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Mercury has no known b i o l o g i c a l  f u n c t i o n s  i n  the animal 
body and i s  descr ibed as an u l t r a t r a c e  element ( L a l l  
1989). Consequently,  there  i s  no we l l  def ined r e g u l a t o r y  
mechanism present  i n  the animal body and i t  tends to 
accumulate r e a d i l y  i f  a v a i l a b l e  i n  an an ima l ' s  
environment.  Sources o f  mercury i nc lude  the c h l o r o a l k a l i  
i n d u s t r y ,  the manufacture o f  e l e c t r i c a l  equipment, 
p a i n t ,  f u n g i c i d e s  and d e n t i s t r y  (WHO 1989). The use ,)f 
mercury i n  the go ld  mining i n d u s t r y  has caused ex tens i ve  
p o l l u t i o n  i n  the Amazon Basin ( M a r t i n e l l i  e t  a l .  1988). 
Whether f i s h  take up organ ic  or i no rgan i c  mercury, most 
o f  i t  accumulates i n  the t i s s u e s  i n  the o rgan ic  form 
(WHO 1989). Most cases o f  mercury po ison ing  a r i s i n g  
from f i s h  consumption are due to methylmercury because 
mercury e n t e r i n g  the aqua t i c  system r a p i d l y  becomes 
methy lated (3ensen and Jerne lov  1969). Minamata disease 
i n  humans was f i r s t  repor ted i n  1956 due to consumption 
o f  contaminated f i s h  and s h e l l f i s h  from Minamata Bay 
(Mance 1987). Therefore i t  i s  impor tant  to moni tor  the 
mercury content  o f  f i s h  which are caught or farmed f o r  
human consumption. Since many commercial animal feeds 
con ta i n  a f i s h  meal component, mon i to r ing  i s  impor tant  
from the aspect o f  con tamina t ion  o f  farm animals 
in tended f o r  human consumption. Oreochromis aureus 
(Ste indachner)  i s  a species o f  t i l a p i a  o f t e n  c u l t u r e d  
i n  ponds (Hepher and P r u g i n i n  1982) and a lso i n  cages 
i n  North and L a t i n  America. Therefore ,  i t  i s  a s u i t a b l e  
model to use f o r  s tudy ing  the e f f e c t s  o f  mercury 
exposure on the d i s t r i b u t i o n  o f  mercury i n  d i f f e r e n t  
t i s s u e s  o f  f i s h .  D i s t r i b u t i o n  i s  impor tan t ,  because 
d i f f e r e n t  c u l t u r e s  consume d i f f e r e n t  f i s h  organs, not 
j u s t  the muscle p o r t i o n  alone.  The t i s s u e s  which have a 
h igh content  o f  mercury w i l l  be most dangerous from a 
t o x i c o l o g i c a l  v i e w p o i n t  (Hendricks and Ba i l ey  1989). 
Removal o f  the t i s s u e s  known to  con ta in  the h ighes t  
concen t ra t i ons  o f  mercury would reduce the mercury 
content  o f  f i s h  meal. Since f i s h  are o f t e n  spec ies-  
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s p e c i f i c  i n  t h e i r  responses to  heavy meta ls  
1991), i t  i s  impor tan t  to s tudy  a spec ies  
a c t u a l l y  farmed and c u l t u r e d  as a food f i s h .  

