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ABSTRACT 

The Yukon mercury  survey was se t  up t o   e s t a b l   i s h  a data base o f  
mercury  concentrat ions  throughout   the  Terr i tory .  Samples o f   f i s h  muscle 

t issue,  sediment and water  were  obtained  from 38 water  bodies  around Yukon. 

Several moose t i s s u e  and water fowl   t i ssue samples  were a1 so analyzed  for  
mercury  concentrat ion. The p r o j e c t  was j o i n t l y  funded  by  the  Environmental 

P ro tec t i on   Se rv i ce  and Department o f   Nat iona l   Hea l th  and Welfare. 

Resu l t s   o f   t he  sampl i n g  were  compared w i t h   r e s u l t s   f o u n d   i n   t h e  

l i t e r a t u r e  from  other  areas. The genera l   f ind ing  was t h a t   t h e  Yukon i s  

problem  f ree i n  terms  of  mercury  contamination,  although  there  are a few 
areas   w i th   na tura l l y   e leva ted   concent ra t ions .  There i s  no evidence o f  
an th ropogen ic   mercu ry   po l l u t i on   i n  Yukon. 
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RESUME 

Des relevgs de la teneur  en  mercure  ont et& r&alis&s au 

Yukon  afin d'etablir une  banque  de  donnees  sur La 

concentration  de  ce  metal a la grandeur du territoire. Des 

gchantillons de tissu  musculaire de  Poisson,  de  sediments  et 

d'eau ont  et6  prelev6s  dans 3 8  nappes d'eau. Plusieurs 

echantillons  de  tissu d'orignal et de  sauvagine ont aussi E t e  

snalyses. Le programme a ete  finance  conjointement  par le 

Service  de l a  protection de l'environnement  et le ministere 

d e  la Sknt6 e t  du Bien-6tre  social. 

Les  resultats de l'echantillonnage ont t$tE compares a ce 

q u e  donnait la documentation  pour  d'autres  regions. De fa$on 

ggngrale, i l  ressort que le Yukon n'est pas contarnine par le 

mercure,  meme si, a quelques  endroits, la concentration d e  ce 

m6tal  est  naturellement  elevee.  Rien  ne laisse supposer 

W'il existe  une  pollution  anthropique  par le mercure. 
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CONCLUSIONS 

The 1977 Yukon mercury  sampling  program was reasonably  successful 

i n   f u l f i l l i n g   t h e   o b j e c t i v e s   o f   g a t h e r i n g   b a c k g r o u n d   d a t a  on mercury i n  the 

t e r r i t o r y .  The data, a1 though  l imi ted,  does  give a good ind i ca t i on   o f   a reas  
which  should  be sampl ed a g a i n   t o   c l a r i f y   t h e  1 im i ted   i n fo rma t ion   p rov ided  
i n   t h i s   r e p o r t .  

Areas of   concern were l a b e l l e d  as those where sediment 

concent ra t ions  were greater  than  or  equal   to 500 ppb Hg; and/or f i s h   t i s s u e  

mean concentrat ions  (by  wet  weight)   which were greater  than or equal t o  0.30 
ppb. The a r e a s   i d e n t i f i e d  by  these c r i t e r i a  were Fox Lake, Franc is  Lake, 

Lake  Laberge, L i t t l e   A t J i n  Lake, Mayo Lake, Porcupine  River,   Quiet  Lake, 

Simpson  Lake, T e s l i n  Lake, and poss ib l y   A i sh ih i k  Lake.  Each o f  these  lakes 

suppor ts   e i ther   spor t   f i sh ing ,   commerc ia l   f i sh ing   o r   na t ive   f i sh ing .  
The l a c k   o f   w i l d l i f e  samples was a weakness o f   t h i s   s t u d y   w h i c h  

should be corrected. Moose, caribou,  muskrat  and game b i rds   a re   w ide l y  

hunted and  used fo r   food  year   round  by   bo th   na t ive  and non-native Yukon 

res idents .  
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1.1 Rat iona le  
The mercury  survey  undertaken  by  the  Environmental  Protection 

Serv ice  (EPS) ,  Yukon, was i n i t i a t e d   f o r  a number o f  reasons. I n   t h e i r  1975 

study, Desai-Greenaway  and Pr ice   (1975)   ind ica ted  a potent ia l   mercury  (Hg) 

problem i n   v a r i o u s   a r e a s   i n  Canada and a need fo r  more data was emphasized. 

A thorough  inventory  of  background  data was recommended by A l l a n  ” e t   a l ,   i n  
t h e i r  1974 geo log ica l   s tudy ;   w i th   th is   in fo rmat ion  i t  might  be poss ib le  to 

avoid  unnecessary  development i n  areas where t h e   s y n e r g i s t i c   e f f e c t s   o f  

o ther   minera l  s and 1 igands  could compound the  mercury  problem. The 
avoidance  of  human exposure to dangerous  mercury  levels, and f u r t h e r  

degradat ion  of   the  environment  would  a lso be f a c i l i t a t e d .  

The Medical  Services  Branch  of  National  Health and We1 f a r e  

reques ted   t ha t  EPS under take  the  co l lect ion  o f   mercury  data  in   waterways  o f  

t he  Yukon i n   c o n j u n c t i o n   w i t h  a n a t i o n w i d e   e f f o r t  t o  pinpoint  problem  areas. 

Mercury was declared a top   p r i o r i t y   f o r   t he   Env i ronmen t   P ro tec t i on   Se rv i ce  

f o r  1977. It i s  a lso an i m p o r t a n t   p o l i t i c a l  , soc ia l ,  and environmental 

issue.  With  very l i t t l e  da ta   ava i l   ab le  from Yukon, t h i s   s t u d y  was 
undertaken  to  provide  up-to-date and w ide ly   d i s t r i bu ted   da ta   f rom  a reas   o f  

potent ia l   concern.  The areas  under  scrut iny were areas  which  could have 

natural   mercury,   or  where human contact   wi th   mercury  could  adverse ly   a f fect  

heal  th. 
The o b j e c t i v e s   o f   t h i s   s u r v e y  were t o  broaden  the  data base  and t o  

ass i s t   Na t iona l   Hea l th  and Welfare,  Indian and Nor the rn   A f fa i r s ,  and 
Environment Canada f u l f i l l   t h e i r   r e s p e c t i v e  mandates regarding  mercury i n  

Canada. 

1.2 Background 
Mercury has long been known as a hazardous  material  throughout  the 

world. It has been recognized as a major  problem i n   i n d u s t r i a l i z e d   n a t i o n s  
such  as Japan, Uni ted  States,  Canada, and Sweden (Peakal l  and Lovett,   1972). 
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Approximately 80 indust r ies,   past   or   present ,  use mercury i n  over 

3000 d i f f e r e n t  ways.  The major  present-day  uses o f  mercury  are i n  produc- 

t i o n   o f   e l e c t r i c a l   a p p a r a t u s  (13.1 t o  19.9% o f   wor ld   use)  and the   e lec t ro -  

l y t i c   p r e p a r a t i o n   o f   c h l o r i n e  and caus t ic  soda (10.2 t o  20.6% o f   w o r l d  use) 
(Peakall  and Lovet t ,  1972 1. As  many North  American  chlorine and caus t i c  

soda producers have conver ted   o r   a re   in   the   p rocess  o f  conve r t i ng   t o  use of 

the   d iaphragm  ce l l   ins tead  o f   the   mercury   ce l l  , t h i s  use o f  mercury will 

decl ine  considerably (George, 1976).  Mercury i s  used t o  a  considerable 
ex ten t   in   pharmaceut ica ls ,   denta l  analgams, d ry -ce l l   ba t te r i es ,  as a mildew- 

p roo fe r   i n   pa in t   manu fac tu r ing ,  as an ag r i cu l tu ra l   f ung ic ide ;  and, a major 
h i s t o r i c a l  use was as a s l i m i c i d e   i n   p u l p  and paper  manufacture  (Aaronson, 

1971 ; Peakall and Lovet t ,  1972;  MacGregor,  1975; George, 1976)  (Table  1). 
Mercury i s  used  as  a c a t a l y s t   i n  chemical  reactions, as a  mold f o r   p r e c i s i o n  

or  investment  cast ings,  and because of i t s   a b i l i t y   t o  absorb  neutrons, it i s  
use fu l  as sh ie ld ing  against   a tomic  rad iat ion (George,  1976). 

