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INTRODUCTION

* OLYCHLORINATED  biphenyls

(PCBs) are a series of inert, chemically
resistant plasticizers compatible with a
wide variety of materials, such as paints,
synthetic resins, varnishes and.waxes and
are used to improve such properties as
chemical resistance, water resistance, ad-
hesiveness and flexibility (Monsanto,
1968). '

Since PCBs appear extensively in the en-
vironment (Risebrough ¢t al., 1968) and
because p{ their chemical properties and

. widespread use, it appears important to
e study their potential- effects on biological
systems.

Some work on the eflects of PCRBs on
chickens has appeared in the literature.
McCune et al. (1962) observed that an
epoxy-resin paint caused symptoms of
“chick edema” when chicks were placed in
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Subsequent mvcsugiuon revealcd that the
amine hardener 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.

Ty'? ! '7’

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 et al.,
1965) sugpested that 400 p.p.m. were re-
quired to produce serious symptoms. In ad-
dition to the above symptoms, they ob-
served cream-colored pancreas, enlarged
adrenal, small spleen, dermatitis and de-
feathering. Hemoglobin and hematocrit
were reduced and blood glucose was re-
duced slightly.

Koeman ¢t al. (1969) reported that
2000 p.p.m. killed 5 out of § Japanese quail
in less than 2 weeks. Amdefson ¢f dl.

* Registered trademark for a compound con-
taining 42% chlorine. Sold by Monsanto, St. Lowis,

Mo,
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{1969} have reported on the PCR content
of egex of pelicans and cormornnls ob.
tained in remote areax as well as near ine
dustrial arcas. Fat extracted from fish in
Lake Michigan was cxamined in this labo-
ratory and contained up to 120 p.p.m.
I'Clis (Rradley, 1970).

Data on the effect of various levelr of

~ PCRas in the dict of the chick could be used

to determine safe levels of I'CRs in chick
feed. The possibility exists that ingredients
could contain significant levels of IPCRs
and that poultry could ingest significant
quantitics,

Studies on PCB toxicity in the chick

could be used in combination with data
from trials on other experimental animals
to assess the potential hazard of PCB to
man,
Data obtained by direct experimentation
is of more value than that obtained in indi-
rect wayve and the young chick is an casy
animal to control for this type of experi-
mentation.

EXPERIMENTAL

Diets containing various levels of PCBs

" were prepared by adding a PCB (Aroclor

1248**), which contains 48% chlorine, to
the basal diet in Table 1. PCBs were dis-
solved in petroleum ether and mixed into a
small portion of the basal diet prior to final
Mmixing to facilitale even distribution
throughout the mixture. The basal dict was
analyzed using the method of the Food and
Drug Administration (1968) and found to
contain < 1 p.p.m. of compounds which
show on the chromatograph to be similar to
PCBs. '

Ten one-day-old chicks, resulting from

" the croxsing of Néw Ilampshire males and

S.C. White Leghorn females, were placed

on diets containing various amounts of
PCBs. All experiments were conducted in .

i

*¢ Oblained {rom Momanto, St, Louis, Mo.

‘T'anLy .- -Based diel

LB T T L T Ll e el TmAL D L R e ',‘.:’
gm./kilo-
gram
Ground yellow corn s28
Wheat middlings 100
Alfalfa meal (220 [.U. A/gm) S0
Meat aerap (M protcin) S0
Soxhean menl (447, protein) 200
Fish meal (607, rotcin) L]
lodized ralt 3
Chick size ayster shell 10
Grandie grit . 10
mg./kiln-
gram
MnSO, 116
Vitamin Req (.132 mga. /gm.) R4
Riboflavin (44.3 mgs./gm.) 53
Penicillin (44.3 mgs./gm.) 0w
Vitamin A (10000/gm.) 221
Vitamin D, (8830/gm.) 9 -

. clectrically heated batteries with raised
wire floors. Feed and water were provided

ad libitum. Chicks were weighed weekly,
ceaths and toxicity symptoms were re-
corded daily. Seven hirds that died on PCB
diets were examined by the Wisconsin State
Animal Health Lahoratory in Madison 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 at 44 to §
weeks. In reporting the results, some of the
data werc combincd and are indicated jn
the Results and Discussion section.

