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;' Abstract. D.tets that contamed vanous levels of supplememal Aroclor@n

1242 or Aroclor® 1016 were fed 10 mink and. ferrets to investigate thej

chronic toxicity of these PCBs in two closely related species.
g In mink, Aroclor 1242 was foid to be more toxic than wmparablc or.
- higher levels of Aroclor 1016.:The Aroclor 1242 diets caused complete

- reproductive failure at levals as low as five ppm of the diet. Aroclor 1016

" impaired reproduction less-than Aroclor 1242 Although fewet females

" whelped and the foursweek kit

. 06 outward signs of' abnormahtles beyong their smaller snzc were found in
the kits whelped and nursed by dains fed: Aroclor 1016,

Ferrets were. more resistant to the effects of either PCB’ mixture than
‘_ _were the mink,’ as noted by the lower mortality rate on the Aroclor 1242 diet -
" and the almst normal level of reproductlon on the Aroclor 1016 diet.

- Peeding Aroclor 1242 it 20 ppm resulted in’ complete. reproductive failure,

- but 'was not fatal to adult. ferrets. This. finding is. in sharp contrast to the - "

- 100% monahty of adult.mink fed the sanie lével. Although the chiorine
" content is similar in both compounds; Aroclor 1242 has a higher percentage.
" of molecules with five or more chlorines per biphenyl. 2 This difference in

" higher snbstituted bzphenyl isomer content and/or the reduced levels of-

- contaminants in the Aroélor 1016 mixture may be of major xmponance in
- evaluating the. tox!cny of thc.sc mmpounds
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As.a e, the last two numbers of the fbur-dtglt Aroclor number indicatcs the peroemagc of
hkmne in the mixnre.. One exception is Aroclor 10l6 -» PCB mixture, which contains 41%. -

hiorine und was developed 1o Teplace Aroclor 1242, The' penta-, hexa-, and heptachiorobiphenyl
ohtent of Atoclor 1016 is 10% of thal in: Aroclor 1242 (Hutzmger et al. 1974, Matthews et al.
973) Aroclor is trade name for PCBs formerly produoed by Monsanto Co St Louis. MO
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Prolonged oral consumptlon studies ot‘ various . polychlonnated blphen vls
(PCBs) have been ¢ounducted in nice (mebrough and Linder 1974), rats (Was.
sermann et al. 1973), subhuman primates (Allen and Norback 1976), Chtcks _
(Rehfeld er af. 1971), and mink (Aulerich and Ringer 1977). Of these species. -
the mink ranks among the most sensitive, pamcularly with regards to e
bryotoxicity (Aulerich er al. 1973, Aulerich and Ringer 1977). .

The purpose of this study, was to deterniine the effects of two polychlon, g
nated biphenyl mixtures (Aroclors 1242 and 1016) on growth and reproductiog

~ in mink (Mustela vison) and ferrets (Mustela putorius furo). Aroclor 1016 and

Aroclor 1242 contain similar amounts of chlorine by weight (41.3% vs, Q2%),

‘but vary ‘in their respective percerntages of biphenyls with five or more

chlorines per molecule. Aroclor 1016 has apprommately 1% of biphenyt With
more than four ‘chlorines per molecule, while Aroclor 1242 contains 9¢;
biphenyl with five or more chlorines (Goldstein e al. 1975). The Aroclor 101¢ :
mixture also contains fower levels of contaninants. such as chlorinated diben.

~ zofurans (Bowes et al. 1975) and- chlonnated chbenzodnoxms than the more -
tughly chlormated PCB nnxtures. C , ‘

Methods and Materials

‘Ouc hundred ﬁve péstel mink were randomly dlvu!ed into t‘ve treaxment groups and a contr} -
.- group. Each treatment group consisted of zwelve femdies and three males, while the contro} group
-contained twenty-four: ﬁcmeles and six; males “The mink were fed a basal diet? supplemented with

cither 0 ppm (control), S ppm, 10 ppm, 20 ppm, or 40 ppm Aroclor 1242, or 20.ppm Aroclor 1016, -

Forty-five ferrets were randomly assigned to three groups each cuntammg twelve females and three
males. The ferrets were fed the basal unsupplcmcﬂted diet (control), 20 ppm Aroclor 1242, oy 20;