Mercury i s  a natura l ly   occurr ing  substance and man's  uses  increase 
t h e   c y c l i n g ,   r e d i s t r i b u t i n g  it t o  new and o f t e n   p o t e n t i a l l y  dangerous 

l o c a t i o n s  (Wood, 1972; Peakall  and Lovet t ,   1972) .   D i f ferent   mercury 

compounds pose  a varying  hazard  to  the  natural   environment,  and t h e   a l k y l  

mercury compounds are  the  most  hazardous  to man and o ther   l i v ing   o rgan isms 

(Aaronson,  1971 ; Peakall  and Lovett,  1972).  Mercury i n   t h e   a q u a t i c  

environment i s   even tua l l y   conve r ted  to methyl  mercury by microorganisms 
(MacGregor,  1975) and methyl  mercury i s  the  most  toxic o f  a l l  mercury  forms 

(Aaronson,  1971 1. 
Mercury i s   o f  concern because o f  i t s  ex t reme  tox ic i ty .  Once i n  

the  body, inorganic  mercury i s   c a r r i e d   i n   t h e  bloodstream to concentrate i n  
the  k idneys where i t  may cause f a t a l  damage.  The more hazardous  organic 

mercury compounds tend  to  attack  the  central  nervous  system  (Aaronson,  1971) 
and may r e s u l t   i n  permanent  mental o r   phys ica l   re ta rda t ion   o r   death  (Durham, 

1976).  Pre-natal  infants  are  most  susceptible  to  mercury  poisoning as the 

f e t a l   b r a i n  may concentrate two or   three  t imes more mercury  than  the 

maternal  brain, and the   b lood  o f   the   fe tus  may have a 30% higher  

concentration  than  the  mother  (Aaronson, 1971; Anon., 1973). I n  Minimata, 
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TABLE 1 UNITED STATES MERCURY CONSUMPTION BY USES; PRIMARY AND 
SECONDARY I N  ORIGIN (George, 1976) 

1972  1975 1976P 

Agr i cu l tu re *  
Amal gamati  on 
Cata lys ts  
Dental   preparat ions 
E lec t r i ca l   appara tus  
E l e c t r o l y t i c   p r e p a r a t i o n   o f   c h l o r i n e  and 

General  1  aboratory use 
I n d u s t r i a l  and contro l   ins t ruments 
Pa in t :  

caus t i c  soda 

A n t i   f o u l   i n g  
Mildew-proofing 

Pulp and paper  manufacture 
Pharmaceuticals 
Other** 

1  836 

800 
2 983 

15 553 

- 

11 519 
5 94 

6 541 

32 
8 190 

1 
578 

4 258 

Tota l  known uses 
Unknown uses 

Grand To t a l  

52 885 
22 

52  907 

600 
7 

838 
2 340 

16 971 

15 222 
335 

4 598 

6 928 - 
445 

1 750 

50 034 
804 

707 

473 
1 686 

26 423 

- 

15 433 
529 

4 572 

- 
7 846 

36 1 
3 026 

- 

64 546*** . .  
50 838 64 546 

Sources:  Preprint  from  the 1975 U.S. Bureau o f  Mines  Minerals Yearbook, for 
1972 and 1975 s t a t i s t i c s .  U.S. Bureau of Mines, Mineral   Industry  Surveys, 
"Mercury i n   t h e   F o u r t h   Q u a r t e r  1976", f o r  1976 s t a t i s t i c s .  

* Inc ludes   fung ic ides  and b a c t e r i c i d e s   f o r   i n d u s t r i a l  purposes. 
** Includes  mercury used f o r   i n s t a l l a t i o n  and expansion o f   c h l o r i n e  and 

*** The ind iv idua l   i tems do n o t  add to   t he   t o ta l   wh ich  has been increased t o  
caus t i c  soda p lants .  

cover  approximate  total  consumption. 

p p re l   im inary  - n i l  . . no t   ava i l   ab le  
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Japan, i n   t he   1950 ' s ,  many people and e s p e c i a l l y   c h i l d r e n  were d iscovered  to  

be suffer ing  f rom  mercury  poisoning (Durham, 1976).   This  t ragedy  set  up a 

world-wide  concern and subsequent i n v e s t i g a t i o n   i n t o   t h e  sources,  pathways, 

and  s inks  for   mercury i n  our  environment. 

F i g u r e  1 shows a schematic  diagram  of  the  global  mercury  balance 
as  portrayed  by MacGregor (1975). As  may be  seen from  the  diagram, much o f  

t h e   c i r c u l   a t i  ng  mercury i s  b r o u g h t   i n t o   c o n t a c t   w i t h   p e o p l e   e i t h e r  by a i r -  
borne  contaminat ion  or   f rom  the  water  supply.  Man i s  respons ib le   f o r  

i n c r e a s i n g   t h e   a v a i l   a b i l  i t y  o f  much o f   t h i s  mercury for   environmental  

c y c l i n g  by h i s   i n d u s t r i a l  uses. The airborne  burden  of  mercury  from 

indus t r i a l   sou rces  as we1 1 as domes t i c   bu rn ing   o f   f oss i l   f ue l  s has l e d   t o  an 
increase i n  mercury   con ten t   o f   the   Green land  i ce   sheet   (Bu l l  " e t  a1 , 1977 1. 
The b u r n i n g   o f   f o s s i l   f u e l s   c o n t r i b u t e s   t w i c e  as much mercury  to  the 
environment as t o   o t h e r   i n d u s t r i a l   s o u r c e s  (MacGregor , 1975 1, as coal and 
o i l  may conta in   t races  o f   mercury up t o  0.5 ppm (Aaronson, 1971 ). This  

evidence  g ives  credence  to   the  poss ib i l i ty   that   h igh  "background"   mercury 

l e v e l s   i n  remote  areas may be p a r t i a l l y  due to  atmospher ic  t ransport   f rom 
d i s t a n t  sources. 

Municipal  sewage t r e a t m e n t   f a c i l i t i e s  have  proven t o  be  a source 

o f  mercury  contaminat ion.   Bacter ia l   act ion  apparent ly   leads  to   the  conver-  

s ion   o f   i no rgan ic   mercu ry   i n to  more v o l a t i l e   o r g a n i c  forms  which  are sub- 

sequent ly  re1 eased t o   t h e  atmosphere  (Soldano " e t  a1 , 1975; Bisogni  and 

Lawrence,  1975).  Resource e x t r a c t i o n   ( p a r t i c u l a r l y   m i n i n g   o f   s u l f i d e   o r e s ) ,  
and re f i n ing   a re   a l so   impor tan t   sou rces   o f   mercu ry  (MacGregor,  1975). 

A n a l y s i s   o f  museum specimens o f   f i s h   f r o m   t h e  S t .  C1 a i r  R iver  

system done by Dr.  Frank D'Itri showed a th ree - fo ld   i nc rease   i n   mercu ry  

c o n t e n t   i n   c e r t a i n   s p e c i e s   f r o m  1965 t o  1970,  and  a f i v e - f o l d   i n c r e a s e   i n  

other  species  over  the same t ime   pe r iod  (Wood, 1972).  This  increase shows 

as an exponen t ia l   r i se   i n   mercu ry   con ten t   s ince   t he   open ing   o f  a nearby 

c h l   o r a l   k a l  i pl   ant .  

S i m i l a r  work was done by  Borg " e t  a1  (1966 1 w i t h   f e a t h e r s   o f   t h e  
Goshawk ( A c c i p i t e r   g e n e t i l i s ) .  It was found  that   f rom 1863 t o  1946 the mean 

mercury  concentrat ion i n   f e a t h e r s  was  2.2  ppm, whereas from 1947 t o  1965 

t h e  mean  was 29 ppm. Th is  shows more than a t e n - f o l d   i n c r e a s e   i n   r e c e n t  

y e a r s   w i t h   i n c r e a s e d   i n d u s t r i a l  use o f  mercury  (Peakall  and Lovett,  1972). 
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According  to A. Hanson o f   t he   Na t iona l  Swedish  Environmental 

Protect ion  Board  (Aaronson,  1971),   industr ia l   uses  of   mercury  account  for  
only  about 50 t o  60% o f   a l l  mercury, and pharmaceutical use o f  mercury 

accounts f o r  much of   the  remainder.  N.E. Cooke o f  Canadian Indus t r i es   L td .  
says an est imated 4500 l b s   o f  Hg per  year  are  f lushed  f rom homes from  broken 

thermometers and pharmaceutical  wastes i n  Canada alone. Cooke a l so   s ta tes  

14 000 l b s   o f  mercury  are  expel 1 ed annual ly  as  waste  from homes and 

h o s p i t a l s  and homes as over 30 000 thermometers  are  broken i n  Canada 
(Aaronson,  1971 1. 

