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The c o n v e r s i o n  of  i n o r g a n i c  mercury i n t o  the more 
t o x i c  monomethyl form has long been recogn i zed  as a 
p o t e n t i a l l y  c r i t i c a l  s tep in  the env i r onmen ta l  be- 
h a v i o u r  of  t h i s  heavy metal (JENSEN and JERNELOV 1969) .  
A l though  a l a rge  v a r i e t y  o f  mechanisms of  t r a n s f o r m a -  
t i o n  have been s t u d i e d  and d e s c r i b e d ,  we are s t i l l  
q u i t e  unable to make q u a n t i t a t i v e  p r e d i c t i o n s  o f  the 
r a t e  a t  which such a c o n v e r s i o n  m igh t  take p lace in  the 
env i ronmen t  (KRENKEL 1973, NAS 1978).  Indeed ,  con- 
s i d e r a t i o n  of  a " m e t h y l a t i o n  r a t e "  may be i n a p p r o p r i a t e ,  
s ince  r e d u c t i o n  o f  o r g a n i c  mercury to i n o r g a n i c  and 
u l t i m a t e l y  to e lementa l  mercury c e r t a i n l y  takes p lace 
(FURUKAWA e t  a l .  1969, SUMMERS and SILVER 1972, 
rev iewed by SUMMERS and SILVER 1978) .  In f a c t ,  an 
e q u i l i b r i u m  d i s t r i b u t i o n ,  or p a r t i t i o n i n g ,  a t  l e v e l s  
de te rmined  by the na tu re  o f  the s u b s t r a t e ,  may be a 
b e t t e r  o b j e c t  o f  s tudy  (MILLER e t  a l .  1977) .  

The work r e p o r t e d  here was under taken to de te rm ine  
whether  the v a r i o u s  processes i n v o l v e d  could combine 
i n t o  a r e p r o d u c i b l e  e q u i l i b r i u m  in a model of  a 
n a t u r a l  sys tem,  to examine p a r t i t i o n i n g  o f  both m e t h y l -  
mercury and i n o r g a n i c  mercury between sed iment  and 
w a t e r ,  and to de te rm ine  the r a t e - l i m i t i n g  s tep in  the 
process l e a d i n g  u l t i m a t e l y  to uptake o f  me thy lmercu ry  
by f i s h .  S p e c i f i c a l l y ,  we wished to i n v e s t i g a t e  the 
e f f e c t  o f  the presence o f  f i s h  in  the wa te r  column 
on the l e v e l  of  mercury found in  w a t e r ,  and on the 
apparen t  r a t e  o f  m e t h y l a t i o n  by sed iment .  

NETHODS 

I n o r g a n i c  mercury in  the form of  2~ was 
added to r i v e r  sed iments  of  th ree  t y p e s ,  namely coarse 
sand, a m i x t u r e  o f  f i n e  s i l t  and woodch ips ,  and pure 
woodch ips ,  taken from the Ottawa R i v e r ,  a t  the l e v e l  
of  a p p r o x i m a t e l y  1.0 ppm on a d r y - w e i g h t  b a s i s .  5 cm 
o f  l a b e l l e d  sed iment  was p laced in  g lass  tubes ( i n s i d e  
d iame te r  8 cm) to which was added n a t u r a l  r i v e r  water  
to a depth o f  20 cm ( I  L) and, in  h a l f  o f  the t ubes ,  
f o u r  small  g o l d f i s h .  The f i s h  were separa ted  from the 
sed iment  by a p l a s t i c  sc reen ,  s ince  an e a r l i e r  e x p e r i -  
ment had i n d i c a t e d  s u b s t a n t i a l  suspens ion  of  sed imen ta ry  
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m a t e r i a l  due to the a c t i v i t y  o f  the f i s h  themse lves .  
At  v a r i o u s  i n t e r v a l s ,  sed iment  and wa te r  (whole and 
f i l t e r e d )  were e x t r a c t e d  by benzene d i t h i z o n a t e ,  i n -  
o r g a n i c  and me thy lmercu ry  were separa ted  by TLC and 
measured by gamma-count ing.  That the o r g a n i c  mercury 
was d e t e c t e d  was indeed me thy lmercu ry  was v e r i f i e d  by 
GLC a n a l y s i s .  

RESULTS AND DISCUSSION 

In F igure  1 i s  p resen ted  the percen tage  o f  mercury 
p resen t  in  the methyl  form in sed iments  and in the ove r -  
l y i n g  w a t e r ,  f o r  a th ree-week  p e r i o d .  Resu l t s  ob ta i ned  
e a r l i e r  i n d i c a t e  e q u i l i b r i u m  is  e s s e n t i a l l y  ach ieved 
w i t h i n  t h i s  t ime ( u n p u b l i s h e d ) .  

