) and found to
contain < 1 p.p.m. of compounds which
show on the chromatograph to be similar to

PCBs, i '

Ten onc-tay-old chigks, resuling from
" the cransing of Néw ampshire male and
S.C. White Leghorn femples, were placed
on diets containing various amounts of

PCHs. All experiments were conducted in

¢ Obisined (rom Monsaalp, Si. Louls, Mo,

.
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gm./rilo-
Kram
Grovnd yellow corn 128
Wheat middlings 1y}
AllaMa meal (220 LU, A/gm) L7
Ment nerap (MV);."»ru(dn) L]
Sayhean meal (447, protein) b 4]
lish meal (04, rolein) s
Tochized nalt 5
Chick aize nyster sheil 10
Granjie grit . 10
mg./kito-
gram
MnSO, 136
Vitamin By (132 mgs. /gm.) R4
Riboflavin (44.3 mga./gm.) (%]
Venicillin (44.3 mgs./gm.) W
Vitamin A (mmn/;m.g 21
Vitamin D, (R&3/gm. 90

. clectrically hcaled batteries with raised
wire Noors, Feed and water were provided
ad libltum, Chicks were weighed weekly,
deaths and toxicity symptoms were re-
corcled daily. Seven birds (hat died on PCB
diets were examined by the Wisconsin State
Animal Health Lahoratory in Madizon for
gross pathology and indications of toxicity.
The investigators also autopsied many of
the dead birds. Some of the birds were
killed, their livers removed, weighed and
reported as a percentage of body weight.

Experiments were terminated al 4§ to §
weeks, In reporting the results, some of the
data werc combined and are Indicated Jn
the Results and Discussion section.

RESULTS AND DISCUSSION
Survivorx and averape weightx of groups
of 10 chicks each fed dicts containing 0, 10,
$0, 100, and 150 p.p.m. PPClix were plotied
in Iigure 1. A depressedl prowth rate was

observed with dietary levels of §0 p.p.m.
: PCBy and greater. When 100 p.p.m. and

+ 150 p.p.m. PClis were added to the diet,
toxiclty did not incrcase preportionately,
This has also been reported in rats by
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Fic. L. Sult\"val and average welghtx from 10
chicks led various levels of PCHs.

Tucker and Crabtree (1970). Mortality
was as skvere with 50 pp.m. as with 3
times as much PCRs in the diet. The survi-
vors are zufh:gswn directly on Figure 1. All 10
survived unless indicated, Flick ¢/ al.
(1965) r¢p%>rled no deaths when 24 Single
Comb White Leghorn cockerels were fed
diets confaining 200 p.p.m. PClis (Aroclor
1242) and, only 4 deaths in 24 chicks on &
diet contpining 400 p.p.m. PCRBs. Aroclor
1242 is 8. PCR which contains 6% less
chlorine than Arocler 1248 and presumably
thix accounjts for somewhat lower toxicity.
Total morlality with Japanese quail was
observed bétween 6 and 5§ days after feed-
“Ing a diet pf 2,000 p.p.m, PChr (Koeman
vl el, l%g). The 10 p.p.m. level resulted
in xmall Ipsignificant increaxe in weight
gain especially during the last § week.
The na{ experiment was designed to as-
certain bow levels below S0 p.p.m. PCDBs

. M. Renersen, R, . Hrantey, jr. ann M. L, Bunny,

would affect growth, symptoms and toxiclty
in the chick, Average weights of chicks fedd
dicts containing levels of PCBs from 10-
50 p.p.m. are shown in Vigure 2. Three ex-
periments have been averaged together in
thix figure. In one of the three experiments
the 20 and 40 p.p.m, groups were not in.
clidedd in the experimental design, Growih
depression resulted from PChHs even st lev-
cls where no deaths occurred, There was
considerable variation in how Individual
hirds rcact on the same diet. Two hirds on
the dict containing 30 p.p.m. PCits cach
weighed 208 g, ol 3 weeks of ape. At 4
weeks of ape one had gained 14 g, and the
other 105 a. The 40 p.p.m. growlh curve
was almost identical with the 30 pp.m.
curve, Onc bird on the dict containing 50
ppm. PClis Jost §T g. between 3 and 4
weeks of ape (206-154), One bird on this

