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Reservoir c r e a t i o n  has a f t e n  been in fo rked  as a cause OF e l e v a t e d  f i s n  

mercury concentrat ions .  Increases i n f i s h  nuscl e merci~ry l eve1 s , occurri  ng 

coincidentally w i t h  f l o o d i n g ,  are documented f o r  three lakes  a f f e c t e d  by t h e  

C h u r c h i  l l River diversion f a r  which  pre- and post-impoundment d a t a  Here 

a v a i  1 ab le .  For example, p i k e  (Esox 1 uc ius)  and wa! l eye (Stizostedion v i  t r t g m )  

muscle mercury levels from S o u t h e r n  Ind ian  Lake, wh ich  was increased i~ 

surface a rea  by 21% by f l o o d i n g  i n  1976, < ncreased from basel i n s  values of 0.2 

1 - 0.3 ~ . r g  g-"prior t o  f l o o d i n g  t o  0.5 - irg g-' i n  1979-1982. Muscle 
** 

mercury levels From predatory  species (pike dnd wal le; ') from a1 l ten lakes 

tested i n  the C h u r c h i  11, Rat and Gurntwcod valleys f looded by the Churchill 

d i v e r s i o n  are near t o  o r  exceed the cur ren t  expor t  marke t ing  l inl i t  of 2.0 pg 

Because pgrcury levels i n  f i s h  f ~ o m  nearby unilooded l a k e s  have not 

shown recent increases, atmospheric fa1 l o u t  o f  the meta l  does not  appear t o  be 

the cause o f  the p rob l  em. A1 so, there are no known i n d u s t r i  a: sources o f  

mercury i n  the area and no a g r i  cui t u r a l  activity. Post -  impoundnrent mercury 

levels i n  predatory  !'ish appeared t o  be r e l a t ed  t o  the f looded t;erresirial 

area compa~ed to pre-impoundment l ake  area. They were h ighes t  :?.15 - 2.90 90 

g - ' )  i n  Rat and : i i?tic; lakes w h i c h  were increased i n  surface area by 252% were 

1 iowfr (0.60 - 1.53 ~y g - A )  i n  l akes  imedia te l je  below Nctigi Reservoir 

increased i n  surface drea  by 3 1 - 3 i % ,  and were lowest (0.45 - I.C13 ~g i n  

@3 
Southern I n d i a n  and guskwatin Lakes, i n ~ r e a s e d  i n  surface area by 13-212. 



F l  s h  np rcu ry  level s responi3ed q u i c k l y  to jmpcundzent. inc reds i  ng 

noticeably within 2 - 3 yrs .  Dee] i n e s  i n  aercury c o n c e r ~ t r a t i o n s  had n o t ,  i n  

genera l ,  t a w n  place  w i t h i n  5 - 8 y r s  o f  impoundment, w i t h  the exception o f  

whi t e f  i sh (Lor  - i s )  from Southern  Indian Lake. - 

i s  hypothesized t h a t  observed f i s h  mercury level increases were due  t o  

the b a c i c r l d l  methyl a t i o n  of n ; i t x r a l l  y occurring mercury found i n  f looded  

s o d s .  

Key words: l ake  whitefish; walleye; northern pike; mercilry, impoundment, 

~ river diversion; mercury methyl a t i  on. 



1. A r e a  of  C h i i r c h i i  1 River diversion i n  northern : ? a n i t 0 0 6  inciuaing l a k e s  

a n d  sample s i t e s  referred t o  i n  t e x t .  
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INTWODUCTI3N 

F i  sh mercury 1 eve1 s i n  excess o f  0 2  4g g- " h a e  general 1 y been accepted 

as evidence o f  ~ndustrial pol l u t i o n ,  however f i s h  w i t h  h i g h  mercury levels 

occur i n  many pr js t ine  lakes u n a f f e c t e d  by industrial sources o f  mercury 

(e.g. Koirtyohann eC a!. 1974; Wobeser e t  a l .  1970; Johnels  e t  a l .  1967). 

T h i s  n a t u r a l  variability i n  f i s h  mercury concentrations f r o m  unpoiiuted 

environments makes i t  d i f f i c u l t  t o  interpret h i g h  mercury levels  i n  f i s h  from 

i n f  requentl y sampl ed 1 akes. Al t h o u g h  several s tud i  es hzve imp1 i cated 

reservoir f a n a t i o n  as the cause o f  h i g h  f i s h  mercury concentrations observed 

a f t e r  f l o o d i n g  (Po t t e r  e t  a l .  1375; Abernathy and Cumbie 1977; Cox e t  a i .  

