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I t  has been establ ished that  elevated mercury levels in f ish  
occur in areas remote from recognized point  sources of mercury 
contamination (SU~ER et al .  1972; SMITH et al .  1975). I t  may be 
expected, there fore ,  that  mercury levels  may also be accumulated 
through natural  processes in w i ld  mammals inhab i t i ng  those areas. 
A process for  demethylating organic mercury to less tox ic  inorganic 
mercury has been suggested in some marine mammals exposed to high 
mercury levels  (FREEMAN and HORNE 1973, UTHE 1972). I t  is  possible 
that  a s im i l a r  demethylating process ex is ts  in t e r r e s t i a l  mammals 
which are exposed to elevated levels of  mercury in t h e i r  d ie t .  
Natural mercury levels  in f ish  have been reported in the PreCambrian 
Shield of the Muskoka D i s t r i c t  (BROUZES et al .  1977). The present 
paper compares to ta l  and methyl mercury levels occurr ing in various 
organs of w i ld  beaver, raccoon and o t t e r  representing herbivorous, 
omnivorous and carnivorous l i f e  s t y les ,  col lected from the same 
general area where substant ia l  mercury levels  are known to occur 
in f i sh .  

METHODS AND MATERIALS 

Study s i te  and f i e l d  co l l ec t ion  

Carcasses of the w i ld  mammals were obtained from a local t rap- 
per for  the purpose of  th i s  study. Al l  animals were trapped wi th in  
an undisturbed watershed located on the edge of Georgian Bay approx- 
imately 20 km south of  Parry Sound in the D i s t r i c t  o f  Muskoka, dur- 
ing February and March 1979. The area consists of typ ica l  PreCambrian 
Shield bedrock wi th  an abundance of lakes and marshes. The study s i t e  
is remote from any d i rec t  sources of mercury contamination, yet many 
of the f i sh  species have mercury levels  exceeding the 0.5 ppm Canadian 
recommended safe level (unpub. data of the authors).  

Muscle, l i v e r  and kidney t issue samples were taken from speci- 
mens of beaver (Castor canadensis), raccoon (Procyn lo to r )  and o t te r  
(Lutra canadensisy and frozen un t i l  analys is .  Samples of i n tes t ine  
t issue were avai lab le  from beaver and o t t e r  only. Al l  t issues were 
analyzed for  both to ta l  and methyl mercury. 
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Analytical Procedures 

For the determination of tota l  mercury a one gram sample of 
t issue was accurately weighed out and digested in a mixture of sul- 
fur ic  and n i t r i c  acid at 63-65oc and mercury was released as des- 
cribed by HATCH and OTT (1968). Mercury was detected as a cold 
vapour by flameless atomic absorption spectrophotometry at 253.7 nm. 
Methyl mercury was determined by the procedure described by UTHE et 
al. (1972). 

RESULTS AND DISCUSSION 

Varying amounts of both inorganic and organic mercury were pre- 
sent in al l  t issues from the three species tested (Tables 1 and 2). 

WILLIAMS and WEISS (1973) suggest that mercury concentrations 
in tissue are correlated with long exposure time rather than the 
result  of "biological magnification". In the present study, the 
beaver, a herbivorous animal, exhibited mercury levels an order of 
magnitude lower than raccoon or o t ter  in a l l  organs tested. Average 
muscle and kidney mercury concentrations were greatest in the o t te r ,  

: ~ t  ~ n ~ , , ~ o  W~gh~:§ ma~n m~r,,~, la~,~le ~, l~vers were 
found in the omnivorous raccoon. 

Raccoon from the D is t r i c t  of Muskoka contain higher levels of 
mercury than did members of the same species from counties in south- 
western Ontario, where FRANK et al .  (1979) report these animals to 
have mean l i ve r  and muscle mercury concentrations of 950 ppb and 54 
ppb, respectively. CUMBIE (1979) reports mercury concentrations in 
raccoon hair ,  l i ve r  and muscle as 7364 ppb, 3540 ppb and 360 ppb, 
respectively, from the southeastern United States, with a high deg- 
ree of correlat ion between raccoon hair versus l i v e r  or muscle, with 
hair mercury levels being I0 to 31 times as great as mercury in 
muscle. 

Mercury levels found in beaver are s imi lar  to t issue mercury 
concentrations reported by DROLET (1976) in one beaver from Quebec. 
DROLET (1976) also reports a mean mercury level of 1990 ppb for 
r iver  o t ter  muscle which is approximately twice the level found in 
s imi lar  t issue in the present study. 

Total mercury concentrations were s imi lar  for a l l  organs tested 
in the beaver (31 to 33 ppb). In addit ion, the percent as organic 
mercury is re la t i ve ly  constant in a l l  four organs (78.6 to 87.8 per- 
cent). In contrast, raccoon and o t ter  display s ign i f icant  to ta l  
mercury level differences among tissues in the following order: 
l i ve r  > kidney > muscle > intest ine.  The t issue order for the 
proportion of methyl mercury is reversed with intest ine > muscle > 
kidney > l i ve r .  

