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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 citeable 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 Canneiton 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., C.C. 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).
=m= —_— L ———
Species ' Scat % Insoluble Ash | Estimated Estimated %
‘ samples’ | Mean/(Range) Digest. % ot | soil in diet
diet
Semipalmated 1 56 o 70 30
sandpiper '
Western sandpiper 1 42 70 18
Sttt sandpiper 1 40 70 17
Raccoon 4 28 (13-50) 70 : 8.4
Woodcock 7 22 (6.340) 60 9.1
Canada goose 23 12 . (3.9-38) 25 g2 . .= |
Least sandpiper 1 24 70 73
Box turtle 8 18  (3.6-49) 70 . 45
Fox 7 14  (4.8-25) 70 2.8
Meadow vale 7 8.9 (4.2-14) 55 24
White-focted mouse 9 8.5 (5.7-11) 65 ‘ <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 siz.e 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

! 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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TABLE 7

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, &
1850 m stream length, ? (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

Body weight:

Ingestion rate:

Diet:

Home range:

Soil ingestion rate:

Water ingestion rate:

BLACKBIRD (Agelaius phoeniceus)

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 m? (Nero 1956)
689 m? in marshes, 2188 m® in upland areas (Case and Hewitt 1963)
0&

9 ml/day, male
7 ml/day, female®

* Ingestion rate cited for European blackbird, Turdus merula

* Assumed to be negligible based on feeding habits

¢ Calculated using allometric equation derived by Calder and Braun (1983)



Lethal and sublethal effects of dietary PCBs to mink

0.64 mg/kg
0.096 mg/kg/day'

Exposure

Effect

e —

Reference

16 weeks; Arochlor
1254 mixed in food

Reproductive failure

Platonow and Karstad 1973

2.0 mg/kg
0.3 mg/kg/day’

4 months; fed diets
containing Great Lakes
salmon

Nearly complete reproductive failure

Aulerich and Ringer 1977

5.0 mg/kg
0.75 mg/kg/day’

16 weeks; Arochlor
1254 mixed in food

Loss of offspring

Ringer 1983

5.0 mg/kg

8 months; Arochlor

Complete reproductive failure

Bleavins et al. 1980

food

0.75 mg/kg/day’ 1242 mixed in food
Mink 20 mg/kg 8 months; Arochlor Reduction in kit growth, higher kit Bleavins er al. 1980
3 mg/kg/day’ 1016 mixed in food mortality
Mink 31.5 mg/kg 35 days; Arochlor 1254 | LC,, Aulerich ef al. 1986
4.7 mg/kg/day' fed to rabbits, rabbits
fed to mink
35 days; 1254 mixed in | LCy, Aulerich et al. 1986

|
J ,

! Exposure in mg/kg/day calculated based on an average adult bodyweight of 1 kg and ingestion rate of 0.15 kg/day (Bleavins ef al. 1980)
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Below is'tﬁe infofmation found fof the iiterature'searehrbh 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

blrth.

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

populations may increase.

Population Density. Mink populations vary widely depending upon
habitat gquality, den site avallablllty, geographic location and
trapping pressures. The following is a summary of mink population
densities based upon trapping records and mark and recapturs

studies:

Roy E Weston, Inc.
MA]OR PROGRAMS DIVISION
In Associadon with Foster Wheeler Enviresponse, Inc., Resource Applications, Inc., C.C. Johnson Mﬂhou-a, PC,

and R.E. Sarriera Assoczates




Mink Populations per 10 ha (24 acres)

e A T I AT et

“gabitat Type | ” Author
2.5 - 4.0 cypress—tupelo | st. Amant (1959)
n 1.0° southern-Louisiana swamp "
" 0.4 = 0.2° . | "better drained bottom | "
L lands" s
0.4 Louisiana brackish marsh . "
.4 Fresh-water marsh Palmisano (1971)
0.8" ‘| Montana river in 1957 Mitchell (1961)
0.3" | 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. puring the 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 ceason. -Using telemetry data, Gerell  (1970)
calculated home ranges for adult mink along a stream. He found
adult male mink have home .ranges averagipg 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"§tream length, but varied
from 1,000 to 2,800 meters. For both sexes juvenile home ranges
were significantly less. Mitchell (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 hearly complete reproductive failure,
while 3.57 ppm dietary PCB was Jethal to adult mink. Bleavins et
al. (1980) found jn a 247 day study mink fed concentrations as low
as 20 ppm Aroclor 1242 exhibited 100§ mortality.
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ABSTRACT