RESULTS AND DISCUSSION
Survivors and average weights of groups
of 10 chicks each (ed diets containing 0, 10,
50, 100, and 150 p.p.m. I"CBs were plotted
in Figure 1. A depressed growth rate was

observed with dietary levels of SO p.p.m.

I'CBs and greater. When 100 p.p.m. and
150 p.p.m. PCHs were added to the diet,
toxicity did nol incrcase proportionately.
This has also been reported in rats by
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Fic. 1. Survival and average weights from 10
chicks {ed various levels of PCBs.

Tucker and Crabtree (1970). Mortality
was as severe with 50 p.p.m. as with 3
times as much PCBs in the diet. The survi-
vors are shown directly on Figure 1. All 10
survived unless indicated. Flick ¢f al.
(1965) reported no deaths when 24 Single
Comb White Leghorn cockerels were fed
diets containing 200 p.p.m. PCBs (Aroclor
1242) and only 4 deaths in 24 chicks on &
diet containing 400 p.p.m. PCRBs. Aroclor
1242 is a.PCRB which contains 6% less
chlorine than Aroclcr 1248 and presumably
this accounts for somewhat lower toxicity,
Total mortality with Japanese quail was
observed between 6 and 55 days after feed-
“ing a diet of 2,000 p.p.m. PCBs (Koeman
¢l al., 1969). The 10 p.p.m. level resulted
in small- insignificant increase in weight
Fain especially during the last § week.
The next experiment was designed to as-
certain how levels below 50 p.p.m. PCBs

would affect growth, symptoms and toxicity
in the chick. Average weights of chicks fed
diets containing levels of I'CHs from 10-
50 p.p.m. are shown in Figure 2. Three ex-
periments have been averaged together in
this figure. In one of the three experiments
the 20 andd 40 p.p.m. groups were not in.
cluded in the experimental design, Growth
depression resulied from PCHBs even at Jev-
cls where no deaths occurred. There was
considerable variation in how individual
birds react on the same diet. Two birds on
the dict containing 30 p.p.m. PClis cach
weighed 208 g, at 3 wceks of age. At 4
weeks of ape one had gained 14 g. and the
other 105 g. The 40 p.p.m. growth curve
was almost identical with the 30 p.p.m.
curve. One bird on the dict containing 50
pp-m. PChs lost 52 g. between 3 and 4
wecks of age (206-154). One bird on this

W

50 = NO PCBs

—«}0 PPM PCBs
=== 20 PPM PCBs
e 30 PPM PCBs
[~ e S0 PPM PCBs

5Ty 8

WEIG
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g 8
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Fui 2. Average weighls of chicks fed various

S At T S, .
e 4 1 oy v e

" levels of PCBs. (30 chicks startcd in each grow

except for the 20 and 40 p.p.m. where oaly 0
chicks were started.)
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dict gained 10 g (213-223) and one
gained 79 g, (208-287).

Sixteen out of 30 chicks died when 50
p.pm. PCRs were {ed, vet only 4 deaths
out of 20 occurred at 40 p.p.m. and 1 death
out of 30 at 30 p.p.m. to § weeks of age,
Levels of more than 10 p.p.m. resulted in a
growth depression starting at 1 week of age
and continuing through the fifth week when
the experiment was terminated.
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with S0 p.p.m. PCB4 are shown in Figure
3. At 34 days, 5050 of the chicks had dicd
on the dict containing 50 p.p.m. PCBs. The
mortality curve was near normal the first
15 days but losses became more severe as
the birds increased ini age.

General cdema was observed in birds (ed
diets containing > 20 p.p.m. I’CBs. The
edema was severe 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
been fed diets containing S0, 100 and 150
p.p-m. PCBs were examined postmortem,
the report from the Wisconsin Animal
Health Laboratory indicated extensive
generalized edema. Large amounts of serous

Mortality results if § scparate studies

Fio. 4. Typical swellings in chicks with PCB
induced edema. Note: the swelling elow the beak
and adjacent to the wattles.