1979; Ervce and Spencer 1979) we do not know o f  any published studies which 

present b o i h  pre- and post-impoundment d a t a  on f i s h  aercury concentrations t a  

verify t h a t  increases have actual Ty occurred. Ne present such infomation 

here and suggest possible mechanisms based on o u r  knowledge o f  the 

environnertal changes w h i c h  accompanied impoundment. 

SYUDWAWEA 

The inajor i ty  o f  the f l o w  a i  the Churchill g ive r  i n  nor thern  Hanitoba 

( F i g .  11, was divertea i n t o  the Nelson 2 i v o r  b a s i n  f o r  hydroelectric purposes 

by a series o f  l a k e  and river manipulations aver  the p e r i o d  1971-1938. The 

p o i n t  af d i v e r s i o n  was Southern I n d i a n  Lake, f looded 3 m above the mean l a k e  

level i n  l.976. Wdter ?#as diver ted o u t  of Southern  l n d i a n  Lake v i a  a diversion 

c h a n n e l ,  down t h e  2ze River ua l  l e y ,  t h r o u g h  a conxrui  structure a t  t4otigi 

Lake, i n t o  t h e  aurntnoad R i  ver- ano then 18 :he lower :ie! son 2i ver ( F i  g. 1 ) .  

The N o t i a i  con t ro l  structure f looded lakes i n  the Rat River v a l i  ey, incl u a i n g  

Issett  , Penlichjgan~au, Rat and Noeigi lakes, From 8 - 15 m, over the p e r i o d  



1374-76. Lakes downstream o f  N o t i g i  Lake on ,  o r  connected t o  the Burnrwocd 

R i v e r ,  such as Wapisu, F o o t p r i n t  and Wuskwatim, have experienced a r i se  i n  

water levels  o f  3-5 n d u e  t o  increased Burntwood Rivet flows. Tab le  1 gives 

the changes i n  water levels ;nd surface areas o f  lakes a f f e c t e d  by the 

d i v e r s i o n .  Bodaly e t  a l .  ( i n  press)  give a %are detailed description o f  the 

C h u r c h i  l l  R i v e r  diversion project * 

COLLECTION OF DATA 

Sampl i ng o f  f i s h  f o r  muscle mercury de:;emi nat ion  was carried o u t  i n  t i ro  

d l  fferent ways: survey smpl i ng and comercia'i sampl i ng [Bodai y aild Hecky 

1979). Survey samples were captured by graded mesh experimental g i l l  nets, 

and, i n  the case o f  Southern  Indian Lake,  samples were separated acccording t o  

the region  a f  the l ake  f ished. For individual f i sh ,  f o r k  l e n g t h  wfas measured 

( t o  the nearest 5 m) and mercury concentration bras detemined frorn a p o r t i o n  

o f  mscle taken f r o m  the caudal peduncle area,  I n  the case o f  commnercial 

samples, f i sh  were removed frc;n tiw t o  time from comercia1 catch~ls  and were 

classified only as t o  lake of o r i g i n .  a sample o f  dt least F i v e  f i s h  ~ e i g h i n g  

no less t h a n  6.8 kg was taken for each de teminat ion .  F i  1 le ts ,  one from each 

f i sh, were combi r.ed d n d  homogeni zed pri at- t o  mercury d e t e n i  o a t i  ons (i n 

t r i  p l  i c a t e )  . Hercury concentrations were detenni ned according  t o  Hcndzel and  

Jamieson (1076) who repor-ted an  analytical. precision of 20.025 pg CJ-' a t  0.5 
W&&BJY 

~.r<) CJ-' I n  f f'sh iquscle tissue, Survey samples f r om Southern Indian Lake a n d  

authors . ,  &her d a t a  i s  from k G i r e g o r  

~3 Department o f  F i  sherjes and Oceans, 

[ u n p u b l  i shed d a t a )  . 
Hater  samples Here taken f rom var ious  l o c a t i o n s  on Southern  Indian take,  

t h o  Churchill R i v e r ,  Pemichigamau Lake and  ::otigi Lake i n  September 1978 and 
I 



J u l y  1981 ( F i  g. 1) . Sampl es f o r  t o t a l  mercury were c o i  1 ected from 1 m d e p t h  

u s i n g  a van Born sampler dnd 1-eturned t o  the l abo ra to ry  i n  300 31 glass 

reagent  bott les .  Sampl e preservation, ext-raction a n d  analysis i o l  lowed 

closely t h a m o i  Kopp e t  a l e  (1972) .  Ten L surface w a t e r  sampi es for 

methylmercury d e t e n i  n a t i o n  were col i e c t e d  i n  pelyethy] ene carbbcys. The 

methylmercury was extracted from ac i  d i  f i ed water i n t o  benzene, Subsequent 

analysis fallowed the method o f  Uthe e t  a l .  ( 1 9 7 2 ) .  R e  methodological 

detection l i in i t  of the t o t a l  mercury a n a l y s i s  i n  water i s  5 x 10-" g - b a n d  