I A TR QU A B VLS TR DS Y

1Po|sonmg occurred in 32 mink fed diets con-
taining meat from cows which had been fed a
plychlonnated biphenyl (PCB), Aroclor 1254.
Yo live kits were produced and all adult mink
‘.d during a 105 day period of -feeding a ra-
gon containing 3.57 ppm of PCB. At a level of
i5i ppm of PCB in ration one of 12 mink pro-
isced three Kkits, all of which died during the
first day after birth. Clinical signs were lim-~
i-d to weight loss and passage of black tarry
feces. The gross lesions seen were yellowish
fiscoloration of the liver and hemorrhage into
da sbdominal cavity or gastrointestinal tract.
\Geroscopic lesions were nephrosis, fatty de-
fneration and necrosis of the liver, brain
Wima, disseminated intravascular coagulation,
nd fibrosis of coronary arteries. It is con-
deded that mink are highly sensitive to small
mantities of PCB fed for an extended period
i time.

RESUME

o B e tRpHA MY

On. a empoisonné 32 visons en leur servant
ration qui contenait de la viande de vaches
ixquelles on avait donné un diphényle poly-
loré (PCB), I'Aroclor 1234. On n'obtint au-
'n petit et tous les visons adultes moururent
2 cours d’une période de 105 jours durant la-
nelle on leur servit une ration contenant 3.37
yn de PCB. A Iz concentration de 0.61 ppm

-

“

¥
rtments of Bismedicesl Sciences
hluuatr of Guelph, Guelph, Ontaris.

unr was pnnnhd In part at the Fiftzenth Annual
g of the Canadian Federation of Bielogiczl Se-
ante. Quibee, June 1972,

resesrch was financially supperted by the Canada
Bresders’ Aasocistion and the Ontarie Ministry of
Iture and Feod,

Sbmitted August 8, 1972,
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Dietary Effects of Polychlorinated Biphenyls
on Mink

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

‘de PCB dans la ration, une femelle, sur un to-
tal de 12, mit bas trois petits qui mourarent en
moins de 2¢ heures aprés lear naissance. Les
signes cliniques se traduisirent par une perte
de poids et le passage de féices d'apparence
goadronnée. Les lésions macroscopiques con-
sistaient en une décoloration jaunitre du foie
et en des hémorragies intra-abdominales ou
gastro-intestinales. Les lésions microscopiques
étaient les suivants: néphrose. dégénérescence
graisseuse et nécrose hépatiques, oedéme céré-
bral, eoagulation intra-vasculaire disséminée et
fibrose des artéres coronaires.

Les auteurs en viennent i la conclusion que
le vison est trés vulnérable i l'ingestion pro-
longée de petites quantités 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 biproducts 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 pericd 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 cark females in
each group. Each group of 15 mink was fed
a separate ration. Ratons were prepared
from two Jersey cows which had been given
orallv ten consecutive daily doses of 1 and
10 mgm per kgm, respectivaiy of a PCB,
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namely Aroclor 12534!, dissoived in a small
amount of olive oil and mixed with dairy
concentrate. Twenty-four bours after the
last doses were given, the cows were killed;
fat, musculature, liver and kidneys were
removed, thoroughly ground and mixed with
commercial mink food cereal at a level of
24¢. 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
davs).

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 piace. 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 irom
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 sleutian 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-

tAroclor 1284 (mixture of chlorinated biohenyis contain-
ing 347 chlarine) was generously supplied by Monsants
Canads Litd.. Toremts, Omtatis.
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TABLE I. Lesions Seen in Mink Feed PCB Wiher befor:
ffod. Two of
PCB /ppm) 357 337 284 =ed during :
No of mink 12 4 17 ’ 5 breed \fa-'
SC! F .\! '-. iz H t’n h-
No of deaths 1212 . 22 o I§SCHnE the
Mean survival too weak
(days) ¢ 154 ;Ail malies ;
sZers were

Gross Lesions .
'i\_\!re:gh: %:‘u . . ~s ration cor
emorrhages iy one of t.

is female b-,

Microscopic Lesions

Nephrosis / / .27 of life.
Liver necrosis 22 )
Dmenm;ted intra- i
vascular coagu-

i 12 I INICAL SIG:

B la_tio:d 0.4 !
rain edema 04 : "

Coronary arterio- 0-4 I8 The first m:
sclerosis - 012 14 ) 1.4 §(3 the ratior

*All mink in this group survived :o-i.::-end
feeding period. 160 days ) of the

=ich was de
2nt. Deaths
sar. All of t2
r=0n were ¢-
ding and sectioned at approximately 6 mi- Jiak fed 0.64
crons. Hematoxylin-eosin stain was used JEd 129, respe
routinely. Where necessary for study of le- i

sions of blood vessels. selected tissue sec-

tions were stained by the allochrome proce-

dure (3). .

