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1090 King Georges Post Rd.
Suite 407. Edison, NJ 08837 908-225-6266

TECHNICAL ASSISTANCE TEAM FOR EMERGENCY RESPONSE REMOVAL AND PREVENTION
EPA CONTRACT 68-WO-0036

21 January 1993

Eileen Helmer
U.S. EPA
Mail Code 5HSM-TUB7
230 South Dearborn Street
Chicago, IL 60604-1602

Dear Eileen,

Mark Sprenger requested that I send you the following information:
• The exposure model for mink that was used in the NL risk assessment
• Life history information for red-winged blackbirds
• Data on dietary toxicity of PCBs to mink

Enclosed are summary tables with the above information, and a list of references. The soil
ingestion rate that was used for mink was obtained from the Wildlife Exposure Factors
Handbook, which has only been released as a draft and is not a titeable source. We have tried
to obtain a copy of the original study, but have not been successful. We do not have a
readily available reference for soil ingestion by passerine birds, but I will try to find one at the
library.

Also enclosed is a copy of the Cannelton XRF report. This may help indicate what is needed
for the Circle Smelting XRF report. Specific information that is needed includes discussion of
methods used for sample prep and analysis, the model used for the XMET, and detection and
quantitation limits.

If you have any questions, please contact me*

Sincerely,

Roy F. Weston, Inc.
MAJOR PROGRAMS DIVISION
In Association with Foster Wheeler Enviresponse, Inc., Resource Applications, Inc., CC. Johnson & Malhotra, P.C,
R.E. Sarriera Associates, and GRB Environmental Services, Inc.



Table 3-2. Percent Soil in Diet Estimated from Acid-insoluble Ash of Scat (Beyer et al.,

1991).

Species

Semipalmated
sandpiper

Western sandpiper

Stilt sandpiper

Raccoon

Woodcock

Canada goose

Least sandpiper

Box turtle

Fox

Meadow vote

White-footed mouse

Scat
samples1

1

1

1

4

7

23

1

8

7

7

9

% Insoluble Ash
Mean/(Range)

56

42

40

28 (13-50)

22 (6.3-40)

12 * (3.9-38)

24

18 (3.6-49)

14 (4.8-25)

8.9 (4.2-14)

8.5 (5.7-11)

Estimated
Digest. % of
diet

70

70

70

70

60

25

70

70

70

55

65

Estimated %
soil in diet

30

18

17

9.4

9.1

8.2 . '

7.3

4.5

2.8

2.4

<2

Beyer et al.'s data should be used with caution, however, as error was introduced by
estimating variables in the equation (e.g., digestibility), and by the small sample size they
obtained from some of the smaller animals.

Other studies that considered the soil content in the diet of species related to those
represented in this Handbook are presented in Table 3-3. Arthur and Gates (1988 as cited in

Beyer et al., 1991) estimated 6.3 percent soil in the diet of jackrabbits. The digestive tracts of
shorebirds have been estimated to contain from 10-60 percent sand (Reeder, 1951 as cited in
Beyer et al., 1991). Sediment has been found in the stomachs of Ruddy ducks and shovelers
(Goodman and Fisher, 1962 as cited in Beyer et al., 1991) and white-footed mice (Garten,
1980). Sediment in the gut of tadpoles inhabiting highway drainages may be responsible for

1 For all the sandpipers, the white-footed mouse, and the meadow vole, scat samples
from more than one animal had to be combined to create a sample of sufficient quantity for
chemical analysis. This is why only one sample was analyzed for each species of sandpiper.
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Goodman, D. C.; Fisher, H. I. (1962) Functional anatomy of the feeding apparatus in -

waterfowl (Aves: Anatidae). Carbondale, IL: Southern Illinois University Press; 193 pp.

Kramer, D. C. (1973) Geophagy in Terrepene ornate ornate Agassiz. J. Herp. 7: 138-139.

Kreulen, D. A.; Jager, T. (1984) The significance of soil ingestion in the utilization of arid
rangelands by large herbivores, with special reference to natural licks on the Kalahari pans.
In: International symposium on herbivore nutrition in the subtropics and tropics (1983:
Pretoria, South Africa). Draignall, South Africa: Science Press; pp. 204-221.

Mayland, H. F.; Shewmaker, G. E.; Bull, R. C.. (1977) Soil ingestion by cattle grazing crested
wheatgrass. J. Range Manage. 30: 264-265?

Reeder, W. G. (1951) Stomach analysis of a group of shorebirds. Condor 53: 43-45.

Sokal, O. M. (1971) Uthophagy and geophagy in reptiles. J. Herp. 5: 69-71.
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TABLE?