S0 = NO PCBS
—~10 PPM PCBs
cem= 20 PPM PCBs

300

" ppm. PChs

V]
- |
! (
150 } g
1 :
| ;
lOOf‘ | :
i U
' ¢
50 f ¢
! u
! ol
4 i 1 i ‘ p
} 2 3 4 < 4 <)
WEEKS ; <
, - Fu 2. Average weighls of chicks fed variow !
levels of PCBs. (30 chicks dtarted in each growp
excepl for the 20 and 40 p.p.m. where ealy »
chicks were started.) ko, ). Bunvi.
DSW 029337 '
—r ¢ ""‘V's...‘.___.__*_ }

diet gaine.’
Rained 79 ;i
Sixteen ¢
p.p.m, pCJ.
out of 20 ¢
out of 30 ,
Tevels of m
growth dejir.
and conliny,
the experim
Morulityl
with 50 ppy
3. At 34 day’
on the diet ¢
mortality cu+
18 dl}’l but |
the blrds inc
General ¢!
diets contain
edema was «
tleveloped bl
the wattles in
of age (Figur
been fed diet

the report 1
Health Labo
generalized ed.

STLCOPCB4013299



al

n

hly

.
10

its

et galngd 10 & (213-223) and one
pained 79 g. (208-287),

Kixtecn ofit of 30 chicks died when 50
p.pm PCRs were fed, yet only 4 deatha
out of 20 ¢cturred at 40 p.p.m, and 1 death
out of 30 af 30 p.p.m. to § weeks of age,
Levels of more than 10 p.p.m, resulted in a
growth depréssion starting at 1 week of age
and continulng through the fifth week when
the ex;wrix)xénl was terminated,
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with $0 p,p.m. PCBY are shown in Figure
3. At 34 days, 5096 of the chicks had died
on the dict c:on(aining 50 p.p.m, PCBs. The
morlality 'cu:n'c was near normal the first
15 days bpt losees became more severe as
the birds im:\ reased in age,

General_m*cma was observed in birds fed
diets containing > 20 p.p.m. ICBs. The
edema wag gevere enough so that swelling
developed below the beaks and adjacent to
the wattles In most chicks at 2} to 3 weeks
of age (Figure 4). When chicks which had

Mortalily results if § scparate studics

Fi0. 4. Typical swellings in chicks with PCRB
induced edema, Nole: the swelling below the beak
and adjacent to the watles.

,effusion into the pericardial sacs, muscles,

subcutancous tissues and ahdlominal cavity
were observed. Apparently, the permeabil-
ity of chick tissues increases in the pres.
ence of PCBs, Others have ohserved erlema
duc to feeding PCBs hut not the double
chin cffect shown here. McCune ¢f al..

D SN

.7 been fed diels containing 50, 100 and 150  (1962) and Flick ¢ al. (1965) reported
/ p.pm. PCBy were examined postmortem, that edema was observed in chicks fed
/ the report from the Wisconsin Animal 400 pp.m. PCBs in the diet, however,
K Health boratory indicated exlensive edema was virtually absent from 24 chicks
generall ,.eiﬂcma. Large amounts of serous  fed 200 p.p.m. PCBs. Species, sex and 6%
60 .
. V r. ™ M) -
g NN A ~
Suof ] -
'.a.ao- . .
b [ i.
: %20_ o
"5 é o} -
ous 0 3 6 & 1215 18 21 24 27 30 3 %
wp DAYS
30 . '
. F10.-3, Burvival of chicks on diets contalning $0 p.p.m, PCBs. (34 chicks started in § sludies) .
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Fio. $. ‘Hydropericandium in chick fed a diet
icontaining $0 p.p.m. PCBa.