6 o f  the methylmercury analysis i s  0,2  x LO- ;ig cj- '. 
Samples o f  u n f l  ooded bank materi a1 s were col l  ected f rm various locations 

ad jacen t  t o  the Churchii 1 River diversion (F ig .  1) i n  1981. Subsamples were 

dried t o  constant w e i g h t  a t  105'C, ground w i t h  a mortar  and pestle, and passed 

t h r o u g h  a 1,0 m mesh screen. A weighed p o r t i o n  was digested w i t h  aqua regia,  

b r o u g h t  t o  a b o i l ,  s i n e r e d  for  one minute, cooled and made t o  50 mL volune. 

The analysis fo r  mermcuBrjf was ccmpl eted w i t h  ~ i i e  semi-automateci procedure of 

Amstrong and Uthe (1971). Surface sedinent samples were collected i n  the  

summer o f  IS60 with ai l  Ekman dredge  and t r ea t ed  similarly t o  the bank 

nater i  a l  . Suspended sediment was col lected by cont i  nuous flab! centri tugat ion  

i n  August 1380 from known volunes o f  lake  w a t e r  and subjecbnd t o  the same 

treatment except t h a t  screening was n o t  necessary. A Sorvali RC2-3 centr i  f uge 

v#as used a t  14,500 R C F  w i t h  a f l o w  rare o f  appraximateiy 50 ml. n i n - l .  

RESULTS 

increases -----" i n  F i s h  -.bw--sw.wt--- [ n e t - c i i r ~ l e v e i  A s coincident  w i t h  f l  o 

Both pre- arid post- in~poundinent  f i sh .nercury d a t a  a!-e a v a i  1 a b l e  f o r  

Southern I n d i a n  Lake on the Churchill ?iver a t  t he  ~ o i n t  s f  aiversion, f o r  

i s ; e t t  Lake d t  t h e  I i Fpe r  end o f  t he  % ~ l i g i  i E e s e r t + o i  r-. afld f o r  \duskwatjm Lake,  
* 
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-a- 

o n  the Burntwood River below Not ig i  reservoir ,  ihese d a t a  demonstrate t h a x  

mercury levels i n  f i s h  increased significantly soon d i t ~ r  flooding i n  a l l  

three lakes* 

Muscle mercury levels i n  l ake  whi t e i i s h  ( c! u p e a i o r n i  - s )  , 

northern pike ( fsp a 2; < and walleye ( vi t reun)  f r o m  Southern  

I n d i a n  l ake  have i n  2 ;  d substantially from before the  impoundment o f  the 

i ake t o  a f t e r  lake iii~poundment (Table 21. For example, mean nercury 

concentrations j n  lake whitefish survey samples f r o t ~  Region 4 were higher  

a f t e r  impoundment, wi th  means o f  0.22, 0.10, 0.14, 0.08 and 0.11 a g-' i n  

1978 t o  1982 respectively, as compared t a  a pre-impoundment mean o f  0.05 pg 

1 
g- i n  1975 (Tab1 e 2 ) .  Simi 1 a r  increases have occu r r~d  i n  lake whi t e f i  sh from 

The Channel , Camp 9 ,  and Region 6 (Table 2 ) .  A1 t h o u g h  levels frcr; 1975 were 

determined from samples stored frozen f o r  approximately three years before 

analysis, there has apparently been l i t t l e  e f f e c t  d u e  t o  storage because 1975 

levels reported here are comparable t o  the l a k e  whi t e i i s h  mean merczry 

concentration of 0.05 ~ C J  CJ-' deremined p r i o r  to f l o o d i n g  (1959-1573 

samples removed from comercia1 shi  pments (Tab le  2) . U n i o r t u n a t ~ l y ,  mercury 

levels i n  4:omercial sh i  pmenrs have no t  been monitored since 1973. Hendaei 

(personal ccmunication) reports no d e t e c t j b l e  changes i n  nercury  

concentratr sns i n "; ish t i  ssue s tayed f rozen f o r  mday monrhs, Fi-ajzen s torage ,  

I f accompani ed by severe d e h y d r a t j  an,  m i  g h t  i crrease merc3ry concen t ra t  i ons on 

a wet weight bas i s ,  and therefore the mercury c o n c e n t r a t i o n s  ~ b s e r v e d  f o r  t h e  

1975 whi t e f i  sh sampl es represent maximun estimates. 