LIFE HISTORY INFORMATION USED IN DIETARY EXPOSURE CALCULATIONS
FOR MINK (Mustela vison)

Body Weight: 1 kg (Bleavins et al. 1980)

Dietary Ingestion Rate: 150 g/day (Bleavins et al. 1980)

Home Range: 2630 m stream length, <J
1850 m stream length, 9 (Linscombe et al. 1982)

Soil Ingestion Rate: 4.2 g/day* (Beyer et al. 1991)

Water Ingestion Rate: 0.10 L/day (Calder and Braun 1983)

Diet: 50% Small Mammals
50% Aquatic Biota (Frogs and/or Fish)

'Estimated soil ingestion rate (2.8% of dietary ingestion rate) using red fox data, soil ingestion
rates for mink are not available.



TABLE 3. ASSUMPTIONS FOR DAILY INTAKE CALCULATIONS FOR RED-WINGED
BLACKBIRD (Agelaius phoeniceus)

Body weight:

Digestion rate:

Diet:

Home range:

Soil ingestion rate:

Male, 63.6 g
Female, 41.5 g (Clench and Leberman 1978)

8.4 g/day (Kenaga 1973)*

Primarily aquatic insects (observations made during breeding season;
Orians 1980)

73% vegetable matter, 26.6% animal matter (based on year-round
observations; feed mainly in marsh during breeding season; Bent
1965)

Food delivered to nestlings: 97.8% animal matter (by volume;
Snelling 1968)

3000 m2 (Nero 1956)

689 m* in marshes, 2188 m2 in upland areas (Case and Hewitt 1963)

Water ingesdon rate: 9 ml/day, male
7 ml/day, female6

* Ingestion rate cited for European blackbird, Turdus menda
b Assumed to be negligible based on feeding habits
c Calculated using allometric equation derived by Calder and Braun (1983)



c

Lethal and sublethal effects of dietary PCBs to mink

Species

Mink

Mink

Mink

Mink

Mink

Mink

Mink

Dose

0.64 mg/kg
0.096 mg/kg/day1

2.0 mg/kg
0.3 mg/kg/day1

5.0 mg/kg
0.75 mg/kg/day1

5.0 mg/kg
0.75 mg/kg/day1

20 mg/kg
3 mg/kg/day1

31.5 mg/kg
4.7 mg/kg/day1

48.5 mg/kg
7.3 mg/kg/day1

Exposure

16 weeks; Arochlor
1254 mixed in food
4 months; fed diets
containing Great Lakes
salmon

16 weeks; Arochlor
1254 mixed in food
8 months; Arochlor
1242 mixed in food
8 months; Arochlor
1016 mixed in food
35 days; Arochlor 1254
fed to rabbits, rabbits
fed to mink
35 days; 1254 mixed in
food

Effect

Reproductive failure

Nearly complete reproductive failure

Loss of offspring

Complete reproductive failure

Reduction in kit growth, higher kit
mortality
LCn

LCjo

Reference

Platonow and Karstad 1973

Aulerich and Ringer 1977

Ringer 1983

Bleavins et al. 1980

Bleavins et al. 1980

Aulerich et al. 1986

Aulerich et al. 1986

1 Exposure in mg/kg/day calculated based on an average adult bodyweight of 1 kg and ingestion rate of 0.15 kg/day (Bleavins et al. 1980)
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Below is the information found for the literature search on mink.

Reproduction. Mink are sexually mature at the age of 10 months.
Mating season varies depending upon latitude and among subspecies,
but generally occurs from late February to early April. Litter
size ranges from one to eight, averaging about four young per
birth.

Habitat. Mink occur in a wide range of wetland habitats including:
banks of rivers, streams, lakes, ditches, swamps, marshes and
backwater areas. Different studies have noted population-specific
wetland-habitat preferences among various mink subspecies. The
availability of den sites is another habitat requirement for mink.
Den sites may include old beaver lodges, muskrat bank burrows or
houses. Studies have indicated that den availability may effect
mink populations, and as more den sites become available mir-<
populations may increase*

Population Density. Mink populations vary widely depending upon
habitat quality, den site availability, geographic location and
trapping pressures. The following is a summary of mink population
densities based upon trapping records and mark and recapture
studies:

Roy E Wcston, Inc.
MAJOR PROGRAMS DIVISION
In Association with Foster Wheeler Envirespoase, Inc., Resource Applications, Inc., C.C Johnson Malhocra, P.C,
and R-E. Sarriera Associates