( S o r e n s e n  
w h i c h  i s  

MATERIALS AND METHODS 

0. aureus were purchased from the Pr imary P r o d u c t i o n  
Department, Freshwater  F i s h e r i e s  Labo ra to r y ,  S ingapore.  
P r i o r  to  e x p e r i m e n t a t i o n  the f i s h  were ma in ta i ned  i n  
120-L g lass  aqua r ia  f o r  a minimum o b s e r v a t i o n  p e r i o d  o f  
one month, to  ensure t h a t  they  were d i s e a s e - f r e e .  The 
f i s h  ranged from 90 to  130 mm i n  t o t a l  l e n g t h .  Dur ing 
the exper iments  the f o l l o w i n g  c o n d i t i o n s  a p p l i e d  to  the 
water :  The tempera ture  ranged from 25.5 to 28.5 Oc; 
oxygen c o n c e n t r a t i o n  d id  not f a l l  below 7.7 mg L - i ;  
hardness ranged from 9.10 to  11.88 mg L - I  as ca lc ium 
and 0.83 to  1.00 mg L - I  as magnesium; pH ranged from 6.1 
to  6 .5 .  A l l  aqua r i a  and g lassware used were presoaked i n  
a s o l u t i o n  o f  5% ( v / v )  n i t r i c  ac i d  to  remove any 
c o n t a m i n a t i n g  heavy meta ls .  The f i s h  were randomly 
ass igned to  p l a s t i c  aqua r i a ,  one f i s h  per tank ,  each 
tank c o n t a i n i n g  25 L o f  tap water .  The number o f  f i s h  
was 24  f o r  each o f  the 6 t r ea tmen ts  and c o n t r o l s .  
However, t i s s u e s  from o n l y  12 f i s h  per t r ea tmen t  were 
ana lyzed f o r  mercury c o n t e n t .  T issues  from the remain ing  
12 f i s h  were used f o r  o the r  ana lyses ,  except  f o r  the 
gonads, which were r e q u i r e d  f o r  mercury a n a l y s i s .  Both 
gonads from each f i s h  were combined f o r  mercury 
a n a l y s i s .  A l l  chemica ls  used were purchased from Merck 
(Darmstadt,  6ermany) and were o f  the h i g h e s t  p u r i t y  
a v a i l a b l e .  A s tock s o l u t i o n  o f  1 g L - I  mercury was made 
i n  double d i s t i l l e d  water  from mercury ( I f )  c h l o r i d e .  
The volumes oE stock s o l u t i o n  r e q u i r e d  to  o b t a i n  the 
des igna ted  c o n c e n t r a t i o n s  o f  0 .5  or 0.1 mg L - I  were 
added to the tanks. No additions were made to the 

c o n t r o l  tanks .  The f i s h  were fed ad l i b i t u m  on a 
commercial p e l l e t  food du r i ng  the expe r imen ta l  p e r i o d ,  
but food was w i t h e l d  f o r  the f i r s t  24 hr o f  each 
exper iment  and f o r  24 hr p r i o r  t o  s a c r i f i c e .  Every 48 
h r ,  10 I_ o f  water were s iphoned from each tank,  e n a b l i n g  
feces and uneaten food to  be removed. Subsequen t l y ,  10 L 
o f  tap water c o n t a i n i n g  the des igna ted  c o n c e n t r a t i o n  o f  
mercury were added to  each tank ,  w i t h  the e x c e p t i o n  o f  
the c o n t r o l  tanks which r ece i ved  10 L o f  water  w i t h o u t  
m e r c u r y .  