Samples o f  the two p reda to ry  f i sh  species la~ded by the Southern I n d i a n  

Lake cofw~erc! d l  F i  sher;,. wai l e y e  and  norshern p i k e ,  a1 so ihcw ;isst- impoundment 

increases i n  muscle mercury levels as conpared t o  ;re-impoundneii-b: levels  

";rrcury levels  i n  walleye c c m e r c i a l  samples were relatively 



s t a b l e  a t  0.2-0.3 pg g-' over the per iod  1971 t o  1977 bu t  were much h i g h e r  

(0.57-0.75 (4-1) i n  1978-1982. Normthwr ppike mercury levels  were somewhat 

higher  t h a n    all eye before l a k e  impoundment, i n  :he range 0.25-3.35 ~g g- S 

over the per iod  1971-1973. Levels i n  p i k e  may have been elevated i n  1976-1978 

t c  0.4-0.5 pg g- b a n  means i n  1979-1082 (0.67-0.95 i ig  g- I) were much above 

pre-impoundment levels. 

Mean mercury levels i n  walleye from Wuskwatim Lake were relatively s t a b l e  

aver the pre-impoundment period 1970-1977 a t  0.25-0.44 pg g- ' but  increased t o  

0.76, 1.00, and 0.89 pg g-' i n  1979, 1980 and 1981 respectively (Table 3 ) .  

Whitefish mercury concentrations a l s o  increased, r i s i n g  from 0.08 pg g-"n 

1970 t o  0.33 ppn i n  1981 (Table 3 ) .  i%rcury concentrations i n  lake whitefish 

muscle frm Issett Lake doiittled from a mean o f  0.15 pg g-"in i975, p r i o r  t o  

Church i  11 River d ivers ion ,  to a mean of 0.32 pg g-' i n  1978, aifiar Church i  11 

River diversion (Table 3) .  

I t  i s  we1 1 known t h a t  mercury concentrations i n  f i s h  tenci t o  increase 

with f i sh  s i z e  (Sco t t  and Amstrong 1972; Scot t  1974, Huckabeei e t  a l .  1979 

however, increases i n  lnercury levels i n  fist? i n  new impoundments noted here 

wetme n n t  due  t o  changes i n  the ave rage  s i ze  o f  F i s h  sampled. S i g n i f i c a n t  

changes i n  t h e  average s i z e  of  survey samples have, i n  general, not occurred 

and %here changes i n  f i s h  s i z e  occurred, average  mercury 1 evells d i d  not 

usually f o l l  ou avet-age f i s h  s i z e s  (Tables 2 and 3 ) .  In  the case of commercial 

samples, mean F i s h  s i z e  tends t o  he h e l d  rather constant  by the use o f  one 

s i z e  o f  comerci a1 g i  11 net mesh, Furthemore, s i g n i  f icant  carrel a t ions  

between F i s h  s i z e  and mercury concentraii ons were n o t  the  rule  f o r  pre- o r  

post- iiapoundil~ent survey sampi es from the  Church:  11 Ri ver diversion a r e a ,  

significant correl a t i  ons were observed i n a majari  t y  3F survey samples on1 y 

for  p i k e  (34 of 22 samples wnereds s i g n i f i c a n t  carrelations were observed i n  
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a m i n o r i t y  of samples o f  w h i t e f i s h  ( 7  of 20 samples) and  wal ieye ( 9  o f  24 

Only post-impoundment d a t a  were available f o r  other f looded lakes located 

Qn the rout62 ~f the d i v e r t e d  Churchif 'd R i v e r ,  A1 1 o f  these lakes  contajned 

f i sh  w i t h  mercury levels much h i g h e r  t h a n  expected background concentrations 

In  general , mercury 1 eve1 s i n predatory f i sh a f te r  impoundment 

were highest  i n  lakes now covered by the N o t i g i  reservoir, were moderately 

h i g h  in l akes  Flooded by diversion f l o w  downstream o f  N o t i g i  control  

structure, and were lowest i n  Southern Indian  Lake (Tab1 es 2 and 3 ) .  Mercury 

levels i n  predatory  f i s h  frm N o t i g i  reservoir lakes rani;ed From 4.6-2.9 gg 

9-', while the comparable range f o r  lakes  below N o t i g i  was "0.6-1.5 ~g g-I and 

f o r  Southern Indian Lake was -Q.4-=1.0 gg g-'. Mercury levels i n  whitefish 

tended t o  be higher i n  lakes helow Not ig i  reservoir and lowest i n  Sojithern 

I n d i a n  Lake* 

f ime course o f  elevated f i s h  mercury 1 eve! s 

M~rcury levels i n  predatory f i sh  became elevated w i t h i n  2 - 3  years of l a k e  

impoundment and there was no i ndicati on o f  general decl i nes f ronl ;~eak  'levels 
8 

w i t h i n  5-3 years of  impoundment. Predamory species from Southern Indi l ;n  i d k e  

showed elevated InercQry l e v e l s  by 1978, trio years a f . to r  f l o o d i n g .  TSrere were - 