MinX F P«r 10 ha (24 acres)

gabitat TypeNumber of Mink
St. Amant (1959)cvpres»-tupelo

eoiifcHern-Louisiana swamp

"better drained bottom

brackish marsh
Palmisano (1971)Fresh-watermarsh
Mitchell (1961)Montana river in 1957

Montana river in 1958

'Based upon trapping records of the number of pelts per area
."Based upon mark and recapture studies

Home Range. Male mink generally have much larger home ranges than
female mink. During th* winter mink '\tend to concentrate their
activity in a more restricted portion of the home range. Male
activity throughout their entire home range tends to be maximized
during the mating season*. Using telemetry data, Gerell (1970)
calculated home ranges for adult mink along a stream. He found
adult male mink have home ranges averaging 2,630 meters of stream
length with a range of 1/800 to 5,000 meters. Adult females had
home ranges averaging 1,850'meters of stream length, but varied
from 1,000 to 2,800 meters. For both sexes juvenile home ranges
were significantly less. Kitchell (1961) estimated home ranges for
two adult female mink along the Montana river. The first female
had a home range of 7.8 ha based upon 7 captures and the second
female had a home range of 20.4 ha based upon 10 captures. He
noted that the first female's home range was in optimal habitat
containing excellent cover with a small drainage ditch running
through it. In comparison the second females home range was in a
marginal habitat containing limited cover.

Polychlorinated Biphenyls* Mink have been found to be extremely
sensitive to PCBs. Platonow and Karstad (1973) noted in ranched
mink as little as 0.64 ppm of PCB (from contaminated meat) in the
diet for 160 days caused nearly complete reproductive failure,
while 3.57 ppm dietary PCB was lethal to adult mink. Bleavins et
al. (1980) found in a 247 day study mink fed concentrations as low
as 20 ppm Aroclor 1242 exhibited 100% mortality.
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Dietary Effects of Polychlorinated Biphenyls
on Mink

N. S. Plotonow and L. H. Karstad*

ABSTRACT

^Poisoning occurred in 32 mink fed diets con*
tuning memt from cows which had been fed a
{•Irchlorinated biphenyl (PCB), Aroclor 1254.
Jo lire kit* were produced and all adult mink
ltd during a 105 day period of feeding a ra-
doa containing 3.57 ppm of PCB. At a lercl of
iU ppm of PCB in ration one of 12 mink pro-
feced three kits, all of which died during the
frit day after birth. Clinical signs were lint-
tod to weight loss and passage of black tarry
tees. The gross lesions seen were yellowish
bcoloration of the liver and hemorrhage into

abdominal cavity or gastrointestinal tract.
Geroscopic lesions were nephrosis, fatty de-
jimeration and necrosis of the liver, brain
a]« ma, disseminated intrarascular coagulation,
ad fibrosis of coronary arteries. It is con-
dtded that mink are highly sensitive to small
pantities of PCB fed for an extended period
rftime.

a empoisonne 32 visons en leur servant
ration qui contenait de la viande de vaches

xquelles on avait donne un diphenrle poly-
Uore (PCB), 1'Aroclor 1234. On n'obtint au-

ttn petit et tous les visons adultes moururent
H cours d'une periode de 105 jours durant la-
EluUe on leur servit une ration contenant 3.57

de PCB. A la concentration dt 0.64 ppm

•rtnttiu af Biawadlcal _
k. GtMlpk. Oataria,

i papar waa pmantad la part at tha Fifteenth Annaal
•C af lha Canadian F«daratla» of Blalairlcal Sa-

Qa«b*e. Qvabac. Juna 1)72.

maarch waa financially sapparUd b» tha Canada
Brwdtn' Aaaactatien and tha Ontaria MinUtry •(
•Itar* and Faad.

«. 1173.

de PCB dans la ration, une femelle, sur un to-
tal de 12, nut has trois petits qui moururent en
moins de 24 heures apres leur naissance. Les
signes cliniques •« traduisirent par une perte
de poids et le passage de feces d*apparence
goudronnee. Les lesions macroscopiques con-
sistaient en une decoloration jmnitre da foie
et en des hemorragies intra-abdominales oa
gastro-intestinsles. Les lesions microscopiques
etaient les suivants: nephrose. degenerescenee
graisseuse et necrose hepatiques, oedeme cere-
bral, coagulation intra-vasculaire disseminee et
fibrose des arteres coronaires.

Les auteurs en riennent a la conclusion que
le rison est tres vulnerable a I'ingestion pro-
Ion je* de petites quantttes de PCB.

INTRODUCTION

Polychlorinated biphenyl (PCB) com-
pounds are now recognized as widespread
environmental contaminants of aquatic or
terrestrial ecosystems. Since fish and vari-
ous byproducts made from domestic animals
are generally included in the diet of ranch-
raised mink, it seemed to be important to
know the effects of PCB compounds on
mink, when included in the diet for an ex*
tended period of time.