.effusion into the pericardial sacs, muscles,

subcutaneous tissues and abdominal cavity
were ohserved. Apparently, the permeabil-
ity of chick tissues increascs in the pres-
ence of I'CBs. Others have observed edema
due to feeding PCBs hut not the double
chin effect shown here. McCune ¢t dl.

(1962) and Flick ¢t al. (1965) reported.

that edema was observed in- chicks fed

400 p.p.m. PCBs in the diet, however,’

edema was virtually absent from 24 chicks
fed 200 p.p.m. PCBs. Species, sex and 6%
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Fic. 5. Hydropericardium in chick fed a diet
containing 50 p.p.m. PCBs.

lower chlorine content of PCRs used in
their experiments might account for no or
slight edema at 100 PCBs.

An enlarged heart sac is a characteristic
symptom of PCB toxicity (McCune et al.,
1962; Flick et al., 1965; Koeman ¢t al.,
1969). A typical example is shown in Fig-
ure 5. In postmor‘em examination of five §-
week old birds on a diet containing 50
p.p-m. PCBs we removed 10 ml. of fluid
from 3 heart sacs, 2 ml. from one, while on
the last the heart sac appeared normal.
Flick et al. (1965) found only 1 ml. (aver-
age) when 400 p.p.m. were fed for 3 weeks.

A gasping condition was also observed
with high levels of PCBs in the diet. This
could be the result of an enlarged heart 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 postmortem examination. _

A noticeable decrease in the development
of comb and wattles was observed with
chicks fed diets containing 40 and 50

v?pw
pran. PORS Lans dipresston of aeciudury wrrs fri
mextinl chorsctetistion wis alearved at 8 man, 104
paan. and no patheesble tierense wan ob i that aclu
servedd when chilcka were fed 10 andd 20 affected,
e, VOB Thin effeet hns ot Ieen re- hy the we
ported previously for chickens, Risehreugh | Pomton
et 4l (1968) has reported that PCHs in- i inuscular
jected intramuscularly in pigeons resulted which ha
in an incrcase in estradiol metabolites in or 150 |
the liver 7 days after injection. DDT which rous Auic
is structurally similar to PCHs exhibited hearts
hormonal degradation in studies using tes- Bleeding
tosterone and progesterone  (Peakall, many chi
1967). Degradation of steroid hormones by periment:
hepatic enzymes which were induced by Many
PCBs could account for the depression of as edem:
secondary sexual characteristics which were integrity
observed. utilizatio:
In some birds fed a diet containing 50, mins.
100 or 150 p.p.m. PCBs, a postmortem ex- Sympt.
amination revexled that the proventriculus are Simil‘.
was atypically solid and firm to the touch. } containir -
Full and distended crops were ohserved in clude:
some birds fed 50 p.p.m. PCBs in the diet. edema, .
In one experimental group, 6 out of 10 cell wall
birds had abnormally distended crops at liver as
24 weeks of age. This condition lasted stituent
only 2 or 3 days and was not observed at contain
the lower levels of dietary PCBs. This indi- (Yartzof
cates a temporary stasis of the digestive ilarity t
tract. . tion of
Three deaths which the investigators ob- one mig.
served were preceded by a convulsion. tion is si
Other chlorinated hydrocarhons are known Other
to interfere with the nervous system. DDT T 2
attacks the nervous system of animals and AmLE 2.
disrupts the ion-transport mechanixm
(Matsumura, 1969). This disruption can Pcaldlig
resuit in respiratory failure or secondary
poisoning by neurotoxins produced in the ' pp.m
animal during DDT poisoning. ! 0
Liver as a percentage of body weight in- | 0
creased as PCBs in the diet increased (Ta- i
ble 2). This increase in liver as percentage |- £
of body weight was also observed when | 150
diets contained chick edema factor (CEF) :
|
DSW 332636
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were fed to chicks (Campbell and Fried-
man, 1966). The data do show, however,
that actual liver weights per bird are not
affected. The percentage chnnge m caused
by the weight reduction. e

Postmortem  examinations  indicated

muscular  hemorrhaging in some birds
which had died on diets containing 50, 100
or 150 p.p.m. PCBs, 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 reported here.

