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Mink (Mustela vison) are found statewide in V i rg in ia  and 
th roughout  the United States. Wetland areas such as streams, 
lakes and marshes are cri t ical habitat for  mink (Linscombe et al. 
1982). As predators they are oppor tun is t ic  feeders (Er r ing ton  
1954), and they eat a wide var ie ty  of foods including small 
mammals, f ish,  f rogs,  crayf ish,  b i rds and eggs (Bu r t  and 
Orossenheider 1976). 

Several contaminants have been studied in captive ranch mink due 
to the potential for adverse affects on reproduct ion and 
subsequent economic losses in the mink fu r  indus t ry .  Very  low 
concentrat ions of PCB's have been found to cause death or to 
inter fere with reproduct ion in mink (Platnow and Karstad 1973; 
Auler ich and Ringer 1977). Mercury  poisoning has been reported 
in wild mink and may be an unrecognized cause of mink morta l i ty  
(Wobeser and Swift 1976). Auler ich et al. (1974) found mink to 
be very  sensit ive to methyl mercury but less so to inorganic 
mercury (HgCI2) .  Auler ich and Ringer (1970) found that  mink 
are comparativeqy resistant to the effects of most organochlor ine 
pesticides. However, l i t t le work has been done on heavy metal 
concentrat ions (other than mercury)  in mink. Auler ich et al. 
(1982) studied the effects of supplemental d ie tary  copper in mink 
but  did not determine the natural concentrat ions of this metal in 
wild populations of mink. They found no toxic effects of copper 
even at dai ly basal diet supplementation of 200 1Jg/g. 

The present s tudy was undertaken to determine concentrat ions of 
lead, cadmium, zinc and copper in wild mink populations from 
Vi rg in ia  and to determine if dif ferences existed in heavy metal 
concentrat ions among sexes, ages and locations of capture.  Mink 
were chosen for  this s tudy because the i r  high t roph ic  status and 
oppor tun is t ic  feeding patterns make them potential indicators of 
heavy metal pol lut ion. Also, according to t rend estimates by the 
Vi rg in ia  Game Commission and Inland Fisheries (1982), mink 
populations have been decreasing in certain parts of the state. 

*Au tho r  whom correspondence should be addressed. 
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MATERIALS AND METHODS 

Mink carcasses were obtained from V i rg in ia  t rappers  du r i ng  the 
1981-82 and 1982-83 t rapp ing  seasons. Location of t r app ing  
allowed 4 general areas in V i rg in ia  to be del ineated:  Southwest  
(SW), Central  (C) ,  North (N) ,  and East (E) .  Mink carcasses 
were f rozen as soon as possible at col lect ion centers and later 
t r a n s f e r r e d  to VPI 8 SU for  necropsy.  Ages of mink were 
determined by cementum annul i  analyses suppor ted  by baculum 
and femur character is t ics  (Ogle 1984). Bone, k idney and l i ver  
samples were dissected fo r  heavy metal analyses. Sample 
prepara t ion  and atomic absorpt ion spect rophotomet ry  procedures 
(flame mode) were those of Scanlon et al. (1980). Detection limits 
were 1.0 ls9/g fo r  lead and 0.1 1Jg/g d ry  we ight  ( d . w . ) ,  fo r  
cadmium, zinc and copper.  A 3 -way  Analys is  of Var iance using 
Type  III sums of squares (SAS 1982) was used to test  fo r  
d i f fe rences among sexes, areas and ages in lead, cadmium, zinc 
and copper  concent ra t ions.  Because a low percentage of bone 
samples had detectable lead d i f fe rences in bone lead 
concentrat ions by sex, area and age were tested using a X 2 test  
wi th 4 catagories of lead concent ra t ions (< detect ion,  1.00 - 1.99 
l~g/g, 2.00 2.99 lsg/g, and > 3.00 lsg/g).  Di f ferences were 
considered s ign i f icant  at the P<0.05 level. Data from both 
t r app ing  seasons were not pooled because t r app ing  locations 
wi th in  areas did not cor respond exac t l y  between seasons. 