F ish  were s a c r i f i c e d  by d e c a p i t a t i o n .  Red-Tip 
m i c r o h e m a t o c r i t  c a p i l l a r y  tubes (Monoject ,  USA)  were 
used f o r  the c o l l e c t i o n  o f  b lood from the severed dorsa l  
a o r t a .  Plasma was ob ta i ned  by c e n t r i f u g i n g  the c a p i l l a r y  
tubes a t  11800 RPM (RCF = 14000 x g) f o r  5 min i n  a 
M i c r o - h e m a t o c r i t  Mk.5 c e n t r i f u g e  (Hawksley and Sons 
L t d . ,  Eng land) .  The b i l e  was removed from the g a l l  
b ladder  w i t h  a I mL i n s u l i n  s y r i n g e  (Monoject ,  USA). 
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Tissues were d issec ted  f ree  and r i nsed  i n  0.9% (w/v) 
s a l i n e ,  b l o t t e d  dry,  weighed i n t o  100 mL con i ca l  f l a s k s  
and placed i n  a d ry ing  oven a t  60 ~ u n t i l  constant  
weight  was a t t a i n e d .  The d r i ed  t i s s u e s  were d igested 
us ing the wet o x i d a t i o n  method descr ibed by Gergely e t  
a l .  (1977), except t h a t  16 mL o f  concent ra ted n i t r i c  
ac id  was used, ins tead o f  s u l p h u r i c  ac id ,  f o r  d i g e s t i o n  
at  60 o C. Tissue samples from f i s h  which had not been 
exposed to mercury were spiked w i t h  known q u a n t i t i e s  o f  
mercury ( I f )  c h l o r i d e  or methyl mercury c h l o r i d e  and run 
through the e n t i r e  procedure to a s c e r t a i n  the percentage 
recovery o f  i n o r g a n i c  and organ ic  mercury, r e s p e c t i v e l y .  
The median recover ies  f o r  mercury ( I I )  c h l o r i d e  and 
methyl mercury chloride were 97.1 and 89.9 % 
r e s p e c t i v e l y .  Ana l ys i s  of t o t a l  mercury (organ ic  + 
i no rgan i c )  con ten t ,  us ing a Perk in-Elmer (Model MAS 50B, 
USA) mercury ana lyzer  system, was based on the method o f  
Hatch and Ot t  (1968) as employed by Gergely et a l .  
(1977). Ac i d -d i ges ted  t i s s u e s  and a c i d i f i e d  standards 
were o x i d i z e d  w i t h  excess potassium permanganate and 
made up to a volume o f  100 mL in  BOD b o t t l e s  w i t h  double 
d i s t i l l e d  water.  Any remaining potassium permanganate 
was deco lo r i zed  by the a d d i t i o n  o f  5 mL o f  1.5 % 
hydroxylamine h y d r o c h l o r i d e  s o l u t i o n .  Mercury was 
reduced to i t s  elemental  form by the a d d i t i o n  o f  5 mL o f  
I0 % t i n  ( I I )  c h l o r i d e  and measured by the co ld -vapor  
atomic abso rp t i on  p r i n c i p l e .  

As the majority of the data were not normally 
distributed, nonparametric statistical analyses were 
applied. For comparisons between one test group and one 
control group, the Mann-Whitney Test (two-tailed; ~ = 
0.05) (Zar 1984) was used to test equality of medians. 
For comparisons involving 3 or more independent 
groups, the Kruskal-Wallis One-Way Analysis of Variance 
was used with the appropriate nonparametric multiple 
comparison test (Zar 1984; Equations 12.27 and 12.28). 

RESULTS AND DISCUSSION 

T a b l e  1 shows  t h e  e f f e c t s  o f  e x p o s i n g  O. a u r e u s  t o  0 . 1  
mg L -1  m e r c u r y  f o r  12 a n d  24 h r  a n d  f o r  1 wk on  t h e  
m e r c u r y  c o n t e n t  o f  v a r i o u s  t i s s u e s ,  A l l  s a m p l e s  t a k e n  
from treated fish, including plasma and bile, were 
significantly higher in mercury content (P < 0.05) than 
the respective tissues from control fish. Furthermore, 
each tissue exhibited a progressive increase in mercury 
concentration with increasing exposure time. For the 12 
hr exposure, the mercury concentration in tissues was in 
the order kidney > spleen > gill filaments > intestine > 
brain > testes > liver > ovaries > caudal muscle. F~Jr 
tissue mercury concentrations compared by the Kruskal- 
Wallis One Way ANOVA, kidney contained a significantly 
higher mercury concentration when compared with caudal 
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Table I .  Tissue mercury l eve l s  (~g Hg g-1 
0.  a u r e u s  exposed to 0.1 mg, L - I  mercurym 

Liver 1 
Liver 2 
Liver 3 

Control  
Median(n)[  Range ] 

0 .00 (12 ) [0 .00 -0 .01 ]  
0 .02 (12 ) [ 0 .01 -0 .05 ]  
0 .01 (12 ) [0 .00 -0 .03 ]  

wet weight) in 

Test 
Median(n) [ Range ] 
0 .31 ' (12 )  CD [0 .12 -1 .14 ]  
3 .74*(12)BCDE[o.93- t3 .h]  
11.3 ' (12)  BC [3 .47 -22 .9 ]  