MATERIALS AND METHODS

Thirty-two ranch mink approximately
one year old were divided into two groups
with four standard dark males, four pastel
females, and eight standard dark females in
each group. Each group of 16 mink was fed
a separate ration. Radons were prepared
from two Jersey cows which had been given
orally ten consecutive daily coses of 1 and
10 mpn per kgra, respectively of a PCB,

i. M«4- I?1- 37 — October, 1973 391



namely Aroclor 12541, disaoived in a small
amount of olive oil and mixed with dairy
concentrate. Twenty-four hours after the
last doses were given, the esws were killed;
fat, musculature, liver and kidneys were
removed, thoroughly ground and mixed with
commercial mink food cereal at a level of
24 Tc cereal. The resulting rations contained
0.64 ppm and 3.57 ppm of total PCB, re-
spectively.

The cows did not have any clinical, gross
or histopathological signs of intoxication.
If these animals had been slaughtered at an
inspected meat plant, they would without
doubt have passed as fit for human con-
sumption.

Feeding ad libitum was begun two months
before the breeding season, i.e. on January
7 and continued until June 17, 1971 (160
days).

Beginning in early March the 12 females
in each test diet group were presented daily
for breeding to one of the four males in the
group, until the female was found to be re-
ceptive and mating took place. The semen of
each male, collected by vaginal aspiration
from a just-bred female, was examined mi-
croscopically for motile sperm.

The remaining 101 breeding female mink
plus males and mink designated for other
experiments in the institutional herd from
which the test mink were taken were main-
tained on a commercial mixed ration, pur-
chased locally. They were managed during
the breeding and whelping seasons just as
were the experimental PCB-fed animals.
For practical purposes, they were regarded
as no-treatment controls. During the course
of the PCB experiments 50 to 60 mink from
this herd were removed for aleutian disease
research, either killed at once for tissue
cultures or maintained on other premises
for infection experiments.

All of these mink were examined for
gross and histopathological lesions.

Necropsies were performed on experi-
mental mink which died and those which
were killed after PCB feeding was discon-
tinued. Blood from the heart and samples
of tissues from the major body organs and
psoas muscle were taken for PCB analysis.
Portions of brain, lungs, heart, spleen, li-
ver, kidney, intestine, adrenal and reproduc-
tive organs were fixed in 10% formalin,
processed for histology by paraffin embed-

TABLE I. Lesions Seen in Mink F«d PCB

'Aroclor 12S4 (mixtar* «f
int S4<~< chlorin*) wu «<
Canada Ltd.. Tor»nt». Owlar*

392

e«nU»-

PCB fppm)
No of mink
Sex
No of deaths
Mean survival

(days)
Gross Lesions
Weight loss
Hemorrhages
Yellow liver

3.5"
12
F

12/12

74

8/12
9/12
6/12

3.57
4

M
4 4

96

2/4
3/4
2/4

0.64
12

z/i
r>4
0/12
0/12
1/12

0.64
4

M
0/4

160*

0/4
0/4
0/4

Microscopic Lesions
Nephrosis 5/12 1 /4
Liver necrosis 2/12 2/4
Disseminated intra-

vascular coagu-
lation 2/12 04

Brain edema 3/12 0 4
Coronary arterio-

sderosis _____0/12 1 -:
•All mink in this group survived 10 i:*ic end of the
feeding period. 160 days

ding and sectioned at approximately 6 mi-
crons. Hematoxylin-eosin stain was used
routinely. Where necessary for study ctf le-
sions of blood vessels, selected tissue sec-
tions were stained by the allochrome proce-
dure f o > .

The PCB were extracted from various
tissues as well as from samples of rations
by the method of Grant et ctl ^ ::..i subse-
quently analyzed by the methc- •;: Saschen-
brecker and Ecobichon (12) using a Micro-
Teck, Model MT-2201, gas chromatograph.
equipped with a MNi high temperature elec-
tron capture detector. The quantitation of
the PCB was performed by measuring total
peak area as the detector response, using an
Infotronics. Model 208*, automatic digital
integrator equipped with a baseline track-
ing and drift corrector. The PCB were
separated from DDT and its analogs by the
method described by Armour and Burke

RESULTS

REPRODUCTION
Fifteen of the 24 females were bred nor-

mally. Of the remaining nine, five on we.
higher PCB diet which were not bred, <"*»

sTrsror In*., Auvtulin, TCXM. V.~

Mnfetronin Ltd., Slunn*ii. Irclan*..