The Whitehorse  General  Hospital  uses  about 8000 thermometers  per 

year,  and t h e   t o t a l  waste cont r ibu t ion   o f   mercury   i s   about  1700 g m o s t l y   t o  

t h e   s o l i d  waste  disposal  system and a s l i g h t  amount to   the  aquat ic   system 
(personal  communication, Dr .  0. D i m i t r o f f ,  NHW). 

According  to Dr .  C.R. Pugh, o f   the   Whi tehorse   Denta l   C l in ic  

(personal  communication)  approximately 1500 g t o  6800 g o f  mercury  (10 t o  14 

l b s )   a r e  used i n  dental  work each  year ,   but   on ly  a v e r y   i n s i g n i f i c a n t  amount 

o f   t ha t ;   l ess   t han   abou t  28 g (one  ounce) i s   l o s t   t o   t h e  sewage system. 
Mercury  content  of   water i s   u s u a l l y   q u i t e  low. MacGregor (1975) 

found an average  concentrat ion  o f  0.01  ppb i n   t h e   w a t e r   o f  Lake Powell. 

Mercury i n  the  water  column has an a f f i n i t y   f o r   p a r t i c u l a t e  and e s p e c i a l l y  
organic   mat ter  and i s   t h e r e f o r e  most  often  found i n   a s s o c i a t i o n   w i t h   t h e  

suspended s o l i d s  and the  sediments  of a water system.  Sediments may 

concentrate  mercury  to a f a c t o r   o f  3000 t imes  the  concentrat ion  found i n   t h e  
water  column  (Potter " e t   a l ,  1975).  Inorganic  mercury i s   r e l a t i v e l y  harmless 
b u t  once i n  the   sed iments ,   m ic rob ia l   ac t i v i t y  will conver t  it to  methy l  

mercury (Wood, 1972; B isogni  and  Lawrence, 1975) as any bacter ia   capable  o f  

v i t am in  812 synthes is  can methylate  mercury (Wood, 1972).   Microbial  

methy l   a t ion  o f   mercury may occur   e i ther   aerob ica l l y   o r   anaerob ica l l y .  The 
r a t e  depends on the  growth and metabol ic   ra te  o f   the  methy lat ing  organisms,  

as  wel l  as t h e   a v a i l a b i l i t y   o f   m e r c u r i c   i o n s   ( B i s o g n i  and Lawrence, 1975) an 

o the r   essen t ia l   nu t r i en ts  (Wood, 1972). 
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From the  sediments,  methyl  mercury i s  re leased  to   the   over ly ing  
water where i t  can e n t e r   t h e   f o o d   c h a i n   i n   f i s h  and other  aquatic  organisms. 

F i s h  may accumulate  mercury  from  contaminated  food  sources as we1 1 as  by 
d i f f u s i o n   o f  mono-and-dimethyl  mercury  across t h e i r   g i l l s  (Wood, 1972; 

Aaronson,  1971). The h a l f - l i f e   o f  methyl  mercury i n   f i s h   i s  so long  (Table 

2 ) t h a t  i t  tends  to  accumulate and may eventual l y  con ta in   l eve l  s o f  mercury 

which may be harmfu l   to  consumers, a1 though  the  f ish  themselves may  show  no 
symptoms o f  mercury  poisoning  (Aaronson,  1971 ). It i s   a l s o   e v i d e n t   t h a t  

ce r ta in   spec ies   o f   f i sh   concen t ra te   na tu ra l l y   h ighe r   t i ssue   mercu ry  
concentrat ions  than  other  species (Wood, 1972). 

F ish-ea t ing   water fowl   a lso   bu i ld  up mercury  concentrat ions i n  

t h e i r   b o d i l y   t i s s u e s   ( P e a k a l l  and Lovett ,   1972).   According  to J.A. K e i t h  

(Aaronson,  1971) o f   t h e  Canadian W i l d l i f e   S e r v i c e ,  Ottawa, the   reproduc t ive  

success o f   f ow l  may be   adverse ly   a f fec ted  by Hg, a1 though  apparent ly  there 
have  been no confirmed  mercury-induced  bird  deaths i n  Canada. In   A lbe r ta ,  

i n  1969 a ban was p l  aced  on the   hunt ing   o f   Hungar ian   par t r idge  because o f  
e levated  mercury  concentrat ions,   ev ident ly  due t o   t h e i r  consumption o f  

mercury- t reated  gra in  seed. 
Other  organisms i n  the  food  chain a1 so accumulate  mercury.  Bull 

" e t  a1 (1977)  have shown accumulations  of  mercury i n   s o i l ,   v e g e t a t i o n  and 

small mammals i n  t h e   v i c i n i t y   o f   c h l o r a l   k a l  i works, a1 though  the ha1 f - l i f e  

o f  mercury i n  small mammals i s  low and the  accumulat ions  are  not  

pronounced. 

The U.S. Food  and Drug  Admin is t ra t ion and the  Canadian Food and 

Drug  Di rectorate  have  set   safe  muscle  t issue  concentrat ion  leve ls   for   f ish 

a t  0.5 ppm  Hg (by  wet  weight)  (Aaronson,  1971).  This  level i s  considered 

safe  for   the  average  heal   thy  adul t .   According t o  Peakal l  and Love t t  (1972 1, 
an add i t iona l   sa fe ty   fac to r   shou ld   be   app l ied   fo r   p regnant  women t o   a v o i d  

danger to  the  unborn  fetus.  The World  Heal th  Organizat ion recommends a 

concent ra t ion   o f   no t   g rea ter   than 0.05 ppm  Hg i n   e d i b l e   f i s h   t i s s u e .   T h i s  

1 eve1 i s  based on the  est imated  average  North  American  consumption  of   f ish 

and  the known human b lood  concentrat ions  assoc iated  wi th   mercury  po isoning;  

a f a c t o r   o f  0.01 i s  appl i e d  as a safety  margin (MacGregor,  1975 1. 