The f i n a l  c o n c e n t r a t i o n s  o f  me thy lmercu ry  and i n -  
o r g a n i c  mercury in  sed iments  and in o v e r l y i n g  wa te r  
are r e p o r t e d  in Table I ,  a long w i t h  p a r t i t i o n  c o e f f i -  
c i e n t s .  I t  may be observed t h a t  more o r g a n i c  mercury 
was produced in h i g h l y  o r g a n i c  sed iments  than in sand; 
however ,  the p a r t i t i o n  c o e f f i c i e n t s  are such t h a t  the 
me thy lmercu ry  c o n c e n t r a t i o n  in the w a t e r ,  i . e .  the 
me thy lmercu ry  a c t u a l l y  a v a i l a b l e  to the f i s h ,  was j u s t  
as high over  a coarse sand sed iment  as over  an o r g a n i c  
m i x t u r e  and, in  f a c t ,  lower  over  pure woodch ips .  To 
check t h i s ,  ac tua l  mercury uptake o f  the f i s h  per g 
o f  body w e i g h t  d u r i n g  the 21-day e x p e r i m e n t  was compared 
to t ime -ave raged  water  c o n c e n t r a t i o n  to produce a 
c o e f f i c i e n t  of  removal o f  ( m e t h y l ) m e r c u r y  from water  
ave rag ing  2 ,9  g w a t e r / g  f i s h / h r ,  in  c lose  agreement 
w i t h  p u b l i s h e d  va lues  (deFREITAS and HART 1975) .  

At  the c o n c l u s i o n  o f  the e x p e r i m e n t ,  f o r  the case 
of  sand sed imen t ,  the f i s h  ( t o t a l  w e i g h t  r o u g h l y  I0 g) 
c o n t a i n e d  a p p r o x i m a t e l y  I0 -~ g m e t h y l m e r c u r y ,  w h i l e  the 
water  column, ( I  L a t  0 . I  ppb) ,  c o n t a i n e d  r o u g h l y  10 -7 g. 
Thus, a l t hough  the e q u i l i b r i u m  c o n c e n t r a t i o n  o f  
me thy lmercu ry  in the water  column is  the same w i t h  or 
w i t h o u t  f i s h ,  the amount o f  me thy lmercu ry  produced in 
the systems i n c l u d i n g  f i s h  was more than t e n f o l d  
h i g h e r .  Me thy lmercu ry  i s  produced in  the sed iment  and 
desorbed q u i c k l y  enough to m a i n t a i n  the water  mercury 
l e v e l ,  even in t h i s  system in which the mass r a t i o  o f  
f i s h  to water  i s  much h i g h e r  than in a n a t u r a l  system.  
One conc ludes t h a t  in a rea l  s e d i m e n t - w a t e r  sys tem,  i t  
i s  mean ing fu l  to  c o n s i d e r  e q u i l i b r i u m  va lues  o f  o r g a n i c  
mercury l e v e l s ,  as we l l  as r a t i o s  o f  o r g a n i c  to i n -  
o r g a n i c  mercury ,  in  the s e d i m e n t - w a t e r  sys tem,  r a t h e r  
than to c o n s i d e r  p r o d u c t i o n  ra tes  in the sed iment .  The 
r a t e  o f  p r o d u c t i o n  of  me thy lmercu ry  in  the sed iment  
appears to be de te rmined  by the r a t e  o f  removal from the 
w a t e r ;  the sed iment  and water  c h a r a c t e r i s t i c s  de te rm ine  
the e q u i l i b r i u m  p a r t i t i o n ,  but  not  m e t h y l a t i o n  r a t e .  
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Figure I.  F r a c t i o n  o f  m e r c u r y  i n  m e t h y l m e r c u r y  fo rm in  
s e d i m e n t s  and i n  o v e r l y i n g  w a t e r .  �9 - sand .  

i - s i l t  and woodch ips .  A - woodch ips .  Open 
symbols :  w a t e r .  Dashed l i n e s :  systems 
i n c l u d i n g  f i s h .  S o l i d  l i n e s :  systems w i t h o u t  
f i s h .  
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The r e l a t i v e l y  high p r o p o r t i o n  of methylmercury 
in the water  column is wor thy of comment. MORTIMER 
and KUDO (1975) have shown rates of uptake of i n -  
organic  and of methylmercury from water  by vascu lar  
p lants  to be qu i te  s i m i l a r ,  and subsequent f i e l d  
analyses of aquat ic  p lan ts  show organic  mercury con- 
ten t  in the neighbourhood of 30%, imply ing a s i m i l a r  
concen t ra t i on  in na tu ra l  water  (MORTIMER, in prepara-  
t i o n ) .  S i m i l a r  r e s u l t s  have been repor ted by 
FITZGERALD and LYONS (1973) and by FOREBACK (1973).  
On the other  hand, some i n v e s t i g a t o r s  have repor ted  
an i n a b i l i t y  to de tec t  organic  mercury in na tu ra l  
water  (CHAU and SAITOH 1973). The r e s u l t s  remain to 
be r e c o n c i l e d ,  but i t  should be noted tha t  the l a t t e r  
s tudy measured only the methylmercury content  of 
f i l t e r e d  wa te r ,  wh i le  the present  work inc ludes sus- 
pended m a t e r i a l .  In any case, i t  seems c lea r  tha t  
de te rm ina t ion  of p a r t i t i o n  c o e f f i c i e n t s  is a necessary 
step i f  we are to p r e d i c t  e f f e c t i v e  me thy la t i on  rates 
and actual  a v a i l a b i l i t y  of methylmercury in the food 
chain.  
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