.jpers were

f5
•7 of life.

f.~ Q

mJr£.

<^
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./.her before or dur ing :he breeding pe»
•iod. Two of the four on the low ?CB diet

; '.;ed during1 May. In sll other cases, fai lure
-j breed was caused either by the female
•/ecting the male or because the female
rai t^o \veak to participate.

A.I males produced motile sperm, yet r.o
~»rs were produced by the females fed

'is ra t ion containing 3.57 ppm of PCS ana
..-.'•y i>ne of the females fed 0.6-i ppm PCB
-rvuuced a litter. Three kits were born to
.-.is female but they died during their firs;
:i of life.

';L;.N:CAL SIGNS AND MORTALITY
i
! The first mink to die was an adui: fernaie
':ed the ration with the higher '.eve! PCS
Irhich was dead on day 43 of the e.xperi-
'r-nr. Deaths occurred sporadically there-
; uter. All of the mink fed the 3.57 ppm PCS
:-:ion were dead by cay 105. Two of the

ik fed 0.64 ppm PC3 died on days 122
120. respectively. The feeding of this

, 1. Lun* of a female standard dark mink which died
lenlx with disseminated thrombosis on day 129 of

ppm PCB feedinc. Note the vein ««<uluded by a
• platelet thrombus. H 4 E. X«.

Fir. 2. Lettons limilar to those of Fir. 2 in *-ht eoronar?-
arter* of a «t*naard darn male mink killed br ether in-
haiatton after :« dayi Of o.6i ppm PCB feestnc. Allo-
ehrome. X5SQ.

ration was terminated on the IGOtn day. at
which tirr.2 four of the surviving mink.
three males and one female, were killed wi:h
an overdose ::" ether so that specimens could
be taken ::r PCB analysis and histDpathc-
logy. From day 161 to day 277 the surviving
mink which had been fed the 0.64 ppm PCB
ration were fed the regular commercial ra-
tion which -vas fed to the no-treatrr.ent con-
trols. Three female and one male mink were
killed for examination on each of days 40
and 32 aftar the cessation of PCB feeding.
The remaining r.vo female mink were killed
on day 277.

At both treatment levels, males survived
longer than females. There was £ marked
difference in survival between treatment
levels (Tacls I).

Clinical s:»ns were either absent :r non-
specific. A :*5w rr.ink died suddenly while
they were still in good flesh, but many of
the mink became emaciated on the PCB
diets; they had poor appetites and :n some
casts became lethargic and very waak be-
fore they c:=l Some passed tarry :>:es. in-
dicating gzstrointestinal hernorrhsge.

*. Coronary irttrr «f tht mink described in Fir. 1.
of th* smooth moid* of the media has H««n rt-

1 br fibrous connective ti*iwe. Allocnrome. X-S3,

The gr^si lesions seer, at necr;;=y were
emaciation, blood in tha ffasti-ir.tastir.al
tract or in:ra-abconir.al hemorrhage, and
yellowish d:s;oio-ratior. of the livers. These
changes were no: consistent in all cases.
Their frequencies are given in Table I.
Hemorrhages seemed to be mor» often
chronic ruther than massive and r.cuia. It
was not r.c££ibU to relate the blccr. present
in the ac-dirr.ir.al cavity to lesicr.s in the
blood vessels or visceral organ?. Bleeding

v:l. 37 — October, 1973 393



41i.

e

S*
•"S
•Hei

e e«

S3c±
31
Si
si
,tA

— C

e
"3

s
2

e

§«i
£ S

jisf

N W >r t» S p
r*^ d o o o o
-H -H -H -H -H -H
— O 04 Q m "*n S — 55 N —

S M — n Oi c— in •» — p
o o o o o o
-H -H -H -H -H -H

en o o O o O

p aa o trt jfl <sg — -* p —
— o" o o o o
-H -H -H -H -H -H
CJ C M £j ^ Q

^ ^ Z: d — —

^r o O O O O
•H -fl -H -H -H -H

C4 O ^> N (fi ffi— W ̂  " * X

^ — ifl o « —PJ p ^ w -^ e>
en o O O o O
•H -H -H -H -H -H

CJ tO O
(A « W

•v d — d
8 rt

M
d o

•* p
— d

N «3 Q feO O p p
d o' o o

-H -H -H -H -H -H
P ^ N O ^f g

O —

in p <0
n o d

o to to
d d d

s
J«

ii

SJ!

seemed to have occurred by diapedesis. Si.
milarly, the blood which waa present in th.
gastrointestinal tracts of eight of the jg
mink which died was not traceable to ulcers
or other gross lesions. Usually th? blood wis
partially digested.