RESULTS AND DISCUSSION 

Means (+S .E . ) ,  ranges, and s ign i f i can t  d i f fe rences by sex, area 
and age of lead, cadmium, z inc and copper concentrat ions in 
l i ver ,  k idney and bone samples of mink t rapped  du r i ng  the 
1981-1982 and 1982-83 seasons are presented in Table 1. Lead 
concentrat ions were similar to or  lower than those found in many 
o the r  species in a va r i e t y  of t roph ic  levels. Mean bone lead 
concentrat ions were similar to or  lower than mean bone lead 
concentrat ions in r i ve r  ot ters  (Lutra canadensis) from V i rg in ia  
(Anderson 198t; Anderson-B ledsoe  and Scanlon t983) Mean k idney 
and l iver  lead concentrat ions of mink were lower than those of 
o t te rs ,  b i te rs  and Nielsen (1978) found a mean l iver  lead 
concentrat ion of 6.2 pg/g  (wet we igh t )  in 14 raccoons (Procyon 
Iotor) from Connect icut .  One raccoon, which had a l i ver  lead 
concent ra t ion of 35 l~g/g, had died of lead poisoning.  The 
maximum l iver  lead concentrat ion in mink from V i rg in ia  was 12.7 
~g/g, d .w .  but  only 690 of all l i ve r  samples had detectable lead 
concent ra t ions.  The maximum bone lead concentrat ion was 21.2 
l~g/g, d.w. 
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Table 1. Lead, cadmium, zinc and copper concentrations in 
bone, kidney and l iver samples of mink trapped in 
Virginia during the 1981-83 trapping seasons and 
significant (P<0.05) differences and interactions 
shown by listed variables as follows: by sex (S), 
age (A),  and area (R). 

Metal N %>det. ~ Mean_+SE Min. Max. Sign.2 Sign.3 
Tissue limit Diff- Inter- 
S Year erence action 

1981-82 
BONE 
Pb 129 64 1.87_+0.23 0.00 21.15 
Zn 129 100 113.47_+1.45 54.01 157.53 
Cu 110 89 1.15_+0.06 0.00 2.78 

A 

KIDNEY 
Pb 108 3 0.06-+0.04 0.00 2.60 
Cd 108 100 1.21~0.20 0.12 15.99 R,A S*R 
Zn 108 100 88.77~1.80 59.99 173.40 
Cu 108 100 21.02_+0.97 6.65 71.03 S*R,R*A 

LIVER 
Pb 125 6 0.12_+0.05 0.00 3.38 
Cd 125 74 0.38_+0.05 0.00 3.48 R,A SWR 
Zn 125 100 102.25_+2.21 64.24 194.44 S*R*A, S*R 
Cu 125 100 36.71_+1.76 10.84 116.07 A 

1982-83 
BONE 
Pb 198 45 1.12Z0.11 0.00 9.59 A 
Zn 198 100 123.61-+t.60 79.68 215.74 S 
Cu 198 100 1.64_+0.17 0.13 29.74 

KIDNEY 
Pb 178 11 0.23• 0.00 5.22 
Cd 178 100 1.02_+0.10 0.11 11.66 R,A R*A 
Zn 178 100 93.42_+1.30 48.24 165.28 
Cu 170 100 31.04_+1.84 11.08 196.67 A R*A 

LIVER 
Pb 199 6 0.18-+0.08 0.00 12.74 
Cd 199 72 0.33-+0.02 0.00 2.43 R,A R*A 
Zn 199 100 123.24+3.28 54.68 304.17 A R*A 
Cu 199 100 34.88-+1.94 19.17 193.56 S*R,R*A 

% > detection limit. Detection limits were approximately 
1 1Jg/g for Pb and 0.1 1~g/9 for Cd, Zn, and Cu. 

= Significant differences by listed variables (p<0.03) 
3 Significant interactions by listed variables (p<0.05) 
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Figure 1. Capture locations in V i rg in ia  of mink with bone lead 
concentrat ions > 3 #g/g ( large dots) and of all other mink (small 
dots) ,  1981-83. 

Figure 2. Capture locations in V i rg in ia  of mink with k idney 
cadmium concentrat ions _> 2 ]Jg/g ( large dots) and of all other 
mink (small dots) 1981-83. 
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No s ign i f i cant  d i f fe rences in bone lead concent ra t ions were 
observed between sexes or among areas. However ,  the SW area 
tended to have a lower p ropor t ion  of samples below the lead 
detect ion limit and more samples with lead concentrat ions > 3 1Jg/g 
than the o ther  3 areas (F igure  1). T issue lead concent ra t ions in 
wh i te - ta i led  deer (Odocoi leus v i r g i n i a n u s )  have been found to 
va ry  s ign i f i can t ly  wi th ecoregions (Kocan et al. 1980) and general  
geograph ic  regions (Woolf et al. 1982). Lead concent ra t ions in 
g ray  squ i r re ls  (Sc iu rus  caro l inens is )  var ied wi th human 
socioeconomic regions (McKinnon et al. 1976) Woolf et al. (1982) 
found l iver  lead concentrat ions did not d i f f e r  s ign i f i can t l y  
between sexes of deer.  