.cr 

Y 

c 

Ill' 
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TABLE 2 METHYL MERCURY HALF-LIFE* I N  FISH (Wood, 1972) 

~~~ ~~ 

V a r i e t y  o f  F i sh  Days 

F1 ounder 

Perch 

P ike  

Ee ls  

400 t o  700 

500 

500 t o  700 

900 t o  1000 

* The t ime  requ i red  t o  e l   im ina te  ha1 f of the  methyl 

mercury. 
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Heal th  and Welfare Canada  recommends a safe  concentrat ion  of  

mercury i n   f i s h  as being 0.2 ppm  Hg fo r   peop le  who ea t  a l o t   o f   f i s h  (i.e., 

a t   l e a s t   t h r e e   o r  more f i s h  meals  per week) (personal  communication, Dr .  0. 

D i m i t r o f f ,   H e a l t h  and We1 f a r e  Canada) (Table 3 1. The 0.5 ppm 1 imit as 

mentioned above, was used f o r   f i s h   i n  Yukon.  The native  people  themselves 

c la imed  tha t   they  do n o t  consume more than   t h ree   f i sh  meal s per week 

throughout  the  year. They supplement t h e i r   d i e t   w i t h  moose, ca r ibou ,   w i l d  

fowl ,  and muskrat. 

Many suggestions  have been made as t o  how to  prevent   the  cont inued 

bu i ldup and d i s t r i b u t i o n   o f   m e r c u r y   i n   t h e   f o o d   c h a i n .  One e f f o r t  was the 

dredg ing   o f   the  bay a t  Minimata,  Japan, bu t   t h i s   mere l y  compounded the 

problem  by  making  the  mercury more r e a d i l y   a v a i l  ab1 e to   t he   me thy la t i ng  

organisms.  Covering  the  sediments  with 2 cm o f  fl ourspar t a i l   i n g s  has  been 

shown t o  reduce  the  methylat ion  of   mercury by 82% (Langley, 1973; Wood, 
1972 1. Another  sol   ut ion  to  improve  water  qual  i t y  would  appear t o  be 

r e d u c t i o n   o f   n u t r i e n t s   w h i c h   s u p p o r t   t h e   l i f e   o f   t h e   m e t h y l a t i n g   b a c t e r i a  

(Wood, 1972 1. To t h i  s end, i n t e r n a l   r e c y c l   i n g  , produc t   subs t i t u t i on ,  and 

metal   recovery  could be  imp1  emented  (MacGregor, 1975). 
F o r t u n a t e l y   t h e   c o n c e n t r a t i o n   o f   m e r c u r y   i n   t h e  Yukon environment 

i s   n o t   s e r i o u s l y   e l e v a t e d  and i s   n o t   a t t r i b u t a b l e   t o  any indus t r ia l   source .  
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2 METHODS 

2.1 Sample Locations 
All locations  as  described i n  Figure 2 and Table 4 were sampled 

f o r  sediments,  water, and f i sh  where possible. The  moose samples were 
obtained by the Environmental Protection  Service (Wolf Lake) and by the 
Yukon Terr i tor ia l  Game Branch (Two Horse Creek);  the ducks were obtained by 
the Canadian Wil d l  ife  Service.  

2.2 Sediments 
Sediment  samples were obtained u s i n g  an  Eckman grab sampler or a 

gravity-type sediment  core  sampler. The top 5 cm were scooped i n t o   s t e r i l e  
whirl-packbags,  sealed, and frozen  as soon as  possible. They were then 
shipped  frozen  to  the Environmental Protection  Service/Fisheries and Marine 
Service  Laboratory i n  West Vancouver for  analysis.  The samples were 
freeze-dried, passed  through a 100-mesh seive (150 m )  and weighed into 100 
ml beakers. A mixture of 8 ml of ( 1 : Z )  n i t r ic   acid/sulfur ic   acid and 1 m l  
of  concentrated  hydrochloric  acid was added to each beaker. These solutions 
were then  heated on a hotplate,  cooled and fi l tered  into  reaction  vessels.  
The mercury i n  the  reaction  mixture was reduced by a solution of 1% 
hydrazine  sulfate and 3% stannous  chloride for freshwater and sediment 
samples. For t issue samples, a solution of  2% hydroxyl amine sul f a t e ,  1% 
hydrazine  sulfate, and 3%  stannous  chloride was used. The mercury was 
atomized i n t o  the  absorption  cell u s i n g  i ne r t  argon  gas as a ca r r i e r .  The 
mercury  vapor content was then  determined by atomic  absorption 
spectrophotometry using the  cold vapor technique. 

2.3 Water 
Water samples were col 1 ec ted by EPS i n  acid-washed Nal gene ( 1 inear 

polyethylene)  bottles, and acidif ied for preservation w i t h  12.5 - 13 m l  of 
n i  tric-dichromate per 250 ml of  sample. They were then  shipped cool (4°C) 
t o  the EPS/FMS Laboratory i n  West Vancouver.  Decomposition was carried  out 
i n  the  following manner: a  sample portion was oxidized w i t h  6 ml of ( 1 : 2 )  
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I 
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I 

nitric  acid/sulfuric  acid  mixture,  followed by 2 ml of 3% potassium  persul- 
f a t e .  The reduction,  atomization, and determination were executed  as  des- 
cribed above (Section 2.2) .  Water samples were a1 so collected by Department 
of  Indian Affairs and Northern Development (DIAND) as  part of their   routine 
water-qual i t y ,  sampl i n g  program. 

The water  samples  obtained by DIAND were collected i n  s t e r i l e  
tef lon  bot t les .  The water was acidif ied w i t h  n i t r i c  dichromate i n  the 
f i el d ,  and  sampl es  were shi pped to  the In1 and Waters Directorate (Water 
Qual i ty  Branch) laboratory i n  Vancouver. The sample water was f i l t e r e d  
th rough  a 0.45 m membrane f i l t e r  and then 1 ml of concentrated  sulphuric 
acid was added per 100 m l  of sample. The samples were further  prepared by a 
technicon  autoanalyser and analysis was done by automated  atomic absorption 
spectrophotometry. 

2.4 Tissue  Analysis 
Fish were caught  either by angling  or i n  nets by Fisheries and 

Marine Service  f ield crews or by Environmental Protection  Service  field 
crews  (Appendix I ). The samples of f i sh   t i s sue ,  wil d l  i f e  , and waterfowl 
were taken u s i n g  an uncontaminated stainless-steel   blade and  were placed 
i n t o   s t e r i l e  whirlpack bags,  sealed and frozen  as soon as  possible. They 
were then  shipped  frozen  to  the  Pacific Environment Insti tute  laboratory i n  
West Vancouver for  analysis.  Samples were freeze-dried and a portion was 
placed  into  a  reaction  vessel. Samples were completely  digested by 
agi ta t ing them i n  a sulfuric  acid  solution. They were cooled and hydrogen 
peroxide was added to  the  reaction  mixture. The reaction  vessel was  pl aced 
on a hot  block for  approximately one hour,  then  cooled and 46 m l  of 0.1% 
potassium permanganate was added. The reduction,  atomization, and 
determination of  samples was carried  out by the same procedure  as described 
i n  section 2.2 fo r  sediment  samples. 

All the  data were p u t  i n t o  tables  (Appendix I ) ;  means and standard 
deviations were calculated  for fish (Table 5 )  and sediment and water 
results  (Table 6 ) .  There was not enough da ta  for  wi ld1  i f e   o r  waterfowl t o  
warrant  these  calculations.  Coefficients of determination (r2) and 
correl  a t ion  coeff ic ients  ( r )  were cal  cul  ated where a t  1 eas t  5 fish were 