Brain 1 
Brain 2 
Brain 3 

0 .00 (12 ) [ 0 .00 -0 .13 ]  
0 . 05 (12 ) [ 0 .00 -0 .14 ]  
0 .05 (12 ) [ 0 .00 -0 .14 ]  

0 . 6 5 ' ( 1 2 )  BcD [ 0 . 2 0 - 0 . 8 6 ]  
3 . 7 6 ' ( 1 2 )  CDE [ 1 . 5 8 - 8 . 1 8 ]  
1 0 . 6 ' ( 1 2 )  SC [ 5 , 2 1 - 1 6 , 3 ]  

G i l l s  1 
G i l l s  2 
G i l l s  3 

0 .01 (12 ) [ 0 .00 -0 .02 ]  
0 .02 (12 ) [ 0 .01 -0 .05 ]  
0 .01 (12 ) [ 0 .00 -0 .02 ]  

4 .58 '  (12) AB 
24 .3 '  (12) A8 
21.4~(12) AS 

[0 .95 -9 .60 ]  
[ 14 .1 -35 .8 ]  
[ 15 .4 -32 .5 ]  

I n tee t ine lo .01 (12 ) [O .O0-O.02 ]  
In tes t ine20 .02(12) [O.01-O.07 ]  
In tes t ine30.02(12) [O.O0-O.03]  

2.55'(12) ABC [0.34-35.4] 
5.21~(12) BCD [2.66-10.6] 
11.7'(12) BC [4.30-20.3] 

C.muscle 1 
C.muscle 2 
C.muscle 3 

Spleen 1 
Spleen 2 
Spleen 3 

Kidney1 
Kidney z 
Kidney 3 

Ovaries 1 
Ovaries 2 
Ovaries 3 

0 .01 (12 ) [ 0 .01 -0 .02 ]  
0 .01 (12 ) [ 0 .00 -0 .05 ]  
0 .01 (12 ) [ 0 .00 -0 .02 ]  

0 .05 (12 ) [ 0 .00 -0 .22 ]  
0 .10 (12 ) [ 0 .00 -0 .52 ]  
0 .11 (12 ) [ 0 .00 -0 .24 ]  

0 .04 (12 ) [ 0 .00 -0 .17 ]  
0 . 08 (12 ) [ 0 .00 -0 .26 ]  
0 .06 (12 ) [ 0 .00 -0 .15 ]  

0 .11 ' (12 )  D 
0 .30 ' (12 )  E 
0.47~(12) C 

5.61'(12) AS 
16.0'(12) ABC 
23.4~(12) AB 

[0.04-0.16] 
[0.16-0.88] 
[0.13-1.19] 

[ 1 .73 -9 .46 ]  
[ 7 .67 -28 .9 ]  
[ 11 .8 -58 .7 ]  

12.5~(12) A [6 .28 -15 .6 ]  
67.4~(12) A [38.1-113 ] 
2085(12) A [ 156-432 ] 

0 .00 (13 ) [0 .00 -0 .02 ]  0 .21 ' (20 )  
0 .05 (19 ) [0 .00 -0 .20 ]  2 .45 ' (17 )  
0 .04 (17 ) [ 0 .00 -0 .12 ]  1 .48 ' (15)  

[ 0 .02 -0 .56 ]  
[ 0 .90 -9 .25 ]  
[ 1 .48 -7 .85 ]  

Testes I 0 . 0 2 ( I i ) [ 0 . 0 0 - 0 . 2 0 ]  0.34*(4)  [ 0 .15 -0 .65 ]  
Testes 2 0.11(7) [ 0 .07 -0 .60 ]  4.99*(5)  [ 0 .91 -10 .6 ]  
Testes 3 0.00(6) [ 0 .00 -0 .05 ]  4.79~(8) [ 0 .82 -14 .7 ]  

Eye 2 0 .02 (12 ) [ 0 .00 -0 .03 ]  0.67~(12> DE [0 .23 -0 .77 ]  