‘ppm. Aroclor 1016, Diets were prepared by dxssolvmg thc desired quantity of PCB in acetdoe and
- mixing the solution with gnmnd commercml ‘mink cereal. The acetone was then evaporated off and o
" the cereal-compaund premix- mixed with! thc o(her dletary ingredients to’ producc a diet tha: con-.

tained the desired amount of PCB. A .
The mink were vaccinated as kits agamst canine dlstomper botuhsm, and virus cntenus Theg

.. ferrets were immaunized awnst canine: dlstemper

. The .experimenit was started November J, 1977 and ‘was. contmucd throukh July 5, 1978,
Routme ranch procedures were followed in the féedmg, ca:e and, breedmg of a} animals. Females '
were mated to males within their respective dictary grotips, The female. forrets were mated begin--

. ning with their firsteyclé in April. Any females that recyclcd were remsted up'to three times. The. -

female mink were mated in March. Each femn]e mink was given an opportunity to remate either the
day after the original mating or eight days later. All matmss were verified by the presence-of motite

© spermatozon in a vaginal smcar taken after copulation, The mated females were checked daﬂy for.

young during the whelpmg petiod. Kits were: counwd and welgbcd on the day of bnnh and at four ‘

" weeks of age.

Treatmem dlffercnces wew dezected by unpmred t‘ﬁtest t'or the: ditferencc between wo:

: Results

" Aroclor 1242 produced 100% momhty in all adult mink that were fed dxets at.
. the 20 ppm and 40 ppm levels ('1' able 1). At 10 ppm, a mortahty rate of 66 7‘721

. %The basal dnet consastcd of 27% whole chnclccn, 23% commcmal mmk ccreal 17% ocean fi sh‘?
7 scrap mix, 9% beeftripe,- 8% cooked eggs 5% beef liver, 5% beef trimmings, S% beef lungs, and 15
powdcfed milk ‘ _
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:bl: 1 Mnmluty of adult mink and terrets a.nd sumval ume ocf mlnk fed Amclor 1242 that dmd
tnng a 247-day smdy S

‘ Mortallty T ";Monalny . Survival time of mink that -

‘ : mall:: T g ﬁmnle; ‘ ;» dlm‘l (days - SE)
sary | © No.died)- " - No. died/ - o o
stment "~ Mo.towl % - No.total % ' Males Females
aki A A L 15192
pPMPCB . 06 - 0.0 5324 .28 — 0 (38-102)
ppm Aroclor 1242 .- O3 © T 00 W2 L &30 i T s
PPin.Arocior 1242 . 23 © 667 812 1 667 156 =253 171266
e Sl T T (123-189) . (142-190)
ppm Aroclor 1242 33 . 100,00 1212 - 100.0 170 :14.1 153 = 5.8
T L T (4T=192) - (133-190)
ppm Aroclor 1242 . 33 1000 2127 100.0° 120 =12.0 . 12253
L o , C o T (96-132) - (89-138)
ppmAmc!ormm o380 32 88— 92149

‘ S T o (86—102)
rret.;' . . oo
ppin PCB. o3 00 02 i 00 — —
PPm Arocior 1242 03 0.0 ‘012 SR | SR -
Ppm ‘Aroclor 1016 . O/3 08 YR . B3 — —
‘ange in days . - '

lmech pmentauon. fomale died due o comphcmons .

cumd in males and femazes. wh:le the 5 PP duet wag’ letha] only to ‘one ;
nale. No mortality was noted in male mink fed the control, $ ppm Aroclor .

42 or 20 ppm Arocior: 1016 diets. ‘Female mink fed the 20 ppm Aroclor 1016

1t showed a greater number of deaths than the cantrol animals (25% vs. 12.5%),
t.a much lower mortality than' those: fed the same level (20 ppm) of Aroclor

42.(25% vs. 100%) As shown:in Table 1, the mean survival time of mink fed
oclor 1242 was, in general, inversely relatéd 1o the jevel of dleml'y PCB.