_The PCB were extracted from various

tissues as well as from sampies of rations

by the method of Grant et al - = :.:d subse-

quently analyzed by the meths. 5. Saschen-

brecker and Ecobichon (12) using a Micro-

Teck, Model MT-220%, gas chromatograph.

equipped with a “Ni high temperature elec-

tron capture detector. The quantitation of

the PCB was performed by measuring total

peak avea as the detector response, using an

Infotronics, Model 208° automatic digital

integrator equipped with a baseline track-

ing and drift corrector. The PCB were i

separated from DDT and its analogs by the B

me:hod described by Armour and Burke BB ™

(1), ’ )

RESULTS

REPRODUCTION

Fifteen of the 24 females were bred nor :
mally. Of the remaining nine, five on the

higher PCB diet which were not bred di

i > Covenary arte
R o the amooth
3y fibreus co-

tTracor Inc.. Augustin, Texas. U575

iinfetronics Ltd.. Shannem. Irelane.

Cen. J. comp: Med- Bl 37 __ Oct:




_.m2r before or during the brseding pe-
4ad. Two of the four 2n the low PCB cdiet
:ed Zuring May. In all other cases. failure
srawd was caused aizher by tha famaie

-4
<iewting the maie or DJerause the femals
+23 O weak 0 particinate.

Al males praocduced motiie sperm. vet 29
~=ars were produced dv the fermajes J2d
ws wuzion coniaining 3.57 ppm of PCE and
one of ths Jermales fad 0.64 ppm PC3
-=oguced a litzar. Three kirs wers dorn 0
- sis femaie but they died during their first
ay of life.

TeonicaAL SIGNS AND MORTALITY

i
{ The first mink to dia was an ac:iz femaie

it¢ the ration with the higher lavel PCS

Temich was dead on dav 43 of the experi-
‘-wnr, Deaths occurrsd sporadicuilv there-

.. All of the mink Zed the 3.37 ppm PC3
i.sion were dz2ad by day 105. Two of the

1k fed 0.64 ppm PCB died on days 122
yod 129, respectively. The feeding of this

¢. 1. Lung of a femaie standard dark mink which died
i.-knly with disseminated thrombotis on day 129 of
4 ppm PCB (eeding. Note the vein occuluded by a
s platelet thrambus. H & E. Xdé3i.

- %, Coronary artery of the minik deseribed in Fiz. 1.
«7 af the smooth mascle of the medis has been re-
wei by fibrous conneclive tiysue. Allochrome. X353,

¥4, 37 — October, 1973

Fig. 3. Lesions similar to those of Fiz. I in tha coronar
artery of a stanasrd dare male mink killed 57 ¢ther in-
haistion alter 159 davy of 0.54 ppm PCB [(eezing. Allo=
cheome, X330,

ration was Tsrminaiad pn the 160:n iay, a:
which timz Jour of the surviviny mink.
tare2 males 3nd one famale, were Killzd with
an overdosa -7 erhier 50 that specimans could
te taken fo- PCE anaivsis and hiz:iag
logy. From fay 162 o day 277 the zusviving
mink whick zad tesn f2d the 0.64 prm PCE
razion wers Tad the regular commzrsi

tion wnich ~vas fed 10 the no-trea:

trois, Thraa 7amale and one male mink were
killad for sxamination on 2ach of Zavs 40
and 32 af*ar the cessation of PC3 fzedin
The remaizing two fzmale mink wer2 kiiled
on day 277.

At both trzatment levels. males survivesd
longer than famalas. There was z markass
difference ‘= survival berween :traatment
levels (TaZzi2 I).