B i l e  I 0 . 01 (11 ) [ 0 .00 -0 .07 ]  0.07~(12) [ 0 .05 -0 .27 ]  
B i l e  2 0 .02 (12 ) [ 0 .00 -0 .05 ]  1.73~(12) [0.36-158 ] 
B i l e  3 0 .01 (12 ) [ 0 .01 -0 .03 ]  3.92~(12) [ 0 .50 -9 .01 ]  

Plasma I 0 .03 (12 ) [ 0 .00 -0 .06 ]  0 .20 ' (12 )  [ 0 .13 -0 .37 ]  
Plasma 2 0 .00 (12 ) [ 0 .00 -0 .05 ]  0.76~(12) [ 0 .52 -1 .16 ]  
Plasma 3 0 .01 (12 ) [ 0 .00 -0 .05 ]  1.62~(12) [ 0 .72 -2 .47 ]  

= S i g n i f i c a n t l y  d i f f e r e n t  from respec t i ve  c o n t r o l .  
Supersc r ip t  numbers: 1 = 12 hr; 2 = 24 hr; 3 = 1 wk. 
Detec t ion  l i m i t  = 0.01 ~g Hg g-1 wet weight o f  t i s sue .  
S im i la r  supe rsc r i p t s  denote no s i g n i f i c a n t  d i f f e r e n c e  
between t e s t  t i ssues  at same time i n t e r v a l s .  
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muscle, l i v e r  and b ra in .  Caudal muscle accumulated a 
s i g n i f i c a n t l y  lower c o n c e n t r a t i o n  o f  mercury than 
spleen,  g i l l  f i l a m e n t s  and i n t e s t i n e .  

A f t e r  24 hr exposure to 0. I mg L - I  mercury, t i s s u e  
accumulat ion o f  mercury was i n  the order k idney > g i l l  
f i l a m e n t s  > spleen > i n t e s t i n e  > tes tes  > b ra in  > l i v e r  
> ova r ies  > eye > caudal muscle. Kidney conta ined a 
s i g n i f i c a n t l y  h igher  c o n c e n t r a t i o n  o f  mercury than 
caudal muscle, eye, l i v e r ,  b ra i n  and i n t e s t i n e  w h i l e  
caudal muscle conta ined a s i g n i f i c a n t l y  lower 
c o n c e n t r a t i o n  o f  mercury than g i l l  f i l a m e n t s ,  spleen and 
i n t e s t i n e .  

A f t e r  1 wk exposure to 0.1 mg L - I  mercury the order o f  
mercury c o n c e n t r a t i o n  i n  the t i s s u e s  was kidney > spleen 
> g i l l  f i l a m e n t s  > i n t e s t i n e  > l i v e r  > b ra in  > tes tes  > 
ova r ies  > caudal muscle. Amongst the t i s s u e s  
s t a t i s t i c a l l y  compared f o r  mercury c o n c e n t r a t i o n ,  k idney 
conta ined a s i g n i f i c a n t l y  h igher  l e ve l  o f  mercury than 
caudal muscle, b ra in ,  l i v e r  and i n t e s t i n e .  Caudal muscle 
was found to  have s i g n i f i c a n t l y  less mercury than spleen 
and g i l l  f i l a m e n t s .  

- i  The e f f e c t s  o f  b, 12 and 24 hr exposure to 0.5 mg L 
mercury on t i s s u e  mercury concen t ra t i ons  of  O. aureus 
are shown i n  Table 2. In  a l l  t i s sues  and b i l e ,  there was 
a s i g n i f i c a n t  increase i n  mercury c o n c e n t r a t i o n  above 
the c o n t r o l  l e v e l s .  The plasma showed s i g n i f i c a n t  
e l e v a t i o n s  of  mercury c o n c e n t r a t i o n  on ly  f o r  exposure 
per iods  o f  12 and 24 hr .  In b i l e ,  plasma and a l l  t i s sues  
except b ra in ,  there  was a p rogress ive  increase i n  
mercury c o n c e n t r a t i o n  w i t h  i nc reas ing  t ime of  exposure. 
For b hr exposure to 0.5 mg L - I  mercury, the order i n  
which t i s s u e s  accumulated mercury was g i l l  f i l a m e n t s  > 
k idney > spleen > b ra in  > l i v e r  > i n t e s t i n e  > caudal 
muscle. G i l l  f i l a m e n t s  accumulated a s i g n i f i c a n t l y  
h igher  c o n c e n t r a t i o n  o f  mercury than caudal muscle, 
i n t e s t i n e  and l i v e r .  Caudal muscle mercury content  was 
s i g n i f i c a n t l y  lower than the mercury content  o f  spleen.  