Slight splenic enlargement was found in
about half the dead mink. Hydropericar-
dium and hydroperitoneuzn, seen in birds
poisoned with PCB, were never found.

MICROSCOPIC LESIONS
The most frequently observed microscopic

lesions are listed in Table I, with their fre-
quencies of occurrence. Some degree of ne-
phrosis was noted in about half of the mink
which died. This consisted of vacuolar de-
generative changes in tubulrv epithelial
cells, flattening of the epithelium in some of
the convoluted tubules, and dilatation of lu-
mens containing fibrin casts. Foamy or
flocculent eosinophilic exudates were some-
times present in Bowman's capsules.

Minimal to moderate focal liver necrosis
was seen in four mink on the high PCB
diet The yellow color seen on gross inspec-
tion was due to the presence of large fat
vacuoles in many hepatic cells. Brain edema,
characterized by mild or moderate spongio-
sis and diffusely distributed, was seen in
three of the dead mink.

Disseminated intravascula.' -:agulation
was a prominent lesion in three mink. These
animals appeared to have died of extensive
disseminated thrombosis followed by multi-
ple hemorrhages in organs such as the lung
(Fig. 1), and brain and either hemorrhage
or irregular pooling of blood in sinusoids
of the spleen and liver. Some of the spleens
had populations of megakaryocytes which
seemed to be greater than normal.

Fibrosis of the media of coronary arteries
(Figs. 2 and 3) was a lesion which appa-
rently developed late in the course of the
experiment. It was found ir ~ 3 standard
dark mink which died on days 105 and 129
of PCB feeding and in another which was
killed for examination on day 160. The mink
which died on day 105 was on the high level
PCB diet; the other two were on the lower
level diet Healing and recent infarcts were
present in the left ventricular myocardium
of the mink which died on day 105.

No lesions were noted in the mal« •»
female reproductive organs. Many
females had uterine hypertrophy, «
of recent pregnancy, and th* female min*
which died during late Mar:i "i Apr" »»

"
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corpora leucea present, in various de-
of regression. Ovarian follicles seemed

be present :n adequate nu—.bers durir.j
lie breeding- period, although many of :he
•(jllicies were undergoing regressive changes
=fl mink \vhich died. Females which died be-
fore or at the beginning of the breeding pe-
riod had quiescent uter: '.vhich '-vere juvenile

; ji appearance. Male mink which died dur-
' ;3g March and April had histologicai evi-

dence of spermatogenesis. These which died
Or were killed later had testicuiar changes
typical of post-breeding regression.
' No lesions were observed in :he adrenal
jiands.

[TISSUE DISTRIBUTION OF PC3
j The concentrations of PC3 in various
! tissues of principal and control mini: are
J jiven in Table II.
! In the group of mink fed the hisjher level
jf PCS, the concentrations o: these com-
pounds were lowest in the blood and highest

f-n the liver. In the same group, the PCB
"centrationa in the brain were relatively
,h. especially when one considers that

• thty were higher than in the skeletal muscle.
•;rhe concentrations of PCB in kidneys were
higher than in the brain, but lower than in

•the hearts and livers.
! In mink fed the ration containing 0.64
j?pm of PCB. the PCB concentrations in
t tissues were similar in all organs analyzed.
incept in blood, where the 'owest levels
JTere detected. Similarly, in mink fed the
jttmmercial control ration, the PCB concer.-
tntions were nearly identical in the anal-
yzed tissues, except in blood.

The resolution by gas-chromatography of
Aroclor 1254 standard as well as extracts of
nrious feed or tissue samples (under the

'operating conditions used in the prssciit
resulted in up to 18 distinct peaka.

*ure 4 depicts the chromatojraphic trac-
„ of tissue extracts from n-.ink fed the

jation containing 3.57 ppm PCB as wei! as
.ie tracing of a standard Aroclor 1254.
•N'ote the decrease of early emerging peaks
j'-f tissue extracts, disappearance of peak S
<tnd increase o: late emerging peaks.
1 The data depicted in Fig. 5 and Fig. 6
:!how the ratios between the rr.san percent-
'.»?ss of peaks from each tissue extract of
jiToups given 3.57 ppm and 0.-54 ppm PCB
;"-o the percentages c: the corresponding
:--iak of the standard Aroclor 1254. The base
i"'ne in each case is unity. The zero value

sr:~ •»tion

C-

.'- •-— Liv«r

. Srair,

Blane

Fir. *• i ti«tw««n tht m**n ?*rctntart» of eh rum i-
i«s of v»no«» tusut c .\tr>cu if th« iroua

ztvtn r»t;or. ;ontaininr t.H ?pm PCB. la '•** pcrttnt*
»;t of uSt um« pwk in th* Aroclor 1234 »nnd«rd.