lower ¢hlorine content of PCRs used in
their experimenta might account for no or
slight edema at 100 PCRs. :
An énlarged heart aac is a characteristic
symptom of PCR toxicity (McCune ef al,,
1962: ‘Flick ef al., 1965; Koeman ¢f ol.,
1969). A typical example is shown in Fig-
ure S, In postmoriem examination of five §-
week bld birds on a dict containing SO
ppm. PCBs we removed 10 ml. of fluid
from 3 heart sace, 2 mi. from one, while on
the lait the beart sac appeared normal,
Flick ¢¢ al, (1965) found only 1 ml. (aver-
age) whien 400 p.p.m. were fed for 3 weeks,
A dasping condition was also observed
with }L levels of PCBs in the diel, This
could be the result of an enlarged beart sac
exerting pressure which prevents normal
heart action, This would reduce dardiavas-
cular capacity., Moreover, normal lung
function would be impaired by the serous
fluid and hemorrhages which were observed
in podtortem examination. _
A r‘o jceable decrease in the development
of tomb and wattles was observed with
chicks ‘fed diets containing 40 and 5O

paran, POB, Ban dlepresstin of seemuiney
mexunl charnctesisties win olewrved 86 W
s, s s nosleesble shyrenw wis ob
serverd whien ebloka weer [ 10 il 20
trgrn. PCRS Phis offec] bns o by pe
partead greviously for chickens, Risehrowh
ot al, (1968) has reporied that PCHa in-
Jected Intramuscularly in pligcons resulted
In an increase in estradiol metabolltes in
the liver 7 days after injection, DDT which
is structurally simllar to I'Chs exhibited
hormonal degradation in studies using tes-
tosterone  and  progesterone  (Peakall,
1967). Degraciation of steroid hormones by
hepatic enzymes which were Induced by
PCRs could account for the depression of
secondary sexual characteristics which were
observed.

In some birds fed a diet containing $0,

100 or 150 p.p.m. PCBs, a postmortem ex-
amination revEeled that the proventriculus
was atypically solid and firm to the touch,
Full and distended crops were ohserved In
some birds fed SO p.p.m. PCRs in the diet.
In one experimental group, 6 out of 10
birds had abnormally distended crops at
24 weeks of age. This condition lasted
only 2 or 3 days and was not observed at
the lower levels of dietary PCRBs, This indi-
cates 8 temporary stasis of the digestive
tract, .
Three deaths which the investigators ob-
served were preceded by a convulsion,
Other chlorinated hydrocarhons are known
to interfere with the nervous aystem. DDT
attacks the nervous system of animals and
disrupts  the ion-transport mechaniam
(Matsumura, 1969). This disruption can
result in respiratory fallure or secondary
polsoning by neurotoxins produced In the
animal during DDT polsoning.

Liver as a percentage of body weight in-
creased as PCBs in the diet increased (Ta-
ble 2). This increase in liver as percentage
of body weight was also observed when
diets contained chick edema factor (CEF)

DSW 02933

wera fead
mhn, 1001
i thutl atun

by the wel
et
1 inuseulur
which had
or 150 py
rous fAuid
bearts o}
Bleeding |
many chic
periments
Many «
a3 edema,
integrity
utilizatior
mins,
Symptc
are simil
containing
clude: I
edema, 3
cell wall
liver as 1
stituent 1
contain
(Yartzoff
fiarity to
tion of ¢
one migh
tion Is sir

Other

9

STLCOPCB4013301

wfircted, '}



- —— & g

vacaew e o

Tox1C1TY or POLYCHLORINATED HIPIIENYLS 1005

were fed to chicks (Campbell and Fried-
man, 1966). The data do show, however,
that actunl liver weights per bird are not
affected, The pepcentage change is caused
by the welght peduction. voTee

Postivorlem | examinations
muscular hemotthaging In aome  blrds
which bad (ch gn diets containing 50, 100
or 150 p.p.m, PCHs, Lungs contained se-
rous fluid and some hemorrhaging. Some
hearts showed petechial  hemorrhages.
Bleeding from the mouth was observed in
many chicks which had died during the ex-
periments reportéd here. o

Many of the symptoms of toxicity such
as edema, hemorrhaging and lack of tissue
integrity suggest .that PCBs Interfere with
utilization or absorption of fat soluble vita-
mins.