A f t e r  12 hr exposure to 0.5 mg L - I  mercury, t i s s u e  
mercury accumulat ion was i n  the order kidney > g i l l  
f i l a m e n t s  > spleen > tes tes  > l i v e r  > i n t e s t i n e  > b ra in  
> ova r ies  > caudal muscle. Kidney mercury con ten t  was 
s i g n i f i c a n t l y  h igher  than the mercury content  o f  cau,l.~l 
muscle, b ra i n ,  i n t e s t i n e  and l i v e r .  The mercury content  
o f  caudal muscle was s i g n i f i c a n t l y  lower than the 
mercury content  o f  the spleen and g i l l  f i l a m e n t s .  

A f t e r  24 hr exposure to 0.5 mg L -1 mercury t I ~  
accumulat ion p r o f i l e  was kidney > g i l l  f i l a m e n t s  > 
spleen > i n t e s t i n e  > l i v e r  > b ra in  > tes tes  > ova r ies  > 
caudal muscle. There was a s i g n i f i c a n t l y  h igher  mercury 

679 



wet weight) in Table 2. Tissue mercury l eve l s  (~g Hg g- I  
0. aureus  exposed to 0.5 mg L - I  mercury. 

Control  

Median(n)[ Range ] 
Liver I 0.06(12)[0.00-0.42] 
Liver 2 0.00(12)[0.00-0.01] 
Liver 3 0.02(12)[0.00-0.04] 

Test 

Median(n) [ Range ] 
0.29'(12) BC [0.13-1.06] 
0.57'(12) BC [0.44-1.38] 
1.51'(12) CD [0.42-26.6] 

Brain I 0 . 09 (12 ) [ 0 .00 -1 .50 ]  1.145<12) ABC 
Brain 2 0 .00 (12 ) [ 0 .00 -0 .19 ]  0 .38 ' (12 )  BC 
Brain 3 0 .07 (12 ) [ 0 .00 -0 .23 ]  1 .34 ' (12)  CD 

[0.61-4.52] 
[0.00-1.20] 
[0.75-3.61] 

G i l l  I 0 . 07 (12 ) [0 .01 -0 .27 ]  7.90~(12) A [3 .55 -45 .0 ]  
G i l l  2 0 .00 (12 ) [0 .00 -0 .03 ]  12.8~(12) A [8 .75 -36 .4 ]  
G i l l  3 0 .04 (12 ) [0 .00 -0 .09 ]  30.21(12) AB [19 .6 -36 .7 ]  

[0.00-0.21] 
[0.00-0.07] 
[0.00-0.06] 

Intestinelo.02(12 
Intestine20.O0(12 
Intestine30.03(12 

C.muscle I 0.02(12 
C.muscle 2 0.05(12 
C.muscle 3 0.02(12 

[0.01-0.02] 
[0.00-0.01] 
[0.00-0.06] 

Spleen I 0 .21 (10 ) [0 .01 -0 .82 ]  
Spleen 2 0.16(12) [0 .00--0 .83]  
Spleen 3 0 .77 (12 ) [0 .04 -1 .42 ]  

0.27~(12) BC 
0.44~(12) BC 
4.75~(12) BC 

[0.18-1.03] 
[0.24-1.31] 
[3.01-11.1] 

0.03~(12) C 
0.I0~(12) C 
0.19~(12) D 

[0.03-0.03] 
[0.04-0.2/] 
[0.07-0.27] 

1.43'(II) AB [0.68-7.27] 
3.90'(12) AB [1.76-10.7] 
8.27'(12) ABC [3.26-14.0] 