values cet'-veen unity anc zero :r.
percentare decrease of the peak:
higher thin, unity indicate the in
percer.taj* above the value of the

The ?5r:entage reductions of
eight peiks and the percentage :r.
the Subseruent peaks in these tv
are evidtr.:. The first eight err.er;
wars sigr.ificantly reduced in d
except :r. :!ocd, where tha rsduct:
always £:;r.:ficar.t. The second 5
were al'-vays significant';.- Lr.cre
porticr.aliy to the Arcc'.cr 1254
These chir.jes were n".ost pronour.
liver ani !east so :n the blood. ?
reduced " zero in s.'.'. tissues,
blcoc: r:eik 7 was the next mc=
rec«ced. In peaks err.er?ir.~ aft-
the "rcr-trticnal tercsntire ir.t

tlv rs^te tj tr.* !••>_*

ncate tr.e
the values
ceases in
standard.
the first

:reases in
•o f igures
r i n g peaks
'.'. tissues,
r. was not
rht peaks
ased pro-
standard.
:*d in the
eak 3 was
except in

t strong;"
•;• peak 5.

indicates the disappearance of the peak: the
neany
i.e. ne

:er.::or
thtr. oeak 9.
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lowtr ii»nr.. fivtn (or »
ivtr of th« C«uo of mi"

ftl. Tfc.
ratio, of th«

PCB.'*•••

This 'eidencv was not observed in olood. On
ail chroniato'gram. a substantial percent-
az» increase was noted in peaks 1* and IS-
These two peaks are below O.lfc m the
Arccior 1254 mixture.

F-V-re 7 shows the ratios expressed si-
nvla'v to Fig. 5 and r iff- 6 but five the ra-
tios for both PCB rations fed ana for com-
parison the values of livers of the group fed
3.57 ppm.

REPRODUCTION AND HEALTH OF CONTROL
MINX

rfour

T-» 10i mink which received the commer-
cial' ration and which were regarded as
no.tr.atm.nt controls. P"*
average of 1.31 kits per *«» .
factory production is considered .
ki^s ser female) . . ,

When the commercial ration was analyzed
the following results were obtained. The
data represent means of six sampies taxen
at intervals during the experiment.

Percent fat — 3.2
pi/ — DDE — 0.012 ppm
pp' — DDD — 0.010 ppm
oV — DDT — 0.004 ppm
*) p' — DDT — 0.008 ppm
' Total DDT — 0.033 ppm

D-ldrin — 0.006 p?m
t>C3 ....— 0.30 ppm

Xo* ou-break of infectious disease was
d?^-o«ed in the herd during th«. experi-
ment. Lesions si-ilar to those of tne pr.s-
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cipal PCS fed groups were not found in the
several dozer, control mink killed for tissue
culture purposes and used in aieutian dis-
ease research.

DISCUSSION

From the impaired reproduction ar,d
mortality observed, and the tissue concen-
trations of PCB found, it can be concluded
that the mink were very susceptible to the
effects of PCB compounds as dietary con-
taminants. The clinical and gross and mi-
croscopic tissue abnormalities were rither
nonspecific, so that diagnosis in •:: ::s of
naturally cccurring PCB poisoning would
be very difficult. Reproductive failure.
weight loss and tarry droppings could
suggest either starvation or aieutian dis-
ease, a common disease of mink. The PCB-'
fed mink may have been on an inadequate
nutritional plane, but if so. it was not be-
cause the diet lacked essential nutrients
but rather that the mink lost appetite and
did not eat enough of the feed that was
put before them. Aleutian disease would
be ruled out on histopathology, however,
since the severe hepatitis and nT;'":::is of
aieutian disease, marked by p:c;ii*;rat:on
of plasma ceils, was not seen in the PC3-
poisoned mink.