2 
no t ~ ~ e r l d s  i u i i d r d s  decl i n i  rig level s over the &ilr*iod i9 i8-1985 (Tiible 2 ) ,  

Mercury concentra t ions  i n  wa i ieye  were re1 a t i v e l  y s tab1 e b o t h  i n  survey and 

comerciaZ ~alh ip I  e s  O V ~ P -  $,his p e r i o d ,  S l i r ~ e y  sampi 2s o f  pike t aken  fssn 

spec i  f i c reqi of the 1 ake skiow genera 1 1 ~  i ncr-eas i ng nercury 1 e i ~ c ? l s  over 
4% 

i ' j 7 5 - 8 ~ . ,  and mercury levels i n  cor"anerc!al shiqm.cints niere hishest  i n  19531 



(Tab le  2 ) .  I n  lakes now covered by the  N o t i g i  reservoir ,  impounded over the 

p e r i o d  1974-1976, h i g h  f i s h  mercury levels were evident by 1977-1978 when the  

lakes %ere F i r s t  (Tab le  3 ) .  Mercury levels i n  p r .+?da t~ ry  f i s h  sllowed 
J! 1977-198Z3 
szmpl i n g  was i rr a b l e  3 ) .  i n  es downstream of t h e  Not- ig i  control 
k 

structure,  f looded by d i v e r s i o ~  f l o w  i n  1975-1973, eleva-ed f i s h  mercury 

levels Here evident by 1977-1979 (Table  31. As w i t h  N o t i g i  reservoir laikes, 

sampi i ng was i rregui iir and post- impoundment treods are net obvious. 

Mercury levels i n  wh i te f i sh  from Southern I n d i a n  take a1 so responded 

qu ick ly  t o  f l o o d i n g  and were elevated by 1978, two years a f te r  lake 

impoundment, when f i r s t  sampled (Table 2 ) ,  However, i n  cont ras t  t o  mercar  

levels i n  predatory F i s h  from 311 impounded lakes i n  the  area ,  whitefish 

mercury 1 eve1 s from Southern  indi  an Lake decreased sonsi s t e n t  l y over  the 

period i978-1982, a1 t ho~ggh pre- impoundment 1 eve1 s had not been reacheld by 

T" ons 

Tota l  mercury concentrations i n  water col l ected from 17 locations ( F i  g. 

i j  i n  1978 and 1381 were <5 x 1,gm6 pg pl, the limit o f  detection w i t h  t h e  

methods and sample r o l u ~ e s  used. S i m i l a r l j ,  13 of the 14 analyses  f o r  

methylmemury i n  water were below the limit o f  detection, 0.2 x IC-' pg gg-I, 
6 xhi  l e  a concentration o f  0.4 X 10- g- \,as observed i n  the forebay of the 

Noti g i  Rese rvo i r .  

ierres t l+ia l  s o i  ! s a r e  a posz i  b l e  cource o f  mercury i n  new impounc'inen~s. 

Soils under ly  approxinately three-quarters o f  the surface area o f  Not ig:  

Reservoir (r u ' r  I) acd e8=od ing hanks are a continuing source o f  ter-restrihl 
rJ( 00 

material  t o  the Southern I n d i a n  lake reservoihE (Hecky e t  a1 ., th is  v o l u i  
b 

Q d n k  m a ~ e r i a i s  2enera'ily consist 05 three recognizable hor i zons :  a n  upper 



l abter o f  ~noss, l i t t e r  anci hwnus ,  a second l dyer of h i g h l y  o r g a n i c  :ur6facc 

soi 1 s ( s o i  1 h o r j  zon A )  2nd the  inorgan ic  cubsoi l (soi 1 horizon C) .. The 

g r e a t e s t  mass of material  b r o u g h t  i n t o  suspeosion due  t o  shore erosion i s  o f  

f i  oe gra ined  s i  1 t s  and c lays  w h i c h  o r i g i  r.dte from extensive glacio-lacuitri ne 

depos i t s  s u r r o u l d i n g  the lake (Newbury and i k C u l ' l o u g h  t h i s  volume, p, 00). 

Mercury concentrations i n  the u p p e r ,  organic r ich soil  horizons are c lea r ly  

h igher  t h a n  i n  the inoroanic C hor izon  (Tab le  4 ) .  Lake sed.Iment mercury 

concentrations are simi 131- t o  :$e erodi  n g ,  i norganic bank mater ia l  b u t  lower 

thaq the organic horizomjTab1 e 4). Suspended sediments col l ected f r-om 1 ake 

water a r e  substanti a: 1 y h i  gher i n mercury concentration than surf ace sediments 

ccl ieeted from the 1 ake b o t t o ~  (Tab1 e 4). 

