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The values of b io log ica l  monitoring were c lear ly  summarized by 
JENKINS (1981). Whi te- ta i led deer, Odocoileus v i rg in ianus ,  a 
widely d i s t r i bu ted  and abundant game animal, are especia l ly  suited 
for  broad area survei l lance because of the ease of obtaining 
specimens in conjunction wi th legal harvests. Levels of trace 
elements have been reported in deer, but not from the midwestern 
United States as represented by I l l i n o i s .  The potent ia l  for  trace 
metal environmental hazards has been indicated by others (ERDMAN 
et a l .  1978, MUNSHOWER & NEUMAN 1979), and many regions of 
l l l i n o i s  may be subject to such hazards. This study was conducted 
to establ ish baseline data for  environmental monitoring and to 
compare trace element levels found with those reported in s imi la r  
species from other regions. 

Of the 14 trace elements or metal loids i den t i f i ed  as po ten t i a l l y  
tox ic  (Sb, As, Be, B, Cd, Cr, Co, Cu, Pb, Hg, Ni, Se, Sn, V), only 
Pb, Cd, Hg, As, and Ni were indicated to const i tu te  an important 
threat  to humans (JENKINS 1981). These 5 elements were included 
in our analysis plus cobalt ,  chromium, copper, magnesium, manga- 
nese, and zinc. L iver  was selected for  analysis because of the 
a v a i l a b i l i t y  of specimens from hunters at deer check s tat ions.  

MATERIALS AND METHODS 

Samples of l i v e r  t issue were obtained from 190 deer representing 
15 l l l i n o i s  counties in 1980; a l l  but 32 samples were from Nov.- 
DecJ harvested deer at  check s ta t ions ,  the others came from auto- 
mobi le-k i l led deer throughout the year. Portions of l i ve rs  were 
placed in p las t i c  bags then transferred to the laboratory for  
frozen storage. 

Samples were prepared for  analysis by weighing a 4-6 gosubsample 
to~O.O001 g on an analy t ica l  balance and drying at 70 C in a 
fo rced-a i r  oven un t i l  a constant weight was obtained. Samples 
were then digested with n i t r i c  and su l fu r i c  acids. Most analyses 
wereRdone on a Jarrell-Ash Plasma Spectroscope Model 90-750 Atom- 
comp . Detection levels for  a l l  elements were at least  0.01 ppm. 
Because of varying v i scos i t i es  of  the digested samples, each was 
f o r t i f i e d  l : l ( v : v )  with I0 ppm ( f ina l  concentration) reference 
standard t i tan ium. The percent recovery of  the t i tanium was used 
to adjust ppm (~g/mL) values of the other elements. The 
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standardization procedure included analyzing standards (I0 ppm) 
for each element and a t i tanium blank a f ter  every 7-12 samples. 
Analyses for arsenic and mercury were done on 29 samples at the 
l l l i n o i s  Department of Agricul ture Animal Diagnostic Laboratory, 
Centralia using atomic absorption spectrophotomety. 

Sex and age of deer reported were obtained from l l l i n o i s  deer 
check stat ion data. Age determinations were made by the tooth 
replacement method to separate fawns, yearl ings, and older deer 
(2.5 years-old and older).  Data are presented as mean (2) ppm 
+ standard error of the mean (SE) on a dry weight basis (~g/g) 
except where indicated otherwise ( for  arsenic and mercury). The 
effects of sex and age were tested by ANOVA using the SAS package 
(HELWIG & COUNCIL 1979) and SIU-C computing f a c i l i t i e s .  

RESULTS AND DISCUSSION 

Arsenic was not detected (<0.01 ppm) in 21% (6/29) of the deer 
l ivers examined. The mean As level in deer with detectable 
levels was 1.4 ~g/g wet wt. (0.60 - 4.8). These levels exceed 
those noted by DOYLE & SPAULDING (1978) and the normal reported 
t issue levels of 0.5 ppm or less (BUCK et al .  1976). JENKINS 
(1981) stated that comparatively few species of animals had been 
used to measure environmental gradients of arsenic; other reports 
of levels in whi te- ta i led deer were not found. Without compara- 
t ive data, l i t t l e  biological signif icance can be attached to these 
levels; they merely represent preliminary survei l lance f indings. 
Although i t  has been reported that acute or subacute poisonings 
may have as low as 2 ppm in l i ve r  of kidney, levels above I0 ppm 
are usually accepted to confirm arsenic poisoning (BUCK et al.  
1976). Thus the levels, while apparently high, l i ke l y  are sub- 
lethal .  Further, tox i c i t y  depends on form as well as concentra- 
t ion. Elemental As per se is not toxic and the levels reported 
may jus t  represent accumulation of elemental As. 

The mean Hg level in deer with detectable amounts (>0.01 ppm) 
(10/29 or 35%) was 0.024 ppm wet wt. (0.010 - 0.057). The mean 
levels found are s imi lar  to those reported in l ivers of ca t t le ,  
swine and dogs in the midwestern United States (PENUMARTHY et al .  
1980). These levels are also s imi lar  to those found in kidneys of 
deer in Oklahoma (KOCAN et a l .  1980). 