" All mink that died durmg the study were nccropswd and observed for gross
normalities. Necropsy revealed emaciation characterized by an almost com-
ite absence of body fat in the mink fed: Aroclor 1016 or 1242 diets. Gastric

sers, as described by Aulerich er al, (1973); were noted in some mink fed the
0clor 1242 diets. Control mink that died did not exhibit this extreme emacia-
n or incidence of. gastric ulcers. Prior o death the treated animals showed

orexia, weakness, and oﬁcn lethargy. :

No mortality occurred in the ferrets, with: the exception of a single female
it was fed 20 ppm Aroclor 1016, This death was due to complications arising
'm.a breech presentation at whelpmg, and was not attributed directly to the

B ‘treatment,

* Reproduction was dmmatlca.lly reduced in mink fed elther of the PCBs

able 2). Feeding Aroclor 1242 resulted in complete reproductive failure in

Js¢ animals that survived long enough to be bred. The 40 ppm diet caused

ath in all animals prior to the breeding season (March) Eight females fed the
Ppm Aroclor 1242 diet survived long enough 10 be mated, but died prior to
* ‘whelping period (late. April 1o early May). Am_ma]s fed the 5 ppm and »lO
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Table 2. Effect of PCHs on reproductive performance of mink and ferrets

y . . No. whel Alive at Live kj ‘
No. ¢ whelped/ Whelped geatation . ped bt
No. % mated %) (days) Alive Dead birth(%) Mated Whelpey .-

Mink ) .

0 ppin PCB ' 1621 762 %02 T VRN YY"y 38 40
S ppm Arcclor 1242 w12 0.0 ° —_— o — - - -
10 ppm Aroclor 1242 w1 LUK S — - -— — — -
20 ppm Aroclor 1242 08 00 . T~ -~ —_— - — ~.
40 ppm Aroclor 1242~ 00 60— - - - - -
20 ppm Aroclor 1016 44 M4 5t.3 25 s B3 T e
Ferrets . : : ‘
0 ppm. PCB S22 1008 0 420 8 b 95.9° 9P g
20 ppm Aroclor 1242 . 012 . 00 = — e -~ =
20 ppm. Aroclor 1016 B i 83 42 ;e 4 956 . T s

* Means within same column for each species thh wame supcm:npt are not alcmﬁclnﬂv different ® <0 05 N

.2 Does not includs famale that dned doring bmcb maemauon ‘

ppm diets also failed to reproduce The twemy«three females mated in these
- two groups (12 females fed 5 ppm dnd 11 fed 10 ppm) failed to- demonstrate any

outward :signs of pregnancy prior to- ‘death or during the gestation ‘period, - -
Aroclor 1016 also reduced, but did not completely eliminate reproduction. Four "

- of the nine mated females produced kits. The relative percentage of kits borp :

alive was.not affected by the reduced number of females that whelped.

“The ferrets that received the controt diet’ showed a whetpmg rate of 1009, -
The percentage of kits born alive was 95.9, with an average of 9.8 kits per
female. Ferrets fed the Aroclor 1242 dnet did not whelp. The females cycled, as -

' evidenced by vulvar swelling, several times. dm'mg the breeding season of -
' March to August (Ryland and Gorham 1978). Each ‘was mated during three
- separate cycles but failed 10 exhibit outward signs of pregnancy* However,"'

implantation sites were observed in twe femates when the study was terminated -

“and the animals necropsied. As shown in Table 2, the reproductive perfor.

mance of the female ferrets fed Aroclor’ 1016 was not signifi Cantly different . -

from that of the control females.

The bifth weight of mink kits .whelpcd by dams fed Aroclor 1016 avemged o

- ‘numencally less than that of kits whelped by dams fed the control diet (Table g

3). This différence, however, was not significant (P < 0. 05). Four-week body
weights were significantly lower for the kits nursed by dams fed Aroclor 1016, .

“There was also a significant (P <:0.01) reduction.in the biomass (average kit .

body weight gain between birth and four weeks of age X the average number of -

kits raised per lactating female) produced by female mink fed Aroclor 1016.

when compared tocontrol females (Table 3). The lactating control females’

- produced 2.4 times the biomass of the lactatmg females fed: Aroclor 1016,
" Mortality between birth and four weeks of age was 2.3 tiines grcater in mink
- kits produced and nursed by fema.les that consumed Aroclor 1016 than in the

control diet (56.0% vs, 24.1%). P
Reproductive parameters, kit growth and adult and klt mortahty were noz

sngmﬁcantly aﬁ'ected in the ferrets fed tlle Am:lor 1016 diet.
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Table 3. Average body weights and mortalily of kits whelped and nursed by t‘enmlérmisjk and ferrets fed PCBs

_ t All females died prior to mating
! Biomass = average kit body weight gam between birth ‘and 4 weeks of ap x the average number of lms -per ku:tatmg femaie

* Means within same columa for each species with same suycrsmpt are not slgmﬁcamly different (P < 0.05)