DISCUSSION 

The present da ta  show t h a t  increases i n  f i s h  mercury concentrations have 

occurred c o i  ncidenta l i y  i ~ i  t h  increases i n  watef : eve1 and t h a t  h i  yh  mercury 

j eve rs  hare been observed a f t e r  i n u n d a t i o n  i n  a l l  lakes flooded by the  

C h u r c h i  l 1 Ri ver divers ion.  P-e-il oodiiig daf a a v a i  l a b l e  for  S o u t h e r n  I n d i a n  

l a k e ,  Isse"er: Lake and g ~ s k t i ~ a t i r n  l a k e  show a'ncreased fSsh mercury 

coneentratio~s soon a f t e r  increases i n  water levels= Lakes sn the diversion 

route beiweel? lssett and Wuskwatim, for wh!ch there were no pre-diversion d a t a  

( R a t ,  Norigi , Uapisu and F o o t p r i n t  lakes) show h i g h  f i s h  mercury 

csncentraticins i n  years  i ; ;nediatei  y f o l  lowi rg d-iversian and f lot idi  ng, and 

these canc,ent rat i ons presimab i y represi i ~ t  increases over pice- f l  oodi ng 

concent r a t  i ons. 1 ncreases i n Fi sh mercury concentrat i  ons appear  t o  be 

restr-alctea to 1 akes fF aoded f o r  @ h e  C h u r c h %  1 % Ri ver diversion and there  i - IFQ 

suggesti on t h a t  s i n1  l a r  i ncreases have occurred i n  undi stzrDed lakes over the  

same time +er iod  throiigiloilt northern ;'a;!itrji)a. i n  f a c t ,  rhere a r e  o v e r  311 



l akes  i n  northern Mani toba  (nor:h o f  the 55th parallel) f o r  w n j c h  f i s h  Eercgry 

levels  have been d e t e n i n e d  frm ccoirmercial shi merits d u r i n g  :he 1970's w h i c h  

show no treses o f  increasing f i s h  mercury levels  ( d a t a  From 

Department o f  F i  sheri es and Oceans, k i  n n i  peg, t4ani toba)  . 
This indicates t h a t  the recent i nc reases i n  f i s h  mercury levels i n  Southern 

Ind ian  Lake and lakes on the Rat  and Burntwoad Rivers are ;robably not  

directly due t o  atmospheric faliaut. Mercury analyses on a 20 cm sediment 

core from Sorsthern I n d i a n  take shaw a slow, eonstant  increase i n  Hq 

concentration f r o m  the base o f  t h e  core t c  the t o p ,  resul t ing i n  a 2X t o p  t o  

bottom d i f f e r e n t i a l  i n  rnercury concentration [G,J. B r u n s k i  11, unpubl  . d a t a ) ,  

but  t he re  i s  no evidence o f  dramatic increase i n  4 deep03 t i o n  p r i o r  t o  

Flooding. An approximate doubl i n g  i n  mercury i l  ux t o  t he  sediments since 1900 

h a s  been identified a t  a n t m b e ~  of "prisrine" loca t ions  and has been 

a t t i - i b u t e d  t o  an increase i n  atmospheric fa :  l o u t  of mercury because o f  

industrialization (Kemp e t  a l e  1978; Weiss e t  a l .  1975). The obsc~rved 

increase i n  the Southern Indian  Lake core i s  consjstent wi th  t h i s  apparcnr 

global t rend,  i%deer depos i t i on  rates o h m e ~ c u r y  i n  Sourhern ind ian  Lake 

(G.J. Brunzkill , pers. corn.) are below t h e  pre-modern deposition rates f o r  

the uppe r  Great Lakes (Kenp et a l *  1378) and are similar t o  :he deposition 

rates on t h e  Greenland glac ier  (Weiss e t  a l .  1975). Suspended sediments 

col  lected i n  S o u t h e r n  I n d i a n  Lake a f t e r  -impoundment ( T a ~ l e  4) are enriched i n  

mercury r e l a t i v e  t a  older deposited seoinenfs; th l s  nay re f lec t  a recent 

change i n  mercury availability in the lake.  