Symptoms observed In chicks fed PCBs
are similar to t‘»dsc reported when . diets
containing CEF were fed. Symptoms in-
clude: 1) depiessed body weight, 2)
edema, 3) pcxficﬁrdial fluid, 4) increased
cell wall permeability and 5) an Increase in
liver as pcrcen,Ca}zc body weight. The con-
stituent tespon:siplc for CEF is known to
contain a high proportion of chlorine
(Yartzoff ct al., 1961). Because of the sim-
jlarity to symptg'\ms and the high propor-
tion of chlorine in both:PCBs and CEF,
une might post,ul'p\c that “heir mode of ac-
tion is similar, -

Other workers (McCune et ol, 1962;

TARLE 2.~Liver 41 1, body weight on loxic levels of
PCPs ‘Ic 2§ week-old chicks

el et e R R i e — =

PCBs added  Wei

h Weight Liver as
to dieg g(rdt of liver % body wt.
L ;z‘w £ 2.7

0 198 6.7 R
' 170 .8 3.4
150 1106 4.8 4.5
10 1139 6.2 4.8
150 s 6.8 45
' ]
1 ]

-~ R

- |

Indicated

Flick et al, 1965) with chickens and
Tucker and Crabtree (1970) with ducks
reported that higher levels are required for
toxic symploms to develop than were
netded In thesé “experiments. Generally,
the other workers have not worked with
levels below 100 p.p.m. This could account
for the differences in the rcsults, The
best possibility at this time for the differ.
ences s the relative toxicity of PCHs based
on the chlorine content. Only the com-
pound containing 48% chlorine was tested
In these experiments but chickens certainly
are affected by relatively low levels of this
compound. '

SUMMARY

Maximum tolerance of polychlorinated
biphenyls conlaining 48% chlorine in the
chick is approxlmately SO p.p.m, Symptoms
observed in the chick fed polychlorinated
biphenyls included 1) depressed weight
gain, 2) edema, 3) gasping for breath, 4)
hyperpericardial fiuid, 5) internal hemor-
rhaging, 6) depression of secondary sexual
characteristics and 7) an increase in liver
as percentage of body weight. Sevecsl of
these symptoms were present when levels of
more than 20 p.p.m. of PCBs were fed.
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[Pfumigation and Reuse of Broiler Litter'

: EnnesT Ross AND ALLEN Y., MivAlAkA?
Depn[hﬁm of Anlmal Sclences, Unlversity of Hawail, Honolulu, Hawall 96422

) (Recelved for publicatlon Decemixr 14,
' Joa %

HE perlodic scarcity of conventional

litter materials Is @ matter of increas-
Ing concern to broiler producers in many
parts of the country. In arcas where the
problem has i”?“ especlally acute some
poultrymen habe resorted to reusing the lit-
ter for 2 or mole broods.

Although  Kennard and  Chamberlin
(1947, 1948a, b, 1949, 1951) have demon-
strated the eﬁ'pcliivcncss of bullt-up litter
pathologists and poultrymen are still con-
cerned about thé possibility of perpetuating
discase organlsms to succeeding broods.
The use of a soll fumigant, methyl bro-
mide, by Andréws ef al. (1943) and Boney
(1948) for con}rol of coccidia and interme-
diate hosts of Q’-.og\e Internal parasites sug-
gested to Edgar and King (1955) the pps-
#ibllity of sterilizing poultry Jitter with me-

*Journad Scriea No. 1278 of the Mawali Agrl-
cultural Fxperdment Station, \ '

*State Deparlineht of Agriculture, Honoluly,

" Mawail 06814, Preient address: Department of

Anlmal Sciences,

niversity of Hawall, Honoluly,
Hawall 96811, .

1970)
i #
thyl bromlde. In a controlled laboratory

study and under "scmi-ficld conditions”
they reported that methyl bromide killed
Aspergillus  fumigatus on apar, Ascaridia

" galli egps and Eincria tenclla oocysts in a

small amount of water when used at the
rate of 1 cc. per quart of space or 1 pound
per 100 square feet of floor space.,

Klepser et al. (1962) fumigated two
broiler houses under field conditions at the
ratc of 1/2 and 1 1b. of methyl bromide per
100 srquare feet of floor space. Test dishes

_distributed in the litter showed good con-
trol of E. necatrix and variable results with
Ascarls suum ova, They also reported no
significant mortality among chicks placed
on the fumigated litter within a few hours
following termination of the fumigation pe.
riod. Their preliminary report, however,
id not contain data on the subscquent per
formance of these chicks,

The purpose of this study, therefore, wat
to determine the effect of methy! bromlde
fumigation of reused litter on chick growih,
fced converalon and mortality,

DSH
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