The results of the analysis for other elements are l i s ted in Table 
I .  MUNSHOWER & NEUMAN (1979) pointed out that the i r  data, as well 
as those reported by others, ref lected the wide var iat ion of 
elemental levels found from animal to animal. The data in Table 1 
substantiate that view. Tests of signif icance must be viewed with 
some caution in l i gh t  of the wide ranges and resul t ing standard 
errors of the means of most elements. Further, 5 elements (Cr, 
Cu, Mg, Mn, Pb) also di f fered by county and/or region of l l l i n o i s  
(WOOLF, unpublished data, in preparation). Nevertheless, they do 
represent baseline data from a large sample of I l l i n o i s  deer. 
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Cadmium levels reported for midwestern domestic animals 
(PENUMARTHY et al. 1980) were simi lar to those found in this 
study. Levels were also simi lar to those reported for mule deer 
(Odocoileus hemionus) and pronghorn antelope (Antilocapra 
americana) collected in Southeastern Montana (MUNSHOWER & NEUMAN 
1979). Accumulations s ign i f i can t l y  increased with age. 
MUNSHOWER & NEUMAN (1979) noted s ign i f i cant  accumulations of Cd 
with age in mule deer and antelope kidneys, but they did not 
detect such a trend in l ivers from ei ther species. 

Cobalt is considered to be of low t o x i c i t y  to humans and environ- 
mental gradients have been reported mainly in higher plants 
(JENKINS 1981). Levels found in this study did not vary by 
region, sex or age and l i ke ly  re f lect  background environmental 
levels. 

Chromium is an abundant, but not highly toxic element. Levels 
detected were within the range found in 25 mammalian species 
(0.0 - 5.0 ppm dry wt . ;  JENKINS 1981). Other reports of Cr 
levels in whi te- ta i led deer were not found. There was a s i g n i f i -  
cant difference in levels detected by sex with males averaging 
higher concentrations (Table I ) .  

Mean Cu levels found were higher than the 73 ppm dry wt. mean 
reported in mule deer l ivers from Colorado (STELTER 1980), or mule 
deer (46 ppm freeze-dry wt.) and antelope (27 ppm) from Montana 
(MUNSHOWER & NEUMAN 1979). However, the levels were well below 
150 ppm wet wt. ;  the level ci ted by BUCK et al. (1976) as associ- 
ated with t o x i c i t y  in ruminants. They were generally lower than 
the range of 200-300 ppm dry wt. reported in cat t le  l ivers by 
DOYLE & SPAULDING (1978). An extremely wide range was found, but 
s ign i f i cant  sex and age differences appeared (Table I ) .  Local i ty 
differences also existed and these may account for the observed 
sex and age differences. MUNSHOWER & NEUMAN (1979) found de- 
creasing levels of Cu associated with age in both mule deer and 
antelope in contrast to these f indings. 

Magnesium is not considered a toxic trace element and the levels 
found are merely reported without comparison. There was a wide 
range, but males had s ign i f i can t l y  higher levels. There was a 
nonsignif icant trend toward decreasing levels with age (Table I ) .  

Manganese levels found in these analyses are simi lar to those 
values reported for mule deer and antelope in Montana (MUNSHOWER 
& NEUMAN 1979). Values are also simi lar to the range (8-12 ppm 
dry wt.) reported for cat t le ,  sheep and swine l ivers  (DOYLE & 
SPAULDING 1978). There was a s ign i f i cant  trend toward lower 
levels with increasing age. 

Mammal organs ( l i ver )  are considered a poor choice for biological 
monitoring of nickel (JENKINS 1981). He reported wet wt. ranges 
of 0.0 - 3.7 ppm in l i ve r  and kidney for 13 species. SCHRODER et 
al. (1962) found a range of  0.0 - 2.5 ppm wet wt. in deer l ivers  
from New England. We found a very wide range, but the mean (3.6 
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ppm dry wt.)  was s imi lar  to other reported ranges. MUNSHOWER & 
NEUMAN (1979) stated that Ni levels in mule deer and antelope 
ranged up to 3, but most were less than 0.5 ppm freeze-dried wt. 
The wide range of Ni we found indicated higher concentrations in 
males and a strong tendency toward increasing levels with age, but 
the resul ts were not s ign i f i cant  (Table I ) .  

Lead levels in our sample were higher than those commonly reported 
for  most species, but high levels in one area that const i tuted a 
large portion of the sample (n=131) was an important factor  
(WOOLF, unpublished data, in preparation). LYNCH (1973) reported 
a mean of 0.74+0.32 SD (wet wt.)  in Ohio deer l ivers .  MUNSHOWER & 
NEUMAN (1979) found means of 0.6 and 0.9 ppm (freeze-dry wt.)  in 
antelope and deer l i vers ,  respectively. Liver lead levels 
reported for  Midwestern swine, ca t t le ,  dogs, and horses was gener- 
a l l y  less than 0.5 ppm with 2 ppm the maximum detected (PENUMARTHY 
et a l .  1980). Levels of lead reported in deer kidneys by KOCAN et 
al .  (1980) are also in th is  range. 

Zinc levels found were somewhat lower than those reported for 
antelope and deer by MUNSHOWER & NEUMAN (1979). Also, the levels 
we found generally averaged lower than those reported for  domes- 
t i c  animals in the US and other countries (DOYLE & SPAULDING 
1978). 

The sample elemental levels presented can only be viewed as pre- 
l iminary baseline data generally comparable to that reported for  
s imi lar  species in other regions, or domestic animals. Since the 
samples were from 15 areas of I l l i n o i s ,  the mean values represent 
a broad, rather than s i te  speci f ic  survei l lance. In spite of 
obvious shortcoming ( i .e .  l i ve r  is not the t issue of choice for  
biological monitoring of a l l  trace elements), the resul ts do 
provide useful baseline information. The values found seemingly 
represent that present in healthy deer inhabit ing the regions 
sampled. For the most part,  the l i ver  levels were s imi lar  to 
other published data. The higher than normal lead levels were 
a t t r ibu tab le  to a large sample from one area. Comparatively high 
arsenic levels are not explained and warrant fur ther  investiga- 
t ion. 
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