S ign i f icant  d i f fe rences in bone lead concent ra t ions among ages 
were observed in mink du r i ng  both t r app ing  seasons. Lead 
concentrat ions in bone accumulated with increasing age. Mink of 
3 years or o lder  more often had > 3 #g /g  lead in bone, and 
juveni les more often had undetectable lead concent ra t ions than 
would be expected.  Scanlon et al, (1983) found that  adul t  p ine 
voles (Microtus p ine torum)  had s ign i f i can t l y  h igher  lead 
concentrat ions than juveni les from orchards that  had been t reated 
wi th  lead arsenate several years before the s tudy .  

Overal l  cadmium concentrat ions in mink k idneys and l ivers were 
s l igh t l y  h igher  than those repor ted by Anderson-B ledsoe  and 
Scanlon (1983) in o t te rs ,  and by An thony  and Kozlowski (1982) in 
wh i te - foo ted  mice (Peromyscus leucopus) and meadow voles 
(Microtus pennsy lvan icus )  t rapped in control  areas and areas 
i r r iga ted  with sewage. L iver  cadmium concentrat ions in mink 
were similar to those found in wh i te - ta i led  deer from Il l inois 
(Woolf et al. 1982). Mean k idney cadmium concent ra t ions repor ted 
in o ther  species range from 2.48 l~g/g (wet  we ight )  in raccoons 
from Florida (Hof f  et al. 1977) to 39.7 ]Jg/g in f ie ld mice 
(Apodemus sy lva t i cus )  from an abandoned smelter waste site in 
Wales (Johnson et al. 1978). 

L iver  and k idney cadmium concentrat ions did not d i f f e r  
s ign i f i can t l y  between male and female mink. Woolf et al. (1982) 
also found no s ign i f i cant  sex d i f fe rences in l i ver  cadmium 
concentrat ions in wh i te - ta i led  deer.  Cadmium concent ra t ions in 
mink from the SW area were h igher  than in o ther  3 areas of the 
state du r ing  both seasons (F igure  2).  The SW area had 
considerable mining act iv i t ies.  Ot ters  are absent from th is  area 
which may explain the lower cadmium concentrat ions found in 
k idneys and l ivers of o t ters  from a statewide sample (Anderson-  
Bledsoe and Scanlon 1983). K idney cadmium concent ra t ions 
accumulated with age in samples from both years .  S ign i f i cant  
increases of cadmium in k idneys wi th age have been repor ted  in 
o ther  species (McKinnon et al. 1976 Kocan et al. 1980 Woolf et al. 
1982). 
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McKinnon et al. (1976) found no over t  signs of cadmium tox ic i ty  
in 3 gray squir re ls  from urban areas in Florida with kidney 
cadmium concentrations of 42.77 to 59.5 ]Jg/g wet weight.  In 
comparison, the maximum kidney cadmium concentrat ion in Vi rg in ia 
mink was 15.99 pg/g d.w.  and only 3 others were above 5 ]~g/g 
d.w.  Fr iberg et al. (1974) cites several studies which suggest 
that the cri t ical kidney cadmium concentrat ion above which renal 
dysfunct ion becomes evident in animals is approximately 200 ~g/g 
wet weight.  However, they also cited studies that  reported that  
rats chronical ly exposed to cadmium developed hypertension when 
kidney cadmium concentrat ions were as low as 40 ]~g/g wet 
weight. 

Zinc concentrations found in V i rg in ia  mink were similar to those 
found in many other species, but were approximately one quar ter  
the values observed in mink by Auler ich et al. (1982) dur ing a 
copper tox ic i t y  experiment (mean l iver  zinc concentrat ions were 
488-530 ]Jg/g, d . w . ) .  It is possible that the high copper 
concentrations found in the Michigan s tudy induced the synthesis 
of metallothionein which aided in the retention of zinc. In other 
studies, mean zinc concentrat ions range from approximately 25 
~g/g wet weight in gray squi r re ls  (,McKinnon et al.  1976) to over 
176 ]Jg/g, d.w.  in otters (Anderson-Bledsoe and Scanlon 1983). 
Mean kidney zinc concentrat ions less than 25 ]~g/g were found in 
white-footed mice and meadow voles from areas i r r igated with 
sewage (Anthony and Kozlowski 1982). 