Clinical sizns ware either absen: ) non-
specific. A 3w mink died suddenlr whilz2
they were ::ill in good {lash, but =any of
the mink Z2came emaciated on :2 PCE
diegs; ther =ad poor appetites and in some
cages becamsz lethargic and very weak be-
fore they ¢izi. Some passed tarry Jzzes. in-
dicazing == ¥

oinrestinal hemorrhzysa.

emaciation. >lced in tha gustrs
tract or izira-alkdominal hemorrrzza, an
veijlowish giszolorazion of the livers. Thes
cnanges wsra nol consistant in szl
Their fregusncies ars given
Hemorrhag
chronic ratiar than
was rot pessidie 1o raiaza

nowne
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- - seemed to have occcurred by diapedesiy Si.
S§8es88 3 milazly, the blood which was present in th,
I DA e gastrointestinal tracts of eight of the 13
. I . I L mink which died was not traceable to uicery B
H -~ 52288z 7§ or other gross lesions. Usually th: “lood wy, I8
= G = === & partially digested. :
S Slight splenic enlargement was found i §
H g Nz Eg @ about half the dead mink. Hydropericy,. J »
= 2l 8 S5 8 o dium and hydroperitoneum, seen in birds ! ;
2 I T " poisoned with PCB, were never found, L
= Z2 = o I 7
5 78525¢g § MICROSCOPIC LESIONS !'
3 The most frequently observed microscopic ff 18 1”7
s : lesions are listed in Table I, with their fre. §%
- 2 g2 9838 = quencies of occurrence. Some degree of ne- A8
} : x |- ¢ 6 d 68 & phrosis was noted in about half of the mink !
& Z (#0444 H & H A which died. This consisted of vacuolar de- § ui
' s - R S8 838 B8 generative Fhanzes in _tubl:lk‘.‘ _2pithelia] §§
: c o0 == -~ - & cells, flattening of the epitheliu._ in some of I
; = the convoluted tubules, and dilatation of lu- §¥
| 8 mens containing fibrin casts. Foamy or §§
: & R E R I E- R floceulent eosinophilic exudates were some J§ ,, "
= g v 9 2 0 0 < times present in Bowman’s capsules.
z 2 (4 4 4 4 H A 4 Minimal to moderate focal liver necrosis &
2 ¥ oo rxag 2 & was seen in four mink on the high PCB i
. £ R I - diet. The yellow color seen on gross inspec- ¥ Kia
= tion was due to the presence of large fat I
k: . e w o= g vacuoles in many hepatic cells. Brain edema. §
H b = T §. =2 3 characterized by mild or moderate spongio- :
i = e <@ £ 4 4 sis and diffusely distributed, was seen in i3
= |- three of the dead mink ‘
2 T IRg8gg888 A Disseminated intravascula. :z:agulation §§1s 17
e Te -9 o S 9° was a prominent lesion in three mink. These 3%
s animals sppeared to have died of extensive §
g Yz 83 B disseminated thrombosis followed by multi- B
s w [~ 8 & 8 & & S| m plehemorrhages in organs such as the lung B8
£ g |4 4 4 4 4 4 4] € (Fig. 1), and brain and either hemorrhage 3!
Sz | ¥ g = =2 x 8 | g orirregular pooling of blood in sinusoids g Bio:
4 £ S S S & S &S].g of the spleen and liver. Some of the spleens '
S _§_§ had populations of megakaryocytes whick ¥
'g'-;- EE seemed to be greater than normal . .
25 "g as Fibrosis of the media of coronary arteries i .
- T |l T =~ == ||Pw (Figs 2 and 3) was a lesion which appa- B
LY & 32 rently developed late in the ccurse of u:; 3
. 2F 42 experiment. It was found iz -~ ;_standa .
s 2§ dark mink which died on days 105 and 129 ¥
£ES |5 3|, 3§ of PCB feeding and in another which was
£ | EgE|2@ & « v = & @22 yilled for examination on day 160. The mml ;
82 | %% 5 which died on day 105 was on the high level §§ Stendurs are
g~ | Z < Se y Jower B
S5 =5 PCB diet; the other two were on the e B
3 =% level diet. Healing and recent iniarct!rd'um .
£ g ég present in the left ventricular myocardi =
2 | 552! 75 [§2  of the mink which died on day 105. 4
. 5‘35 H 333 &3 g-ﬂ & No lesions were noted in the ma { the - g 1
=£ [JEE|m @ @ ® @ @ ég €5 female reproductive organs. Many © B
w3 Ss € (¥ females had uterine hypertrophy, el"“:?nk R Chromatoqrams of tusns
st 'ag of recent pregnancy, and the feTB; il g “4nderd Areier 1330,
=3 5  which died during late Mzr:2 372 AP k1

394 Can. ). comp. Med. B8 37 _ October, 1¢
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yad corpora .eutea present. in various dee
grees of regression. Qvarian foilicles seemed
.5 be present in adequate aumbers during
.ne breeding Deriod. althougx many of the
silicies were undergeing regrassive changes
‘g mink which died., Femaies which died be-
igre or at the beginning of the dreeding pe-
:iod had quiescent uteri which were juveniia
‘-3 appearance. Male mink which died dur-
ing March and April had aistological evi-
jence of spermatogenesis. Thcse which died
o were killed later had testizular changes
irpical of posi-breeding regrassion.