Many of the symptoms of tomcnty 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 those reported when. diets
containing CEF were fed. Symptoms in-
clude: 1) depressed body weight, 2)
edema, 3) pericardial fluid, 4) increased
cell wall permeability and §) an increase in
liver as percentage body weight. The con-
stituent responsible for CEF is known to
contain a high proportion of chlorine
(Yartzoff ¢t al., 1961). Because of the sim-
ilarity to symptoms and the high propor-
tion of chlorine m both :PCBs and CEF,
one might postulate that heir mode of ac-
tion is similar.

Other workers (McCune et al, 1962;

TaBLE 2.—Liver as T, body weight on loxic levds of
PCPs with 2§ week-old chicks

PCBs added Weight Weight- Liver as
to diet of birds of liver % body wt.

.p.m. g " g
P 0 218 5.8 2.7
0 198 6.7 3.7
' %0 170 5.8 3.4
150 106 &8 4.5
150 139 6.2 4.5
150 151 6.8 4.5

Flick ¢t al., 1965) with chickens and
Tucker and Crabtree (1970) with ducks
reported that higher levels are required for
toxic symptoms to develop than were
needed 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 results, The
best possibility at this time for the differ-
ences is the relative toxicity of PCBs based
on the chlorine content, Only the com-
pound containing 489 chlorine was tested
in these experiments but chickens certainly
are affected by relatively low levels of this
compound. '

SUMMARY

Maximum tolerance of polychlorinated
biphenyls containing 48% chlorine in the
chick is approximately 50 p.p.m. Symptoms
observed in the chick fed polychlorinated
biphenyls included 1) depressed weight
gain, 2) edema, 3) gasping for breath, 4)
hyperpericardial fluid, §) internal hemor-
rhaging, 6) depression of secondary sexual
characteristics and 7) an increase in liver
as percentage of body weight. Sevecal of
these symptoms were present when levels of
more than 20 p.p.m. of PCBs were fed.
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[Fumigation and Reuse of Broiler Litter*
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HE periodic scarcity of conventional

litter materials is a matter of increas-
ing concern to broiler producers in many
parts of the country. In areas where the
problem has been especially acute some
poultrymen have resorted to reusing the lit-
ter for 2 or more broods.

Although Kennard and Chamberlin
(1947, 1948a, b, 1949, 1951) have demon-
strated the effectiveness of built-up litter
pathologists and poultrymen are still con-
cerned about thé possibility of perpetuating

disease organisms to succeeding broods. |

The use of a soil fumigant, methyl bro-
mide, by Andrews et al. (1943) and Boney
(1948) for control of coccidia and interme-
diate hosts of some internal parasites sug-
gested to Edgar and King (1955) the pos-
sibility of sterilizing poultry litter with me-

* Journul Seriea No. 1278 of the Hawaii Agri-
cultural Lixperiment Station,

'State Department of Agriculture, {onoluly, .

Hawaii 96814, DPresent address: Department of
Animal Sciences, Univenity of Hawali, Honoluly,
Hawail 96822, -

thyl bromide. In a controlled laboratory
study and under ‘‘semi-field conditions”
they reported that methy! bromide killed
Aspergillus  fumigatus on agar, Ascaridia
" galli egps and Eimcria 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 ¢t al. (1962) fumigated two
broiler houses under field conditions at the
rate of 1/2 and 1 1b. of methyl bromide per
100 square feet of floor space. Test dishes
distributed in the litter showed good con-
trol of E. nccatrix and variable results with
Ascaris suum ova. They also reported no
significant mortality among chicks placed
on the fumigated litier within a few hours
following termination of the fumigation pe-
riod. Their preliminary report, however,
aid not contain data on the subsequent per
formance of these chicks,

The purpose of this study, therefore, wat
to determine the cffect of methyl bromide
fumigation of reused litter on chick growih,
fced conversion and mortality,

2 e e,
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