sampled to  see i f  mercury concentrations i n  f i sh   t i s sue  were l inear ly  
dependent upon f i sh  1 ength  (Table 7) 
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TABLE 5 FISH TISSUE DATA (Wet Concentrat ions) - MEAN AND STANDARD DEVIATION 

Mean 
Species  Maxi-  Mini- 

t ra t i on   Dev ia t i on   Va lue   Va lue  
Locat ion Spec i es No. Concen- Standard mum  mum 

A i  s h i   h i  k a r c t i c   g r a y l   i n g  3 0.15  0.1790  0.36 0.05 
l a k e   t r o u t  3 0.26  0.3119 0.62  0.07 
1 ake whi t e f i  sh 5 0.07  0.0336  0.11  0.02 

A t 1   i n  Lake l a k e   t r o u t  6 0.16  0.0914  0.34 0.10 

L i t t l e  At1 i n  Lake nor thern  p ike 1 0.77 - - 
l a k e   w h i t e f i s h  10 0.1 5 0.9900 0.31  0.03 

Bennett Lake a r c t i c   g r a y l   i n g  1 0.02 - - - 
l a k e   t r o u t  5 0.18 0.0367 0.22 0.15 
1 ake w h i t e f i s h  5 0.10 0.1242 0.32 0.04 
longnose  sucker 5 0.06 0.01 30 0.07 0.04 

Bonanza Creek a r c t i c   g r a y l i n g  1  0.14 - - 
Bonnet P1  ume nor thern   p ike  3 0.20 0 . 0500 0.25  0.16 

F i   r t h   R i v e r   a r c t i c   g r a y l   i n g  5 0.05 0.0230  0.09  0.03 
round  wh i te f i sh  3 0.03 0.01 00 0.04  0.02 
a r c t i c   c h a r  2 0.03  0.071  0.03  0.02 

Fox  Lake 1 ake w h i t e f i s h  7 0.19  0.0923  0.37  0.12 
round  wh i te f i sh  1 0.09 - - - 
burbot  1  0.48 - - - 

Franc i s Lake l a k e   t r o u t  3 0.13  0.0351  0.16  0.09 
1 ake w h i t e f i s h  5 0.22  0.0422  0.29  0.19 
longnose  sucker 2 0.11  0.0071  0.11  0.10 

K1 uane Lake l a k e   t r o u t  2 0.08  0.0141  0.09  0.07 
1 ake w h i t e f i s h  1  0.21 - - - 

K lond ike   R ive r   a rc t i c   g ray l i ng  2 0.08  0.0212 - - 
K1 ukshu River coho  salmon 5 0.05 0.01 30 0.07 0.04 

sockeye  salmon 5 0.04  0.0084 0.05 0.03 

Lake  Laberge  lake  whi tef ish 12 0.26 0.1558 0.57  0.10 
burbot  2 0.45  0.0424  0.48  0.42 

L i a r d   R i v e r   a r c t i c   g r a y l i n g  5 0.09  0.0300  0.11  0.04 
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TABLE 5 FISH TISSUE DATA (Wet Concentrat ions) - MEAN AND STANDARD DEVIATION 
( Cont i  nued 1 

Mean 
Species  Maxi-  Mini- 

t ra t ion   Dev ia t ion   Va lue   Va lue  
Locat ion Spec i es No. Concen- Standard mum  mum 

Mayo Lake 

Old  Crow F1 a t s  

01 d  Crow River  

Pel l y  R iver  

Porcupine  River 

Q u i e t  Lake 

Schwatka  Lake 

Simpson  Lake 

S. MacMi 11 an River  

S. McQuesten River  

Squanga Lake 

Tagish Lake 

Tatlrnain Lake 

l a k e   t r o u t  
nor thern   p ike  
1 ake  whi t e f i  sh 
round  whi te f ish 

nor thern   p ike  

round  whi te f ish 
dog  salmon 
i nconnu 

a r c   t i c   g r a y l   i n g  

a r c   t i c   g r a y l  i ng 
nor thern   p ike  
1 ake w h i t e f i s h  
c h i  nook  salmon 
i nconnu 

a r c t i c   g r a y l   i n g  
l a k e   t r o u t  
1 ake whi t e f i  sh 
round  whi te f ish 
burbot  
1 ake c i sco  

nor thern   p ike  
1 ongnose sucker 

l a k e   t r o u t  
1 ake w h i t e f i s h  

a r c   t i c   g r a y l  i ng 

a r c t i c   g r a y l   i n g  

nor thern   p ike  
round  whi te f ish 

1 ake w h i t e f i s h  
burbot  

1 ake  whi t e f i  sh 

1 
3 
5 
4 

6 

2 
2 
1 

5 

5 
6 
2 
1 
1 

2 
5 
5 
5 
2 
5 

5 
5 

5 
5 

4 

3 

2 
5 

3 
3 

3 

0.46 
0.30 
0.05 
0.06 

0.06 

0.06 
0.05 
0.33 

0.09 

0.09 
0.39 
0.14 
0.09 
0.97 

0.14 
0.30 
0.12 
0.18 
0.38 
0.20 

0.1 3 
0.07 

0.52 
0.13 

0.08 

0.03 

0.08 
0.03 

0.07 
0.10 

0.09 

- 
0.2468 
0.01 64 
0.0100 

0.0223 

0.000 
0.000 - 
0.0356 

0.01 22 
0.2600 
0.0424 - 
- 
0.2120 
0.0832 
0.0381 
0.0409 
0.3748 
0.5540 

0.0606 
0.031 1 

0.1582 
0.0265 

0.0096 

0.0000 

0.0424 
0.0114 

0.0306 
0.0361 

0.0153 

- 
0.57 
0.07 
0.06 

0.07 

0.06 
0.05 - 
0.15 

0.11 
0.86 
0.17 - 
- 
0.15 
0.42 
0.18 
0.24 
0.65 
0.30 

0.22 
0.11 

0.72 
0.16 

0.09 

0.04 

0.21 
0.05 

0.10 
0.13 

0.10 

- 
0.09 
0.03 
0.04 

0.04 

0.06 
0.05 - 
0.06 

0.08 
0.13 
0.11 - 
- 
0.12 
0.22 
0.08 
0.13 
0.12 
0.17 

0.08 
0.04 

0.32 
0.09 

0.07 

< 0.02 

0.15 
0.02 

0.04 
0.06 

0.07 
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TABLE 5 FISH TISSUE DATA (Wet Concentrat ions) - MEAN AND STANDARD DEVIATION 
(Conti  nued) 

y l l l  

Mean 
Species  Maxi - Mi n i  - 
t ra t i on   Dev ia t i on   Va lue   Va lue  

Location  Species No. Concen- Standard mum  mum 
r 

Tesl i n  Lake l a k e   t r o u t  
nor thern   p ike  
1 ake w h i t e f i s h  
burbot  
1 ongnose sucker 

Yukon R i v e r   a r c   t i c   g r a y l  i ng 
(Dawson 1 1 ake w h i t e f i s h  

round  whi te f ish 
burbot  
1 ongnose sucker 
dog  salmon 
c h i  nook  salmon 

Yukon R i v e r   a r c   t i c   g r a y l  i ng 
(Takhin i  ) 1 ake w h i t e f i s h  

round  wh i te f i sh  
burbot  
1 ongnose sucker 

1 
1 
4 
7 
1 

6 
2 
2 
1 
1 
6 
5 

1 
6 
5 
4 
5 

0.09 
0.23 
0.12 
0.34 
0.07 

0.07 
0.19 
0.08 
0.41 
0.26 
0.03 
0.04 

0.22 
0.1 1 
0.09 
0.24 
0.16 

- 
0.0762 
0.1 771 

- 

- 
0.0853 
0.1536 
0.0141 - 
0.0147 
0.01 64 

- 

- 
0.0451 
0.0370 
0.0427 
0.0652 

- - m 

0.23 0.06 
0.65 0.17 
- - 

yw 

0.24 < 0.02 
0.30 0.08 
0.09 0.07 H. 

- - 
0.05 < 0.02 .I 

0.07 0.03 

- - 
0.15 0.04 
0.14 0.05 
0.27 0.18 
0.27 0.10 L* 

w il 
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TABLE 6 WATER AND SEDIMENT DATA: MEANS AND STANDARD DEVIATIONS 

Locat ion 

A i  s h i   h i  k 

Bennett Lake 

Bonanza  Creek 

Bonnet P1  ume 
Dezdeash R iver  

F i   r t h   R i v e r  

Franc is  Lake 

Hunker  Creek 

K1 uane Lake 

K1 ondi   ke  River 

K1 ukshu R iver  

Lake  Laberge 
L i a r d   R i v e r  

L i t t l e  Salmon Lake 

Marsh  Lake 

Mayo Lake 
Mount Nansen Creek 

Old  Crow F l a t s  
01 d  Crow River  

Porcupine  River 

Q u i e t  Lake 

Rose Creek 
Schwatka  Lake 

Simpson  Lake 
South  MacMil lan  River 

South McQuesten R iver  

Sediments  Water 

Mean  Hg  Mean  Hg 
Concentration  Standard  Concentration  Standard 

pp b Dev ia t i on  ppb Dev ia t i on  
10 - 0.02 

596.7  0.2804  0.203  0.0010 

23.3 0.0058 0.02 - 
46.7 0.0115 0.02 - 

326.7 0.4110 - - 
- - 0.02 - 

513.3 0.1079 0.02 - 
20 0.02 0.02 - 
46.7 0.011 5 0.22 0.1144 

26.7 0.0058 0.02 - 
70.0 0.0265 0.02 - 
- 1 o s t  0.02 - 

l o s t   i n   a n a l y s i s  - - 
23.3  0.0058 0.02 - 

345.0 0.5229 0.02 - 
20 0.000 0.02 - 
- - 0.02 - 

23.3 0.0058 0.02 - 
26.7 0.0058 0.02 - 
33.3 0.0058 0.02 - 
20.0 - 0.02 - 

286.7 0.4040 - - 
343.3 0.1443 - - 
310.0 0.1758 0.02 - 

53.3 0.0058 0.02 - 
93.3 0.0058 0.02 - 
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TABLE 6 WATER AND SEDIMENT DATA: MEANS AND STANDARD DEVIATIONS 

Sediments  Water 

Mean  Hg  Mean  Hg 

Location  Concentrat ion  Standard  Concentrat ion  Standard 
ppb Dev ia t i on  ppb Dev ia t i on  

Squanga Lake 20.0 - 0.02 - 
Tagish  Lake 20.0 - 0.02 - 
Tatlmain Lake 26.7 0 . 0058 0.02 - 
Tesl i n  Lake 800.0 0.3500 0.041 6 0.094 1 
Tesl i n   R i v e r  176.7 0.0115 - 
Wolf Lake 60.0  0.0436 0.02 - 