No lesions were obsarved n the adrenal
giands.

TISSUE DISTRI3UTION OF PC3
~

The concen:rations of PCZ in varinus
rissues of principal and con:vel mink arz
ziven in Tatie II.

In the group of mink fed tza higher laval
o PCB, the concen:rations 97 these com-
sounds were lowest in the blood and highest
‘i the liver. In the same grsup, the PCB
" scentrations in the brain ware relativ

L. especially when one considers <haz
!shey were higner than in the siaietal muscla.
fl’he concentrazions of PCB ir xidneys wars
digher than in the brain, but iower than in
‘the hearts and livers.

' In mink fed the ration con:aining 0.64
lspm of PCB. the PCB concenrraticns in
i'issues were similar in all orzans anaivzed.
gexcepr. in blood. where the lowest ieveis

zere detected. Similarly, in mink fed tha
}:ommercial con:rol ration. the PCB concen-
1

T
I3A

rations were nearly identicai in the anal-
rzed tissues. except in blood.

The resolution by gas-chromatograpny of
‘iroclor 1254 standard as well as extracts of
sarious feed or tissue samples (under the
sperating conditions used in the prasent
tudy) resulted in up to 18 distinct peaks.

‘ure 4 depiczs the chromazographic srac-

. of tissue extracts from mink fed the
!ation containing 3.57 ppm PC3 as weil as
.de tracing of a standard Aroclor 1234.
;Jote the decrease of early emerging peaks
2 tissue extracts, disappearance of peak &
iind increase of late emerging peaks.

! The data deapicted in Fig. 3 and Fig. 6
ithow the ratios between the mean percen:-
.1%es of peaks from each tissus extrac: of
‘Toups given 3.57 pem and 0.54 ppm PCES
;d the percentages cf the corresponding
ik of the standardé Avocior 1234, The 5ass

e in each casa is unity. Tha zero vziuz

Micutes the disappearance of t22 peak: k2

+
i
s
1
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Fir. °. Ratios batween the pereeniages of chromatogra~
Dnic pesxs of ration containing $.37 ppm (upper figure)
and ration containing 9.64 ppm PCB (middle {izurs). The
jower [igure, given for comparisen. are the ratias of the
liver of the group of mink fed 1.5 ppm PC3B.

This tendency was not observed in blood. On

R Lk Lol
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—— ey T T T RTINS T Y

boE ail chromatograms a substantial percent-
CoF age increase was noted in peaks 17 and 18.
S These two peaks are below 0.1% In the

Arecior 1234 mixture.

Figure T shows the ratios expressed si-
milariy to Fig. 5 and Tig. § but give the ra-
tios “or Zoth PCB rations fed. andé for com-
parison the values of livers of the group fed
3.57 oo

R AR
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REP2CDUCTION AND HEALTH OF CONTROL
MINK

Txa 101 mink which received the commer-
cial ration and which were regarded as
no-treatment controis, produced only an
average of 1.81 kits per fernale bred (satis-
factory production is considered to be four
kits per female).

When the commercial ration was analyzed
the foilowing rvesulis were obtained. The
data represent means of six sampies taken
at intervals during the experiment.

Percent fat -— 3.2

py — DDE — 0.012 ppm

pp — DDD — 0.010 ppm

oy — DDT — 0.004 ppm

pp — DDT — 0.008 pom

Total DDT — 0.033 ppm

Dialdrin — 0.006 ppm

»CE .= 0.20 ppm
N'g ousoreak of infactious disease was
¢izgrosed in the nard during these experi-
mar-z. Lasions similar to those o the prin-

cipal PCB fad groups were net found in the
several dozen controi mink killed for tissue
culture purpcses and used in aleutian dis.
ease rasearch.