In the present study the lowest f ract ion of methyl mercury 
occurred in raccoon l i ve r  t issue which exhibited the greatest con- 
centration of tota l  mercury. All beaver tissues tested had a high 
ra t io  of organic to inorganic mercury. These animals would have 
l i t t l e  requirement for a demethylation process as vegetation, the 
sole food item of the beaver, contains very low amounts of mercury 
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TABLE I 

Total Mercury Content in Various Mammal Organs 

Tissue Total Mercury (ppb) 

Species N Parameter Weight I Muscle Liver Kidney Intest ine 
(kg) 

Beaver 4 X 9.96 32 32 33 31 

SD 2.06 6 8 5 3 

Raccoon 4 X 5.0 278 4528 1113 - 

SD 0.86 73 3388 308 - 

Otter 4 X 7.33 889 2973 1046 419 

SD 1.81 217 2230 276 158 

1 Animal weight does not include weight of pel t .  

TABLE 2 

Methyl Mercury Concentrations and Percentage of Total Mercury 

as Methyl Mercury in Various Mammal Organs 

Methyl Mercury 

Species Muscle Liver Kidney Intest ine 

(ppb) (%) (ppb) (%} (ppb) (%) (ppb) (%) 

Beaver 27 84.4 25 78.1 29 87.8 26 83.9 

Raccoon 235 84.5 484 10.7 425 38.2 

Otter 640 72.0 889 29.9 648 62.0 391 93.3 
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TABLE 3 

Comparison of Methyl Mercury in Tissues from Dif ferent Animals 

Average percentage of to ta l  Hg as CH3Hg 

Species Muscle Liver Kidney Reference 

Beaver 84.4 78.1 87.8 present study 

Raccoon 84.5 I0.7 38.2 " 

Otter 72.0 29.9 62.0 " 

Harbour porpoise I00 7.4-41.0 GASKIN et al. 1972 

Harbour seal 14.3 GASKIN et al. 1973 

Short-finned 42-60 2-17 14 GASKIN et al, 1974 
p i l o t  whale 

Long-snouted I00 2-I 7 " 
dolphin 

Ringed seal 72.3 5.6 SMITH and ARMSTRONG 1975 

Bearded seal O. 4 " 

Mink (exp) 1 98 46 55 JERNELOV et al. 1976 

Cat (exp) I00 80 62 ALBANUS et al. 1972 

Gray seal FREEMAN and HORNE 1973 
adult 47.1 2.8 7.2 
pup 37.6 7.9 6.5 

Harp seal " 
adult 28 5.6 
pup 27 13 16 

Harp seal RONALD et al.  1977 
control 82.2 6.1 13.1 
exp. low dose II0 60.3 47.5 
exp. high dose 93 28.5 91.4 

1 exp = experimental animals treated with methyl mercury 
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(JONASSON and BOYLE 1971). In o t te r ,  the highest proportion of 
methyl mercury was found in the in tes t ine where d i rect  absorption 
from food may be occurring. The percentage of methyl mercury 
(93.3%) found in the in tes t ine  corresponds closely with the estab- 
l ished percentage of methyl mercury in f i sh  (BISHOP et al. 1975, 
WESTO0 1973, LOCKHART et al. 1972). Fish represent the pr incipal  
food of ot ter .  The percentages of methyl mercury in l i v e r  and kid- 
ney are much lower than in f i sh  and would suggest that some demethy- 
lat ion process is occurring in both raccoon and o t ter .  

Table 3 compares the f ract ion of tota l  mercury as methyl 
mercury in t issues reported from a number of d i f fe rent  mammals. With 
the exception of the herbivorous beaver, al l  wi ld animals show re- 
duced proportions of methyl mercury in l i v e r  and kidney compared to 
muscle t issues. In seal l i ve r s ,  the percentage of organic mercury 
is generally very low ranging from 0.38% (SMITH and ARMSTRONG 1975) 
to 14.3% (GASKIN et al. 1972). Lowest methyl mercury f ract ion in 
the l ivers  of  harbour seals (Phoca v i t u l i na )  and harbour porpoises 
(Phocoena phocoena) were found in those specimens containing the 
highest l i v e r  total  mercury levels (GASKIN et al. 1973, GASKIN et 
al. 1972). Liver t issue in the short- f inned p i l o t  whale also con- 
ta in the highest level of any t issue tested from these animals 
(GASKIN et al. 1974, STONEBURNER 1978) with only 2-17 percent rep- 
orted as methyl mercury (GASKIN et al. 1974). 

FREEMAN and HORNE (1973) and UTHE (1972) have suggested that  
seals may have enzyme systems capable of converting tox ic  organic 
mercury to the less tox ic  inorganic form. This process may occur 
in the l i ve r  and kidney as these organs contain the lowest percent- 
age of methyl mercury. In a series of feeding experiments, JERNELOV 
et al. (1976) report a methyl mercury degradation process in mink. 
I t  is suggested that the degrading capacity is greater than in cats 
but not as great as in marine mammals and that the differences may 
have some evolut ionary explanation. 

Findings from th is  study indicate that  posit ion in the food 
chain influences mercury levels in te r res t i a l  animals. The data 
also suggests that a demethylation process is present in the l i ve r  
and kidneys of wi ld animals of the PreCambrian Shield natural ly  ex- 
posed to high levels of mercury. I f  some evolut ionary signif icance 
is attached to the presence of a methyl mercury degrading process, 
one may speculate that animal species exh ib i t ing  such a capacity 
have been exposed to high mercury levels in the i r  diets throughout 
long periods of geological time. 
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