Kits
At birth At 4'weeks - : .
- — - - ’ ) R . Mortality
No. . Body wt. ) No. . Body wt. Avg. no kits’. _ Biemass' 10 4 wks.
- alive '(g+SE} - alive (g 8.E) . -lsctating® - - ® . ) . -
Mink- - : L ST ) ) :
Oppm PCB .. 9.0 + 0.208" 60 . R7T £ 233 462 “548.4 241
5 ppm Araclor 1242 e ' S . - S
" 10 ppm Aroclor 1242 o* -
20 ppm Aroclor 1242 -
40-ppm Aroclor- 1242 ot o . e S -
W 9pm Arocler 1046 25 . 84 =x02% iy -96+994¢ - 27% t- 228.8° 560 -
Oppm PCB : S 1T 8.1 043" 18 1366+ 3.08 9.00° se.s. ‘8.5
20 ppm Aroclor 1242 B S - o -
20 ppm Aroclor 1016 87 8.5+ 0.16" 7 142.9 = 2.11° 7.700 1034.9" LS
* All females failed to whelp
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Discussion.

The results of thls study indicate that mmk are better able to tolerate Arocioy

1016 than Aroclor 1242. Diets supplemcnted with 20- ppm of Aroclor 1015

~ caused moderate reproductive complications in mink, while dietary levels of -
~ only S ppm of Aroclor 1242 resulted in complete reproductive failure. The .

adverse effects on reproduction caused by PCBs do not appear to be due to an
effect on spermatogenesis. PCB-treated male mink have had acceptable levely ;

. of reproducnon when mated to untreated females (Aulerich and Ringer 1977

Based on previous observations, the effects on reproduction do not appear 1 -
be due to inhibition. of oogenesis, ovulation, or implantation; since fetuses wers -
seen in various stages of resorption. At dietary levels greater than $ Pom, -
Aroclor 1242 resulted in considerable adult mortality ‘in addition to reprodye.

tive failure. The ability of mink to reproduce when fed 20 ppm Aroclor 1016 i

the diet for six months is in contrast to the results reported for other ch ‘
mixtures (Platonow and Karstad 1973; Aulerich:and Ringer 1977).
~ In this study, mortality was limited to three female mink on the d:ets‘

-supplemented with 20 ppm of Aroclor 1016; whereas, a. comparable level of
‘Aroclor 1242 resulted in 100% mortality of both male and female mink. The

71% adult mortality reported by Aulerich and Ringer (1977) in mink fed 10 ppp,
Aroclor 1254 for 10.months is similar to the 67% mortality noted in the mink
that received 10 ppm dietary Aroclor 1242 for nine months in this study. :

There was no difference in mortality rates between male and female mink
fed diets supplemented with 10 ppm, 20 ppm, or 40 ppm of Aroclor 1242

- However, iri mink fed the 5 ppm Aroclor 1242 or the 20 ppm Aroclor 1016 diets,
_deaths were limited to female mink.. Maie mink have dlso been shown to syr.

vive longer than female mink when fed low Ievels (0 64-3, 57 ppm) of Aroclor'

1254 (Platonow and Karstad 1973).

If it is assumed that female mink consume 150 g of feed per day (Schmble )

1970), the mean total consumption of Aroclor 1242 by the females that died
. (Table 1) while being fed diets that containeéd 5, 10,20, and 40 ppm of this PCB

was 113, 257, 460, and 729 mg, respecnvely. ‘Using 'this ‘assumed feed con--

- sumption and a mean body weight of 800 g, an LDy, for the females fed 10, 20,
. and 40 ppm Aroclor 1242 can be ‘calculated as follows: LDy = feed consumed -

per day x PCB concentration in the diet x mean days survived until 50 percént.

- . mortality + bedy weight. Based op this formula, the calculated LDy, for
- females fed 10,.20, and 40 ppm Aroclor 1242 was 315, 521, and 833 mykg .

respectively, Thcse increasing LDy, values with respect to higher dietary con-

" centrations may indicate differential absorphon of the PCB miixture.

A comparison of the relative toxicity of Amclors 1242 and 1016 waih ;

~ Aroclor 1254, a ‘prevalent PCB mixture in the environment extremely toxic o
~ mink (Aulerich and Ringer 1977), can be made from the data presented in Table
- 4. At levels of ingestion of 5 and 10. ppmi, mortality and reproduction results

were similar for mink fed Aroclors 1242 and 1254. However, at alower dietary-
jevel of 2 ppm, Aroclor 1254 1mpaxred reproducnon whxle A:oclor 1242 did not -
have an adverse effect.