There are no knotm p o i n t  sources of mercgry and 30 ag r . i c i l l t u r a1  activity 

i n  the Cburchjl l diversian zrea bqhich could  supply a sudden surge i n  mercury 

depositicn b e g ~ n n i n g  i n  1976. ' A l t h o u ~ h  it is not possible t o  r u l e  o a t  t h 2  

p a s s i b $ ]  i t y  t h a t  a l l  t h e  geographic areas ' i s r ed  dbnve a ight  have uausual 



geological  forn?a'tions w h i c h  provide a rich local  source o f  mercury, i t  seems 

u n i  i k e l y  t h a t  mercury-rich mineral f o rmat ions  are  the ultimate cause af the 

el eva ted  f i  sh mercury concentrations i n a l  l these reservui rs. Source 

materials at Southern Ind ian  Lake tend t o  be l o w  o r  average i n  thei r  mercury 

content  when compared t o  s i m i  1 av m a t e r i  a1 s analyzed el sewhere (Andren and 

Nri agu 1979; Andersson 1979), The modern mercury deposition ra te  i n  Southern  

I n d i a n  l a k e  p r i o r  t o  f l o o d i n g  i n  1976 i s  among the lowest reported i n  the 

1 i t e ra ture  (6.3. B r u n s k i  11, pers. corn.). We concl ude t h a t  there i s  no reason 

t o  believe t h a t  the Southern Ind ian  Lake-Notigi region has unusually h i g h  

mercury colneentrP,ti ons i n source materi a].  Inswead 'E t $ems t h a t  reservo'l; F- 

fornation and a s s o c i a t e d  inundation o f  land i n  i t s e l f  has l e d  t t r  h i g h e r  f i sh  

mercury c o n c e ~ t r a i  QQ - 
The hypothesis  t h a t  r e s e r v o i r  f a m a t i o n  can lead t o  elevated f i s h  

mercury levels was i n i t i a l l y  made by Potter e t  a1 . (1975) and Abernathy and 

Cumbie (1977).  A simi l a r  hypothesis has more recently been made by others 

(Bruce and Spencer 1979; Waite e t  a1 . 1980; Meister e t  a i .  1979; Cox e t  a l  * 

1979). These hypotheses have empijasized t h a t  reservoirs provide new sourczs 

of merczry i n  i nundated sai 1 s (Abernathy dad Cumbie 1977; Mei ster e t  d l .  1379 ) 

o r  i ncredsed a v a i  1 a b i  1 i t y  o f  n a t u r a l  1 y t r anspor ted  merc1:ry because af 

i ncreased rezent i cn o f  i nt ; owi ng materi a1 (PC t i e r  e t  a1 . 1975). P r ~ b t  e ~ s  

associ  a t e d  w i  t h  e l e v a t e d  f i s h  mercury level s i n  new1 y impound7d reservoi rs are  

qiii te widespread i n  North h e r j c a .  Rey have been reported i n  Labrador,  

Saskatchehian, Pdni t a b a ,  Arizona, I1 l i no i s ,  S o u t h  Carol ins, (references above 

Utah (Smith e t  a l .  19741% Idaho  (Benson e t  a l .  1976; Kent and Johnson 2E ,9), 

Mi s s i  ss; ppi (Kni .;ht and Herring 19721, and el sewherc. I t  now seems clear  rha t  

t h i s  f s ~ i d e s p i - e a d  phenomenon wh'ith has come t o  the a t t e n t i o n  o f  fisherfes 

rat-kers i n  :he las t  decade due t o  the iQecent introduction o f  routine t e s t i n g  
a 

s f  * f i s h  f a r  zeacury l e v e l s -  



Mercury i n  f i s h  i;3usc!e e x i s t s  predominantly i n  the organic o r  

methylmercury form [Westoo 1966 The methylation o f  inorganic nercury i s  

known t o  be p r i m a r i  l y  bac te r ia l  l y medi a t e d  ir! nature (Beijer and Jernel  ov 

1979; 3 i  sogni  1979). Increased bacteri  a1 prod~cti on d u e  t o  degradati or. of  

f looded  terrestri  a1 vegetation, peat and humus probably serves t o  promute 

mercury methyla t ion;  Furutani  and Rudd (1980) showed t h a t  an increase i n  

m i  c r ~ b i  a l  substrate resul t e d  i n i ncreased rates o f  mercury methyl a t i  on. 

We hypothesize tha t ,  i n  lakes flooded by the Churchill River diversion. 

elevated f i sh  mercury levels we.ere due t o  the bacterial methyl a t i o y  

natural1 y accurri ng mercury found i n  f 1 ooded s o i  l s a The apparent  re1 a t i  onshi p 

over the Churchii 1 River diversion system between the  increase i n  i a k e  surface 

and mercury lev( 1s i n  predatory Fish,  where f i  si? Rercury levels were 

h i g h e s t  i n  the extensively flooded Notigi reservoir, supports t h i s  

~ hypothesis. The primary source of mercury was probably the u p p e r ,  o rgan ic  s o i  l 

hori zcn because mercury level s i n  this soi l 1 dyer  wet e much higher t h a n  i n  

inorganic subsoil l aye rs .  Inorganic subsoil i s  a p p a r e n t l y  not a c t i n g  as a 

major source of mercury because the addition of l a r g e  amoun"c s f  finorganic 

subsoil t o  the water column t h r o u g h  shore erosion i n  Southern  Ind ian  Lake 

(Newbury et a] .  1978) d i d  not resul t i n  f i s h  mercury level s approachi ng those 

found i n  the l io t ig i  reservoir where shoreline erosion was negligible b u t  

increase i n  area f looded  was greater.  