Yukon R iver  (Dawson) 43.3 0.0058 0.02 
Yukon River  (Whitehorse to 

Lake  Laberge) - - 0.02 - 

" - ' I  = No samples  taken. 
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TABLE 7 CORRELATION OF FISH CONCENTRATION AND FISH LENGTH* 

C o e f f i c i e n t  o f  Determinat ion 

SPecies r 2  r Locat ion  
1 

A i  s h i   h i  k Lake 1 ake w h i t e f i s h  0.90 0.95 

A t 1   i n  Lake l a k e   t r o u t  0.61 0.78 

L i t t l e  At1 i n  Lake 1 ake w h i t e f i s h  0.34 0.58 

Bennet Lake l a k e   t r o u t  
1 ake w h i t e f i s h  
1 ongnose sucker 

0.49 
0.23 
0.47 

0.70 
0.48 
0.69 

F i   r t h   R i v e r   a r c   t i c   g r a y l  i ng 0.88 0.94 

Fox  Lake 1 ake  whi t e f i  sh 0.22 0.47 

Lake  Laberge 1 ake w h i t e f i s h  0.04 0.20 

L i a r d   R i v e r   a r c   t i c   g r a y l  i ng 0.20 0.45 

Marsh  Lake  lake  t rout  1 .oo 1 .oo 

Mayo Lake 1 ake w h i t e f i s h  0.44 0.66 

O ld  Crow F l a t s   n o r t h e r n   p i k e  0.23 0.48 

Porcupine  River a r c   t i c   g r a y l   i n g  
no r the rn   p i ke  

0.0014 
0.32 

0.04 
0.57 

Schwatka  Lake nor thern  p i ke  
1 ongnose sucker 

0.74 
0.60 

0.86 
0.77 

Simpson  Lake l a k e   t r o u t  
1 ake w h i t e f i s h  

0.22 
0.12 

0.47 
0.35 

South MacMi 11 an R i v e r   a r c t i c   g r a y l   i n g  0.38 0.62 

Yukon R i v e r   a t   T a k h i n i   R i v e r   l a k e   w h i t e f i s h  
round whi t e f i  sh 
bu rbo t  
1 ongnose sucker 

0.02 
0.44 
0.85 
0.00015 

0.14 
0.66 
0.92 
0.01 

* Only   those  spec ies  wi th   four   or  more ind iv idua ls   per   water  body were  used i n  
t h i s   c a l c u l a t i o n .  
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3 RESULTS 

The da ta   ob ta ined  dur ing   th is   survey   a re   p resented   in  Appendix I. 
I n  Tables 5 and 6, the  concentrat ion means and s tandard  dev iat ions  are 

presented. 
I n   l o o k i n g   a t   t h e   r e s u l t s ,   t h e   c o n c e n t r a t i o n   o f  0.5  ppm  Hg i n  

m u s c l e   t i s s u e   o f   f i s h  and w i  1 d l   i f e   i s  used as the maximum acceptable 1 evel 

(as recommended by the  Canadian Food  and Drug  Di rectorate)  

Mercury i n  water i s  genera l l y   undetec tab le   a t   concent ra t ions   less  

than 0.20 ppb, using  the  standard  lab  procedures employed  by the EPS/FMS 

l a b o r a t o r y   i n  West Vancouver. F o r   p r o t e c t i o n   o f   a q u a t i c   l i f e ,   t h i s  

concentrat ion (0.2 ppb) i s  recommended as maximum des i rab le  1 eve l   f o r  

mercury. The  recommended c o n c e n t r a t i o n   f o r   d r i n k i n g   w a t e r   i s  2.0 ppb Hg 
(EPA, 1972 1. 

The background  concentrat ion  for  mercury i n  apparent ly 
uncontaminated  sediments i s  50 t o  100  ppb. Any concent ra t ion   in   the   range 

o f  100  ppb - 1000 ppb i s  cons idered  s l ight ly   contaminated,  and e levated 
concen t ra t i ons   i n   f i sh   a re   usua l l y   assoc ia ted   w i th  any concentrat ion  greater  

than 1000  ppb Hg i n   t h e  sediments  (personal  communication, Griff Sherbin, 
EPS, Ottawa). The on ly   regu la t ion   per ta in ing   to   mercury   in   sed iments  i s  s e t  

by   t he   On ta r io   M in i s t r y   o f   Env i ronmen t ,   s ta t i ng   t ha t  i f  any dredging by 
normal  pract ices i s  t o  be ca r r i ed   ou t ,   t he  maximum sediment  concentrat ion 

cannot  exceed 300 ppb Hg (personal  communication, Griff Sherbin, EPS, 

Ottawa). The Ocean Dumping Cont ro l   Ac t  has s im i la r   regu la t i ons   gove rn ing  

ocean  dredging,  but  the maximum concentrat ion s t i  pu l   a ted  under   th is   act  i s  
750  ppb Hg i n   t h e  sediments  (Ocean Dumping Control  Act, Ocean Dumping 

Control  Regul a t i   o n s )  . 
Observations on t h e   r e s u l t s   o f  Yukon mercury  sampling  are  based on 

1 i m i t e d  data. I n  some cases  the  sample  size was too  smal l   to  be 

s t a t i s t i c a l l y   s i g n i f i c a n t .  The data does i d e n t i f y   a r e a s   o f   a p p a r e n t l y  

e levated  mercury  concentrat ions,   which  could  potent ia l ly  pose a t h r e a t   t o  
humans i f  consumption  increased  substant ia l ly .  

Unless  discussed i n   t h e   f o l l  owing  sect ion (Tab1  e 8 ) ,  a1 1 water, 
sediment, and f ish  mercury  concentrat ions were  below  the  level s o f  concern 

as  mentioned  (Table 3 ) .  
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3.1 F i s h  - 
I n   A i s h i h i k  Lake, one l a k e   t r o u t  was found t o   c o n t a i n  0.62  ppm  Hg, 

a l though  the mean concent ra t ion  was on ly  0.26  ppm  Hg. 

I n  Lake  Laberge, 12 l ake   wh i te f i sh  samples  were taken and on ly  one 

was found  to  have a c o n c e n t r a t i o n   o f  0.57  ppm  Hg. The mean concentrat ion 
was on ly  0.26 ppm  Hg. (Two o ther   lake   wh i te f i sh   f rom Lake Laberge were j u s t  

below  the 0.5  ppm  maximum, a t  0.44  ppm and 0.45 ppm.  Two burbot  were a l so  

j u s t  below t h i s  limit a t  0.42  ppm and 0.48 ppm  Hg i n  the  muscle.) 

A s i m i . l a r   s i t u a t i o n   e x i s t e d   i n  Mayo Lake  where one o f   t h r e e  

no r the rn   p i ke  sampled  had a muscle  concentrat ion  o f  0.57 ppm  Hg  a1 though  the 
mean concent ra t ion  was on ly  0.30 ppm. 

One n o r t h e r n   p i k e   ( o f   s i x  sampled)  from  the  Porcupine  River  near 

O ld  Crow had a mercury  concentrat ion  o f  0.86 ppm  Hg  a1 though  the mean value 
was  0.39 ppm. (Two o thers  were s l i g h t l y   l o w e r   t h a n   t h e  0.5 ppm limit a t  

0.45 and 0.40 ppm). Only one inconnu was sampled  from  the  Porcupine  River 

and was found  to  have a muscle  concentrat ion  o f  0.97  ppm Hg. 

From Q u i e t  Lake  two burbot  were  sampled  and one had a 
c o n c e n t r a t i o n   o f  0.65  ppm  Hg  a1 though  the  species mean concent ra t ion  was 

0.38 ppm  Hg. O f  f i v e  1 ake t r o u t  from t h i s  1 ake, one contained 0.42 ppm 

mercury ,   aga in   jus t  1 ess than  the 0.5 ppm  maximum acceptable 1 imi t. 
Simpson  Lake was sampled  and o f   t h e   f i v e   l a k e   t r o u t   a n a l y z e d ,  

th ree   con ta ined  e leva ted   mercury   concent ra t ions   a t  0.72  ppm, 0.55 ppm and 
0.59 ppm  Hg i n  muscle  t issue. (One l a k e   t r o u t  had 0.40 ppm  Hg i n  muscle 
t i s s u e  and one had on ly  0.32 ppm.) The mean concent ra t ion  o f  mercury i n  
muscle  t issue o f  l ake   t rou t   f rom Simpson  Lake was  0.52  ppm  Hg. 

From Tesl i n  Lake  seven burbot  were  sampled  and one contained 0.65 
ppm o f  mercury,  two  were j u s t   b e l  ow the  0.5 ppm 1 imi t a t  0.40 and 0.43  ppm 

Hg. The mean mercury   concent ra t ion   fo r   th is   spec ies   in   Tes l in  Lake was  0.34 

PPm 
Only one nor thern   p ike  was caught i n   L i t t l e  At1 i n  Lake  and was 