Bone zinc concentrations were s ign i f icant ly  h igher in female mink 
than in males dur ing the 1982-83 season. Females also tended (P 
= 0.067) to have higher bone zinc concentrat ions dur ing  1981-82. 
Kidney and l iver  zinc concentrat ions did not d i f fer  between sexes 
dur ing ei ther season. Woolf et al.  (1982) found no signi f icant 
differences between sexes in l iver  zinc concentrat ions of white- 
tailed deer. L iver zinc concentrat ions of mink from the central 
area were s igni f icant ly  higher than other areas in 1982-83 but not 
in 1981-82. However, the capture sites of mink in the central 
area dur ing the two seasons do not closely correspond. Johnson 
et al.  (1978) found only small dif ferences (some of which were not 
s igni f icant)  in total body zinc burdens of f ield mice from smelter 
waste sites and control areas despite marked dif ferences in soil 
zinc concentrat ions. Zinc concentrat ions in mink in the present 
s tudy did not d i f fer  s ign i f icant ly  with age. 

As has been found in other studies,  copper concentrat ions varied 
widely in the present s tudy.  Auler ich et al. (1982) found mean 
l iver  copper concentrations of 293 ]Jg/g, d.w.  in control mink and 
340-479 ]~g/g, d.w.  in mink given various levels of supplemental 
copper daily in the diet. Other studies have found copper 
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concentrat ions ranging from 3.2 ]~g/g in o t te r  k idneys (Anderson-  
Bledsoe and Scanton 1983) to 109 #g/g  in wh i te - ta i led  deer l ivers 
from Il l inois Woolf et al.  1982). Copper  concentrat ions in the 
la t ter  s tudy  ranged from 0 to 456 ]~g/g. 

Kidney copper  concentrat ions were s ign i f i can t l y  h igher  in the 
central  area than in o ther  areas of V i rg in ia  du r i ng  1982-83. This 
was the same area and year  in which s ign i f i can t l y  h igher  l i ver  
zinc concentrat ions were found.  There  were s ign i f i cant  
d i f fe rences in copper  concentrat ions by age du r i ng  1981-82, but  
no pat te rn  was ev ident ;  2 year  old mink had s ign i f i can t ly  lower 
l i ver  copper  concentrat ions than o ther  ages. Woolf et al.  (1982) 
found that  l i ver  copper  concentrat ions var ied s ign i f i can t l y  wi th 
age and sex in wh i te - ta i led  deer ,  but  they  suggested that  local i ty 
d i f fe rences may have accounted fo r  the observed age and sex 
d i f fe rences .  

S ign i f icant  in teract ions between the var iables of sex,  area and 
age did occur  and were especial ly p reva len t  fo r  copper 
concentrat ions (Table I). These in teract ions must be considered 
when i n te rp re t i ng  the d i f fe rences in metal concentrat ions due to 
each separate var iable.  However ,  many of the s ign i f i cant  
in teract ions seem to be due to single or  a few extreme 
observat ions.  There fo re ,  the d i f fe rences in metal concentrat ions 
due to the main ef fect  var iab les,  as discussed above, are 
probab ly  val id .  

A l though metal concentrat ions in mink are rough ly  comparable to 
those repor ted in a number of o ther  species, in te rp re ta t ion  is 
d i f f i cu l t .  Species d i f fe rences occur  in absorpt ion,  storage and 
excret ion o f  all heavy metals and in homeostasis of zinc and 
copper.  In addi t ion,  exposure  may va ry  wi th posit ion in food 
chains. For instance Blair  et al.  (1977) found that  w i th in  an 
area, shrews tended to have h igher  lead, cadmium, and zinc 
concentrat ions than wh i te - foo ted mice or meadow voles. Within 
the same species, metal concentrat ions may va ry  s ign i f i can t ly  wi th 
local i ty.  Sex and age d i f fe rences also may confound 
in te rp re ta t ion  of metal concent ra t ions.  D i f fe r ing  food habits must 
also be cons idered.  

Mink occupy a posit ion at the top of food chains bu t  show l i t le 
evidence of a major accumulation of heavy metals in V i rg in ia .  
They  are however  a shor t  l ived species (Ogle 1984) and the 
major i ty of th is sample was young of the year .  Cadmium 
especial ly tends to increase wi th age and s ign i f i can t  cocentrat ions 
were found in th is  sample despi te  the low average age. The fact  
that  s ign i f i can t l y  h igher  concentrat ions of cadmium were found in 
mink from the Southwestern por t ion of the s ta te - - t ha t  por t ion 
most d i s tu rbed  by min ing- -may wa r ran t  f u r t h e r  invest iga t ion .  
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