The occurrence of liver damage in mink
which also developed hemorrhagic tenden-
cies suggests a breakdown in hemostasis
in which prothrombin deficiency may be a
causative factor. Blood coagulation studies
should be made in future research on PCB
poisoning in mink. Splenic enlargement
and increased numbers of megakaryocytea
in the spleen may represent compensatory
responses in attempts to ir.a:r*"in heny>-
stasis. The cause of the disi:.t..~ated in-
travascular coagulation seen in the tnres
mink is unknown. Hormonal effects J>i
PCB may have been responsible for trie
reproductive failure. The presence of ^cpr-
pora lutea in the ovaries of the mink wnicn
died during or immediately after the nor-
mal gestation period indicates that °vub~
tion did cccur but that gestation did no:
continue :o term. . . „

Fatty degeneration of the liver ana live-
necrosis has been described in otser spe-
cies trea:ed with PCB ccmocynca. u
generative kidney lesions s.s: -~";e
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ibed tn other species by some work*
Platonow et al (9) have described pe-

%rascular hemorrhages around coronary
JJteries in the hearts of chickens fed Aro-
i§or. The coronary arterial lesions seen in
Wee of the mink in these experiments are
•^explained but thought to be related to the
pCB feeding, since lesions of this type have
£ot been seen by the authors previously.
their appearance in two of three mink
Jhich died between days 105 and 129 of
pCB feeding and in one of four mink killed
on day 160 may mean that lesions in these
Jital arteries develop as a late response to
iw-level PCB ingestion. This should be in*
feti gated further in mink and also in
Jthcr species.
{The poor reproduction in the no-treat-
nent controls may be referable to the low
J0.3 ppm) but significant amounts of PCB
{bund in the control commercial ration. The
Jntrols, therefore, actually were an un-
banned lower PCB treatment group of
Slink. Lesions referable to the PCB con-
lent of the control ration were not seen in
lit mink from this herd which were used

research on aleutian disease during
course of these PCB experiments. The
concentrations of dieldrin as well as

)DT and its analogs and metabolites in the
pntrol ration are for all practical purposes

no lexicological significance.
t has been suggested that PCB affect

enzyme systems that metabolize several
MX hormones, which ultimately leads to
reproductive failure. Thus, Risebrough et
it (11) reported that the FCB induce the
fetivity of hydroxylating enzyme which
utabolizes estradiol. The estrogenic acti-
nty of various PCB mixtures upon the rat
rterus was described by Bitman and Cecil
*:). Platonow and Funnel (7, 8) reported
it chronic feeding of PCB in cockerels

iesulted in anti-androgenic effects, as
nessed by decreased development of tes-
xles and comb. These signs appeared as
irly as one week after the start of con-
buous feeding of a PCB-contaminated
let.
fit was recently demonstrated by No-
Jcki and Norman (6) that the post-mito-
wmdrial hepatic fraction (microsomes +

osol) from PCB-treated cockerels and
Ijflets metabolized testosterone, eatradion-

and 4-androstene-3, 17-dione at in-
ted rates. The metabolic rates of these

iee natural steroid hormones were in-
led approximately three-fold over

jtreated birds. Platonow, Liptrap and

141.37 —October, 1973

Geisainger (8) reported on the effect of
oral administration of PCB (Arocior
1254) in the adult boar. The doses of PCB
were such that no gross or histological le-
sions could be seen. However, the presence
of significant biochemical alterations were
recorded. These changes consisted in dras-
tic reduction of urinary levels of two gona-
dal hormones: dehydroepiandrosterone and
estrogen, indicating that PCB have a de-
leterious effect upon reproductive activity.
The primary site of o,p'-DDD inhibition of
ACTH-induced steroidogenesis in the adre-
nal cortex appears to be on the ACTH-
regulated intramitochondrial conversion of
cholesterol to pregnenolone (4). Since the

' chemical formulae of PCB's are similar to
that of DDT, it is possible that the hor-
monal disturbances due to PCB are located
at the same site. At least this is a prob-
able site of PCB effect in the boar, be-
cause pregnenolone is a precursor of de-
hydroepiandrosterone in steroidogenesis.

In comparison to domestic animals (8,
9, 10, 13) mink seem to extensively meta-
bolize the PCB, Arocior 1254 used in this
experiment. The changes occurring on the
chromatograms of various tissue extracts
indicated significant reduction of the first
eight peaks, with simultaneous increases
of the peaks emerging thereafter. The
order of appearance of peaks on the PCB
cnromatogram is related to the extent of
chlorination of biphenyls. Thus, mono-
chlorbiphenyls appear before dichlorobi-
phenyls, trichiorobiphenyls before tetra-
chlorobiophenyls, etc., and decachloro-
biphenyl (the completely chlorinated
biphenyl) emerges as the last peak. The
reduction of peaks of lower retention in-
dicates that mink can metabolize PCB of
lower chlorination numbers. Since this re-
duction in faster emerging peaks is much
less pronounced in the cow (13), pig (10),
or chicken (8), one might suggest that the
extent of PCB metabolism is related to the
extent of susceptibility to the toxic nf'eet
of PCB. Mink appear to be more susceptible
to PCB than the domestic animals studied.
However, further studies are required to
confirm or reject the above hypothesis.
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