found  to   conta in  0.77  ppm  Hg. All o t h e r   f i s h   f r o m   t h i s   l a k e   c o n t a i n e d  

mercury  concentrat ions  wel l   below  the 0.5 ppm  maximum. 
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One burbot  from Fox  Lake contained 0.48 ppm  Hg i n  muscle  t issue. 

O the r   f i sh   f rom  th i s   l ake  had lower   concent ra t ions   o f  mercury. One burbot  

f rom  the Yukon R i v e r   a t  Dawson had  a musc le   concent ra t ion   o f  0.41 ppm  Hg, 

and a l l   o t h e r   f i s h   f r o m   t h a t   l o c a t i o n  had lower  values. It should be 

ment ioned  that   consi   derabl  e v a r i a b i l  i ty i n   r e s u l   t s  may be due to   the   var ious  
ages o f   f i s h ,   t h e i r  sex, weight and leng th ,   un fo r tuna te l y   t h i s   i n fo rma t ion  

was unavai l  ab1 e i n  most  cases. 

3.2 Sediments 
Simpson  Lake  had a mean sediment  mercury  content  of 310  ppb. All 

t h r e e   o f   t h e   s e d i e n t  samples  from t h i s   l a k e  were i n   t h e  range o f   s l i g h t  

contaminat ion (100-1000  ppb) a t  180  ppb,  510  ppb  and  240  ppb Hg. T e s l i n  

Lake  had  sediment  concentrations o f  1200  ppb,  550  ppb  and  650  ppb w i t h  a 
mean concen t ra t i on   o f  800  ppb Hg.  Some f i s h  samples  from  Teslin  Lake were 
e levated as may be  expected  wi th  e levated  sediment  concentrat ions.   Tesl in 
Lake a lso  had  one water sample concentrat ion (0.43 ppb)  which was above the 

acceptab le   va lue   o f  0.2 ppb Hg. 

Other  waterways w i t h  mean sediment  concentrat ions i n   t h e   " s l   i g h t l y  

contaminated"  range  were  Bennett  Lake  with a mean concen t ra t i on   o f  596.7 
ppb,  Dezadeash R i v e r   a t  326.7 ppb, Franc is  Lake w i t h  513.3 ppb,  Marsh  Lake 

a t  345 ppb, Rose Creek a t  286.7 ppb,  Schwatka  Lake a t  343.3 ppb,  and the 
T e s l i n   R i v e r   a t  176.7 ppb Hg. Fur ther  work i n  many of   these  areas  would be 

u s e f u l   i n   o r d e r   t o  add s i g n i f i c a n c e   t o   t h e s e   r e s u l t s .  

3.3 Water 

The 1 eve1 o f  concern f o r  mercury i n  water was  0.02 ppb  (Tab1 e 3). 

(Due t o  a v a r i a t i o n   i n   a n a l y t i c a l   p r o c e d u r e s ,   t h e   d e t e c t i o n  limit for   DINA's  
r e s u l   t s  was 0.05 ppb) . The resu l  t s  o f  DIAND's wa te r   t es t i ng  were 

occas iona l l y   incons is ten t ,  and the  ext raord inary  e levated  va lues  could be 
due t o  sudden pul  ses o f   h igh   concen t ra t i ons  o f  mercury, o r   t o   con tamina t ion  

r e 1   a t e d   t o  sample c o l  1 ect ion  and/or   analys is  . 

CI 

Y 
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A t  the Venus Mine  (Gold and S i lver   m in ing)  a value o f  0.38 ppb Hg 

was obtained on August 22, 1975, f rom  the   e f f l uen t   s t reams   i n   t he   t a i l i ngs  

pond, and on June 22 the  seepage  had 0.23 ppb Hg. In  the  Whitehorse  area, a 
sample from  the Yukon R iver  a t  the  Whitehorse Copper Mine pumphouse had 0.49 

ppb Hg, on September 1, 1977. I n  Tagish  Lake a t   t h e   c e n t e r   o f  Windy Arm a 
va lue   o f  1.2 ppb Hg  was found on September 4, 1975. 

The t a i l i n g s  and e f f luen t   f rom  the  Cyprus Anvil  Mine  (Lead,  Zinc 

and S i l ve r   m in ing )  were excessive (8.5 and 0.40 ppb Hg) on March  3  and 

September 22, 1976.  The seepage and e f f l u e n t  had been e levated i n  1975 t o  

0.32 ppb Hg and 0.70 ppb Hg on August 6 and August 26 r e s p e c t i v e l y .   I n  Rose 

Creek a d j a c e n t   t o   t h e   t a i l i n g s  pond, a va lue   o f  0.60 ppb Hg  was obtained 
August 6, 1975. In   the  area  o f   the  Kerr -Addison (Lead, Zinc and S i l v e r  

min ing)   proper ty ,   the  e f f luent   f rom  the "Grum d e p o s i t "   s e t t l i n g  pond was 1.6 
ppb Hg on March 10,  1976, and 0.31 ppb Hg on  December 1, 1976 and on 

September 22, 1976 a va lue   o f  3.8 ppb Hg  was recorded  fo r   the   e f f luen t   f rom 

a p o r t a l   t o   t h e   s e t t l i n g  pond. Vangorda  Creek ( e a s t f o r k )  had 0.30 ppb Hg on 

August 6, 1976, and 1.3 ppb Hg  on August 27, 1976. On March 10, 1976 an 

e x t r a o r d i n a r i l y   h i g h   v a l u e   o f  14 ppb was recorded a t  Vangorda  Creek  above 

the  road and campsite. 
I n   t h e  Mt .  Nansen (Gold and S i lver   m in ing)   a rea  two s l i g h t l y  

elevated  values were  found: 0.40 ppb Hg from t h e   t a i l   i n g s  pond e f f l u e n t  on 
June 23, 1975; and 0.31 ppm  Hg i n   t h e   e f f l u e n t   a d i t  on A p r i l  21,  1975. 

The Uni ted Keno Hi1 1 (S i l ve r ,  Lead and Zinc  mining)  area had 0.40 
ppm  Hg i n   t h e   e f f l u e n t  a t  Keno 700 on November 24,  1976. On J u l y  15, 1975, 

a t   t h e   t i m e s   n o t e d   f o r   F l a t  Creek (Appendix I11 1, the  concentrat ions i n  the 

s e t t l i n g  pond e f f l u e n t  were 2.5 ppb, 0.12 ppb, 0.38 ppb, 1.3 ppb and 0.20 
ppb Hg.  On August 12, 1975, the  concentrat ion was  0.40 ppb Hg. A creek 

below No Cash a d i t  500 had a mercury  concentrat ion  of  12.0 ppb  which was 

except ional ly   h igh.  Lower Faro  Gulch had 1.2 ppb Hg on J u l y  17, 1975; Lower 
Gambler Gulch was 1.1 ppb Hg on J u l y  16, 1975; Crys ta l  Creek a t   t h e  Keno 

City road was 0.63 ppb Hg on J u l y  16, 1975; and a t   t h e  McQuesten Road 
cross ing  that   creek was  0.78 ppb Hg  on the same day. The South  McQuesten 

R iver  above Hanson Lake was 0.28 ppb Hg on J u l y  17, 1975; the  Ladue River  

above F a i t h  Creek was  2.2 ppb Hg a lso  on J u l y  17, 1975. 
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4 DISCUSSION 

I n   i n t e r p r e t a t i o n   o f   t h e   r e s u l t s   o f   m e r c u r y   i n   f i s h  and  sediments, 

i t  i s  he1 p f u l   t o   r e 1   a t e   t h e s e   r e s u l t s  t o  the 1 i t e r a t u r e .  Westoo  and Rydal v 
(1969) ( i n   P e a k a l l  and Lovett ,   1972)  found  that   near ly a1 1 the  mercury 

c o n t a i n e d   i n   f i s h   t i s s u e  was i n   t h e  form  methylmercury.  This  methylmercury 
i s  d i s t r i b u t e d   t h r o u g h o u t   t h e   f i s h  and concentrated i n   d i f f e r e n t   t i s s u e s ,  

each  species  having a d i s t i n c t   r a t i o   o f  mercury i n  muscle and non-muscle 

t i s s u e   ( P o t t e r  " e t   a l ,  1975)  regardless  of   the  source  or mode o f   up take  

(McKim " e t   a l ,  1976).  Hannerz  (1968)  found  that upon i n i t i a l  exposure o f  a 

f i s h   t o  mercury,   the  h ighest  metal   concentrat ions will be i n   g i l l ,   k i d n e y  

and l i v e r   t i s s u e .   A f t e r  removal  from  mercury  exposure a r e d i s t r i b u t i o n   o f  

mercury  occurs  with  decreases i n  muscle and 1 iver   concent ra t ions   (Peaka l l  

and  Lovett, 1972 1. The t issues  to   which  mercury i s  re1  ocated  appear  to be 