An estimated L.Cs, (dictary: concentratlon lethal to 50 percent of the mmk); ;
can be calculated for Aroclors 1242 and 1254 from the data presented in Table
4. Using the procedure of Luchﬁeld and Wllcoxon (1949) the LC;, for Amclor
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T-blr, 4 ‘Semmary of mprmlxty a.nd reprodu:tmn in mmk fed various levels of Aroclors 1254,
11242, and 1016, _

_Tmtmem o ' Pcpiocl fed: Mor;alily, : .Rgprodnglion

ovel (ppm) _  (days) © "(ﬁ.q. d'ead/not total)..  (kitsr 9)
. Avoclor 1254% C . BRI .
S e o oma a0 se
B T >/ ST 2. S % |
2 A SO B 03
Lo % . w0 0.0
W N s ST "-00
- Aracjor 1242 G : T :
N 7 RS ' S48
20 L e . o . 56
5 ‘ 2 AR 155 S 00
19 ‘ 27 - 1015 0.0
20 K D /T 72 £ I 00
' B & LS L7 L A n.e
" Arocler 1016 P T S
T e S 47 P 7 I . 49
» . 9y T @8 . A5

p. ! . 247 oo 63

M Dma from Aulerich ‘and R.mger. 1977 .
¥ All mink died within 192 days on diet .
" T Al mink died within. 138 days on d-:t. 0! femalcs surv:ved to Whelpmg

1242 fed to mmk is 8 6 mg: per kg dnct when fed for 247 days ‘The slope of the
doser-effcct curve is 0,699, For Aroclor 1254 the LCy, is 6.65 ppm when fed for

. 280 to 297 days. The slope of this line is 2.627. Therefore, Aroc}or 1242 has.a

- greater margin of safety than Aroclor 1254 for mink.

~ Although the, effects of feeding Aroclor 1016 to mink were not as dramatic
.85 those that occurred from the fecdlng of Aroclor 1242, some detrimental .
effects were observed. These included increased. mortality among adult female
“ mink in addition 16 reduced four-week body weights of kits.. ngher kit mortal--

ltv between birth and four weeks. of age was; also noted.
The growth rate of the pursing kits was ¢xpressed as the average biomass

fT able 3) to account for the fact that kits raised by females with large litters may - "

.ot réceive as much milk ‘per kit as those raised by females with smaller litters

: . dnd, thcrefore. would weigh less. at four weeks of age. Since almost all of the
’kit's weight-gain up to four weeks of age is from the nourishment provided by
- the dam’s milk, the reduced four-week weights and increased mortality of kits

. hursed by dams fed Aroclor 1016 might be attributed to dam effects. PCBs have
_been shown 10 be excreted in milk. (Platonow er al. 1971) and this may account

for the poor growth and increased mortality of these mink kits. There may also

areduction in the quantlty of milk produced by the PCB-fed females, putting
U!'lher stress on the growing kit. Long—term low-level feeding of PCBs has also
- been found to reduce weight gains and feed efficiency in growing swine and

‘ 8heep (Hansen ef al. 1976).
‘ The femts were not as: sevene]y affected by either PCB mixture as were
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the mink desplte the fact that food consumpuon is comparable between the two

species. Mortality of adult ferrets was nonexistent (except for the breech pre. -

sentation). Reproduction was prevented in the ferrets fed 20 ppm Aroclor 1242

‘a level lethal to 100% of the adult mink.

The difference in toxicity found between Aroc!or 1016 and other PCB

. mixtures may be due'to limited absorptlon of Aroclor 1016, a higher excretion

rate of 1016, the removal of contaminants such as chlorinated dibénzofurans -
(Bowes et al. 1975) and chlorinated dibenzodioxins (Porter and Burke oy -
from Aroclor 1016, or because Aroclor 1016:s metabolized to a greater extent,
The degradation of the lower chlorinated biphenyls has been shown to be. much

‘more tapid than for the more highly substituted biphenyls (Hutzinger et af .
- 1974, Tucker et al. 1975) The ability of mink.to metabaolize and excrete PCBs
_may be dependent upon the percentage of the higher chlorinated biphenyis, as-‘ 3
- well as the overall percenlage of chlonnatxon of the PCB mixture. <
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