Uater  mercury levels t h roughou t  the Church i  l l River d i v e r s i o n  system e r e  

very  lo^. Ibis has been repor-Ted for other new reservoirs where f'ish mercury 

levels  were elevated (Cox et  d l .  1979; Potter e t  a l .  1375; Abernathy and 

~ C u m ~ i e  1977) and nas expec ted  because the geochemistry o f  inorganic mercury 

~ s t rong1  y Favers  association w i t h  particulate phases (Crans ton  and suckley 

1972; Hannan i;nd Tnompsor~ 1877 and the b i  ogeochemi s t ry  o f  %ethyl i;lercury 3 
8 



s t r o n g l y  f a v o r s  association w i  t h  b i o t a  owi  ng t o  i t s  aqueous and l i p i d  

solubility and affinity f o r  sutfhydryl groups  ( C a r t y  and Malone 1979). I n  

6 
S o u t h e ~ n  I n d i a n  Lake, water concentrations were <5 x 10- iy g- ( o r  5 pg 9-1) 

while mercury concentraticns on suspended sediments were 0.20 py g - I ,  a 

concentration f a c t o r  of a t  least 2 x 13', and mercury concentrations ir: pike 

Here approximately 0.60 pg a - I ,  a m i n i m ~ m  concentration fac to r  o f  6 x 

These concentration f ac to r s  are s imi lar  to those reported i n  the literature 

(Potter e t  a l e  1975). 

Atierage wscl e mercury level s i n  predatory species (wai  1 eye and p i  ke) 

exceed the Canadian marke t ing  standard of 0.5 pg (and usually the U.S. 

s t a n d a r d  o f  1.0 pg g- ') i n  every lake  on the C h u r c h i  11, Rat and Burntwoad 

r i  ve rs  f l  noded by the C h u r c k i  l l  Ri v e r  d i  versi on project. The widespread 

nature  o f  the h i g h  f ish  mercury level - new reservoir a s s o c i a t i o n  makes i t  

imperative t h a t  elevated fish mercury levels be considered i n  a i l  impact 

assessalent s af proposed reseruoi rs. 
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T a b l e  I .  Changes i n  w a t e r  level and sur face area o f  several lakes a f f e c t e d  by t l ~ e  Chilrchill  R i  wer d i v e r s l o r r  p r o j e c t .  
Arcas and levels  are  estimated under  t o r ~ g  term mean lcvcls p r f o r  t o  diversion a ~ d  untler projected mean levels  
a f t e r  f u l  l C l~urch i  l 1 R i  v e r  diversf on, Sources: k C u l  lough (1981 ; Brawn (1974);  V i t k i n  (1979 ; 15, W "fijsor, 
Mani  toba  I(ydro, pers. corm]. 

- s P m m - v P v P - - - - - - - - -  ---- --------- ------- ----- ---- a*- - - a- 
Relatsve 

P re- impoctndment Post-fmpoundment Pre- impound~ent  Post -  1nlpoundlnent a: t r  a r ~ g e  
Lake level (m) 1 eve; jm)  area (kiil j ar --A* ea t ~ ~ z \  anrlr g X 

Not i g i  ~ e s e r v o i  r " f 53  584 +282 

Pe~ni ch i  yairiau 2 4 7 A  258 18,3 

Central Mynarski 251*1 258 l l a 5  

West  Myna!-ski 

R a t  

Pre - in lpnundmen t  w a t e r  area for N o t i g l  i s  the sum o f  the several lakes (Ilsted u n d ~ r  N o t i g l  i l e s e r v o i r  which e x f s t e d  
be f o r e  in~bol~ndment. +k 
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Table 4. Mean and range o f  t o t a l  FRercury concent ra t ions i n  various possible 
source materi a1 s a t  Southern i n d i  an Lake and N o t i  g i  Reservoir. 

Source Date sampled r~ Mean Rang;: 

%ai 1 A harimon 

Ssi l G hslrizoa 

Hake sediment Ju,ly-Aug 1980 

Suspended sediment Aug 1980 

Water Sept 1978 and 
J U I ~  1981 