DISCUSSION

From the impaired reproduction an
mortality ocserved. and the zissue concen-
trations of PCB found, it can be conciuded
that the mizik were very susceptible to the
effects of PCB compounds as dietary con-
taminants. The clinical and gross and i-
croscopic tissue abnormalitiss were vathar
nonspecific. so that diagnosis in .13 of
naturaily cczurring PCB poisoning “would
be very d&iZficult. Reproductive Zfailure,
weight loss and arry droppings couid
suggest eithar starvazion or aleutian dis-
ease, a common disease of mink. The PCB-
fed mink mav have besn on an inadequate
nutrizional piane, but if so. it was not oe-
cause the dist lacked essential nutrients
but rather :nat the mink lost appetite and
did rot ea: snough of the feed that was
put before them. Aleutian disease would
be ruled ou: on histopathoiogy, howaver.
since the savare hepatitis and =a=uitiz of
aleutian diszase, marked oY puchzisration
of plasma ceills, was not seen in the PCB-
poiscned mink

The occurrence of liver damage in mink
which also developed hemorrhagic tenden-
cies suggesis a breakdown in hemostas:s
in which prothrombin deficizncy may be 2

causative factor. Blood coagulation studies
should be made in future research on P

poisoning in mink. Splenic enlargement
and increasad numbers of megakaryoeytes
in the splean may represent compensatory
responses it attempts to maint-in hemr
stasis. The cause of the diszc....zated in-
travascular coagulazion seen in the thres
mink is unknown. Hormonal effects Pf
PCB may have been responsible for the
reproductive failure. The presence of eor-
pora lutea in the ovaries of the mink waich
died durizg or immediately after the nor-
mal gestaticn pericd indicates that ovul”
tion did ccour but that gestation gid mot
continue 1) Term. . rpe

Fatty degeneration of the liver argd liver
nesrosis has been cescrited in other Sg:

cies trea-ad with PCB comoaunes begd
generative xidney lesions &.5: wiTe e

Can. J. comp: Med.
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fescribed in other species by some work-
Platonow et al (9) have described pe-
vascular hemorrhages around coronary
Emnea in the hearts of chickens fed Aro-
r. The coronary arterial lesions seen in
lhree of the mink in these experiments are
Pexphmed but thought to be related to the
pCB feeding, since lesions of this type have
#ot been seen by the authors previousiy.
Ihezr appearance in two of three mink
hu:h died between days 105 and 129 of
CB feeding and in one of four mink killed
%2 day 160 may mean that lesions in these
Yital arteries develop as a late response to
gw-level PCB ingestion. This should be in-
vestigated further in mink and also in
Sther species.
The poor reproduction in the no-treat-
ent controls may be referzble to the low
0.3 ppm) but significant amounts of PCB
{ound in the control commereial ration. The
ontrols, therefore, actually were an un-
glmned lower PCB treatment group of
pink. Lesions referable to the PCB con-
fsnt of the control ration were not seen in
the mink from this herd which were used
research on aleutian disease during
course of these PCB experiments. The
concentrations of dieldrin as well as
DDT and its analogs and metabolites iz the
antrol ration are for all practical purposes
no toxicological significance.
,It has been suggested that PCB affect
mzyme systems that metabolize several
u hormones, which ultimately leads to
sproductive failure. Thus, Risebrough et
3 (11) reported that the PCB induce the
u:tmty of hydroxylating enzyme which
abolizes estradiol. The estrogenic acti-
ty of various PCB mixtures upon the rat
erus was described by Bitman and Cecil
) Platonow and Funnel (7, 8) reporied
Bat chronic feeding of PCB in cockerels
ulted in anti-androgenic effects, as
ed by decreased development of tes-
ficles and comb. These signs appeared as
rly as one week after the start of con-
Fnuous feeding of a PCB-contaminated

lIt was recently demonstrated by No-
Mcki and Norman (6) that the post-mito-
ondrial hepatic fraction (microsomes <4
0sol) from PCB-treated cockerels and
Rlets metabolized testosterome, estradion-
18 and 4-androstene-3, 17-dione at in-
ftased rates. The metabolic rates of these
|,Lee paturzl steroid hormones were in-
ftased approximately three-fold over
;eated birds. Platonow, Liptrap and
ol,

37 — October, 1973

Geissinger (8) reported on the effect of
oral administration of PCB (Aroccior
1254) in the aduit bear. The doses of PCB
were such that no gross or histological le-
sions couid be seen. However, the presence
of significant biochemical alterations were
recorced. 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
cholestercl 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 pregnenclone is a precursor of de-
hydroepiandrosterone in stercidogenesis.
In comparison to domestic animals (B,
9, 10, 13) mink seem to extensively meta-
bolize the PCB, Aroclor 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
chromatogram 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 »ffect
of PC3. Mink appear to be more susceptibla
to PCB than the domestic animals studied.
However, further studies are required to
confirm or reject the above hypothesis.
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