Kidney I 0 . 50 (10 ) [ 0 .23 -0 .87 ]  6 .19 ' (11 )  A [2 .22 -27 .7 ]  
Kidney 2 0 .18 (12 ) [0 .00 -0 .35 ]  35 .0 ' (12 )  A [22.7-111 ] 
Kidney 3 0 .26 (12 ) [0 .01 -0 .56 ]  73 .5 ' (12)  A [11.6-141 ] 

Ovaries 2 0.00(9) [0.00-1.72] 0.19~(12) [0.01-0.94] 
Ovaries 3 0.01(16)[0.00-0.55] 0.50~(17) [0.09-1.25] 

Testes 2 0.25(4) [ 0 .11 -0 .43 ]  
Testes 3 0.21(6) [0 .07 -0 .33 ]  

0.78 * 4) 
1.01 * 8) 

Bile I 0.02(18)[0.00-0.23] 0.06 ~ 
Bile 2 0.01(12)[0.00-0.27] 0. I0 ~ 
Bile 3 0.03(12)[0.00-0.06] 0.38 ~ 

[0.69-0.92] 
[0.01-1.41] 

19) [ 0 .02 -0 .16 ]  
12) [ 0 .04 -1 .03 ]  
12) [ 0 .08 -1 .40 ]  

Plasma I 0.00(6) [0.00-0.35] 0.00 (7) [0.00-2.86] 
Plasma 2 0.06(12)[0.00-0.13] 0.66~(12) [0.09-4.83] 
Plasma 3 0.04(12)[0.00-0.23] 0.92'(II) [0.58-1.91] 

= Significantly different from respective control. 
Superscript numbers: 1 = 6 hr; 2 = 12 hr; 3 = 24 hr. 
Similar superscript letters denote no significant 
difference between test tissues at same time intervals. 
Detection limit = 0.01 ~g Hg g-1 wet weight of tissue. 
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content in  the kidney than in  i n t e s t i n e ,  l i v e r ,  bra in  
and caudal muscle. Caudal muscle had a s i g n i f i c a n t l y  
lower mercury concent ra t ion  than g i l l  f i l a m e n t s ,  spleen 
and i n t e s t i n e .  Exposure to 0.1 or 0.5 mg L -1 mercury 
resu l ted  in s i m i l a r  mercury concentra t ions in  the bra in  
and l i v e r  at  a l l  exposure i n t e r v a l s .  In mammals, the 
mercury content o f  the bra in  i s  u s u a l l y  much lower than 
the l i v e r  (Magos 1987;  WHO 1989). These d i f f e rences  
may be exp la ined by a be t te r  developed b lood-bra in  
b a r r i e r  in  mammals. 

Fresh water f i s h e s  dr ink l i t t l e  water in comparison wi th  
marine f i shes  (Eddy 1981), t he re fo re  the g i l l s  might be 
expected to be the pr imary route f o r  the uptake of  
waterborne p o l l u t a n t s  (A l len  et  a l .  1988), the gut 
p lay ing  a secondary r o l e ;  Kuroshima (1992) supports 
t h i s  hypothesis.  In the present study,  kidney appeared 
to be the t a r g e t  t i s sue  f o r  mercury during acute 
exposures, s ince the kidney accumulated median 
concentrat ions as high as 298 ~g Hg g-1 a f t e r  a I wk 
exposure to on ly  0.1 mg L -~ mercury. Even 12 hr o f  
exposure to t h i s  concent ra t ion e leva ted  kidney mercury 
l e v e l s  to a f a r  higher concent ra t ion  than in any other 
organ. Only where the exposure periods were very shor t  
did other organs equal the mercury seques t ra t ion  shown 
by the kidney, e . g . ,  6 hr exposure to 0.5 mg L -1 mercury 
resu l t ed  in  s i m i l a r  mercury concentrat ions in the g i l l  
and kidney. The g i l l  and kidney a lso accumulated s i m i l a r  
mercury concentra t ions when exposed to I mg L - I  mercury 
f o r  2 hr (A l len  et  a l .  1988). Hilmy e t  a l .  (1987) found 
a s i m i l a r  rap id  increase in the mercury concentra t ion of  
the kidney, l i v e r  and g i l l s  o f  Cla r i as  lazera exposed to 
inorganic  d i v a l e n t  mercury. In t h e i r  study, kidney 
accumulated the highest  concent ra t ion  of  mercury. 
Mercury i s  present in  the kidney, l i v e r  and g i l l s  
predominant ly in the form o f  a complex wi th  
m e t a l l o t h i o n e i n  (MT) (Marafante 1976). MT is  
respons ib le  f o r  the long-term s t a b i l i t y  of  mercury in 
the kidney (Hilmy et  a l .  1987). Cuv in-Ara lar  and 
Furness (1990) a lso found the kidney of  Phoxinus 
phoxinus accumulated mercury to a higher concentra t ion 

- i  than any other t i s sue  a f t e r  exposure to 0.1 ~g L 
mercury f o r  i wk, wh i le  the v i s c e r a l  remains and muscle 
contained the lowest concentra t ions of  mercury. 

Since the f i s h  in  the present study were not fed f o r  the 
f i r s t  24 hr o f  exposure, any mercury en te r ing  the 
i n t e s t i n e  could not have o r i g i n a t e d  from food which 
adsorbed the mercury from the water. Therefore, a f t e r  24 
hr exposure to 0..5 mg L -1 mercury the i n t e s t i n a l  
concent ra t ion o f  4.75 ~g Hg g-1 probably o r i g i n a t e d  from 
mercury complexes in  the b i l e  en te r ing  the i n t e s t i n e .  I t  
i s  a lso f e a s i b l e  tha t  the plasma could have con t r ibu ted  
to the mercury content of  the i n t e s t i n e .  B i l e  p lays an 
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important ro le  in  the d i s t r i b u t i o n  of  heavy metals from 
the liver to the different tissues (Klaassen 1976). 
Many heavy metals form conjugates wi th  reduced 
g lu ta th i one ,  cys te ine  o r  other t h i o l s  in the l i v e r .  
These metal conjugates are then excreted into the bile 
and enter the intestine (Grahl et al. 1985; Allen et 
al. 1988). However, some of these metal conjugates are 
then reabsorbed into the body via the intestine 
(Klaassen 1976). Exposure to mercury at 0.5 and 0. I mg 
L -1 f o r  d i f f e r e n t  per iods resu l t ed  in exc re t i on  of  
mercury in the b i l e ,  ~eaching 3.92 ~g Hg g- I  b i l e  a f t e r  
exposure to 0.1 mg L - i  mercury f o r  1 wk. Therefore, b i l e  
appears to p lay an important r o l e  in the in te rorgan 
d i s t r i b u t i o n  of  mercury in f i s h e s .  

The sa fe t y  l e v e l  f o r  f i s h ,  and f i s h  products, intended 
fo r  human consumption i s  0.5 ~g g - I  wet weight 
(Sorensen 1991). In the present study the median caudal 
muscle concent ra t ion almost exceeded t h i s  sa fe t y  l e v e l .  
However, in the Far East many cu l t u res  consume whole- 
f i s h ,  wh i le  others p r e f e r e n t i a l l y  eat gonads, g i l l s ,  
eyes and other t i ssues .  These d i e t a r y  preferences could 
lead to dangerous d i e t a r y  l e v e l s  of  mercury since the 
present study has demonstrated l e v e l s  of  mercury above 
the sa fe t y  l eve l  in t i ssues  other than caudal muscle. 
The mercury burden of  f i s h  meal could be reduced i f  the 
v i sce ra ,  kidney and g i l l  f i l amen ts  were removed from 
f i s h  p r i o r  to processing. Mercury was found to be 
preferentially concentrated in the gill filaments, 
spleen and kidney. These tissues had exceeded the safety 
level within 6 hr of exposure. It is conceivable that 
fish in contact with highly contaminated sediments from 
chloralkali plants could be exposed to very high mercury 
concentrations for short periods of time. Mercury 
concentrat ions ranging from 0.27 to 1.7 ug g - I  dry 
weight have been reported from the sediments in the 
v i c i n i t y  of c h l o r a l k a l i  p lan ts  (WHO 1989). 
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