skin,  muscle and  bone  (Wobeser, 1975). I n  most f ish  spec ies,   mercury seems 

t o  accumnul a t e   i n   m u s c l e   t i s s u e ,   b u t   i n   t r o u t  it accumnul a t e s   i n   h e a v i l y  

vascu la r ized   t i ssues  with muscle  hav ing  the  lowest   concentrat ion  (Pot ter  - e t  

- a1 , 1975). 

h a v e   i m p l i c a t i o n s   f o r   i n t e r p r e t a t i o n   o f   t h e   r e s u l t s   o f   t h e  Yukon study. 
Only  dorsal   muscle  t issue was analyzed  for   mercury  content  as  th is i s  the 

p a r t  most commonly used f o r  food. I f  f u r t h e r  work i s  done, i t  would  be 
i n t e r e s t i n g   t o  sampl e no t   on ly   musc le  ti ssue b u t  a1 so 1 i ve r ,   k i dney  and 

whole body concent ra t ions .   Th is   wou ld   he lp   to   c la r i f y  any mis leading 

conclusions based o n l y  on muscle  t issue  concentrat ions.  Data  should  also 

inc lude  leng th ,  age, weight and  sex  as these  fac to rs  have  documented a f f e c t s  
on t i ssue  concent ra t ions .  

The v a r y i n g   d i s t r i b u t i o n   o f   m e r c u r y   i n   t i s s u e s   o f   t h e   f i s h  may 

Phys io log i ca l   e f fec ts   o f   mercu ry   a re  somewhat s i m i l a r   t o   t h o s e  

assoc ia ted   w i th   o ther  heavy  metal s. Gill damage i s  p reva len t   w i th  a1 1 

mercury compounds; t he   exac t   t ype   o f  damage depends  upon the compound 

(Wobeser,  1975). The e p i   t h e 1   i a l  damage commonly found  wi th  other  metal  s i s  

n o t   e s p e c i a l l y   e v i d e n t   i n   f i s h  exposed to  mercury  contaminat ion (MacLeod  and 

Pessah,  1973). 
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Mercury  impairs  the  o l   factory  response so tha t   the   g rea ter   the  

exposure  to  mercury,  the  less  the  response. A c o n c e n t r a t i o n   o f  0.10 ppm 
HgC12  was found, i n  experimental work, t o  be the minimum ambient 

concent ra t ion   to  cause a depression i n  response. The o l   f a c t o r y  response i s  

impor tant   in   feeding,   migrat ion,   predator-prey  re la t ionships,   sexual  and 

soc ia l   behavior  and depress ion   o f   o l   f ac to ry   sens i t i v i t y   cou ld  have  severe 
i m p l i c a t i o n s   f o r   t h e   r e l a t i o n s h i p  of f i sh   w i th   t he i r   env i ronmen t   (Hara  - e t  
- a1 , 1976).  There  are  several anadromous f i s h   s p e c i e s   t r a v e l  1 i n g  Yukon 

waterways and  any o f   these  cou ld  be  adversely  affected  by  aquatic  mercury 

concentrat ions.  
All Yukon f i sh   spec ies   cou ld  be a f f e c t e d  by  changes i n   s o c i a l  and 

mating  behavior, and e s p e c i a l l y  by any r e d u c t i o n   i n   r e p r o d u c t i v e  success. A 
c o n c e n t r a t i o n   o f  1.0 ppm  Hg will d r a s t i c a l l y   i m p a i r   t r o u t  sperm v i a b i l i t y  

(Mclntyre,  1973).  Brook  trout were  used  by McKim " e t  a1 (1976) i n   t e s t s   w i t h  
th ree   genera t i ons   o f   f i sh .  It was f o u n d   t h a t   t h e   a d u l t   f i s h   ( f i r s t  
generat ion)   could  reproduce,   but   wi th  sl i g h t l y   l i m i t e d  success. Second 

generat ion embryos showed severe  deformit ies and many d id   no t   ha tch ,  and 

t h i r d   g e n e r a t i o n   ( v i a b l e   o n l y   i n   l o w e r   c o n c e n t r a t i o n s )  were  deformed and 

none survived  longer  than  three weeks a t  0.93 ppb Hg in   t he   wa te r .  A1 though 

no concentrat ions o f  mercury i n  Yukbn waterways  were cons is ten t l y   e leva ted  
t o   t h i s   e x t e n t ,  some areas had concentrat ions  which may be h i g h  enough 

(Tab1 e  6  and Appendix I 1  I t o  cause some d i s r u p t i o n   i n   r e p r o d u c t i v e  success 

and v i a b i l i t y   o f   t h e  fry. I f  elevated  mercury  concentrat ions were 
cons is ten t   near  a mine or   o ther   po ten t ia l l y   con taminated   a rea   dur ing  

spawning,  the  population may be  reduced. 

A d i r e c t   r e l a t i o n s h i p  between the age  and size  (body  weight)   of  

f i s h  and the i r   suscep tab i l  Sty to  mercury  poisoning has  been  documented 

(Wobeser,  1975). I n   e a r l y   s t a g e s   o f  development, f i s h  have a lower 

r e s i s t a n c e   t o   t h e   t o x i c   e f f e c t s   o f   m e r c u r y  (McKim " e t  a1 , 1976 1. As the 

pe r iod   o f   exposure   i nc reases ,   t he   accumu la t i on   ra te   o f   mercu ry   i n  body 
t i ssues   inc reases  (McKim " e t   a l ,  19761, b u t   w i t h   i n c r e a s i n g  age  and size,  

f i s h  have   i nc reased   res i s tance   t o   t he   t ox i c   e f fec ts   o f   mercu ry  (Wobeser - e t  
- a l ,  1975).  Water  temperature i s  a1 so impor tant  as  warmer water  encourages 

faster   accumulat ion  o f   mercury (MacLeod  and  Pessah , 1973 1. With  cold  water 

i n  the  Yukon the  accumulat ion  rate  would be minimized. 
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The r e s u l t s   f o r   f i s h   l e n g t h s  and mercury  concentrat ion  obtained i n  

t h i s   s t u d y  showed l i t t l e ,   c o n s i s t e n t ,   p o s i t i v e ,   l i n e a r   c o r r e l a t i o n   f o r   l a k e  
wh i te f i sh   o r   no r the rn   p i ke   (Tab le   7 ) .   A rc t i c   g ray l i ng ,   l ake   t rou t  and 

longnose  sucker show a tendency f o r   p o s i t i v e   c o r r e l a t i o n ,  as do burbot  and 

round  whi te f ish.  Any conclusions based on such l i m i t e d  data  are  not  

s t a t i s t i c a l l y   v a l i d .   T h i s   d a t a  does s u p p o r t   t h e   r e s u l t s   i n   l i t e r a t u r e   t o  

some extent ,  and  any future  sampl ing  should  include  weight,  age,  and l e n g t h  

o f   f i s h ,  if any such c o r r e l a t i o n   i s   t o  be substant iated. 
F ish   mercury   concent ra t ions   a re   var iab le   th roughout   the   wor ld .   In  

Sweden, Johnel s " e t  a1 , (1967 ) found a  one k i  1 o ( s t a n d a r d   f i s h   p i k e   t o  have 

300 ng/g (0.3 ppm) t issue  concentrat ion  o f   mercury.  McKim " e t  a1 (1976) 

quote  several  sources  denoting normal  background l e v e l  s f o r   f i s h   t i s s u e  as 
b e i n g   i n   t h e   r a n g e  0.018 t o  0.20 ppm. Westoo  and Rydal v (1969)  sampled 

approximately 3000 f i s h   f r o m  44 l o c a t i o n s   i n  Sweden and found  average  t issue 
concen t ra t i ons   o f  0.2 - 5 ppm  Hg, w i t h  most values i n   t h e   r a n g e   o f  0.5 - 1.5 
ppm. They also  found  about a 25-453 decrease i n  mercury  content between 
1966  and  1969 when use o f  m e r c u r y   f o r   s l i m i c i d e s   i n  paper  manufacturing 

subs tan t ia l l y   dec l ined  (Peaka l l  and Lovet t ,  1972 1. I n  Lake  Powell  (a man 

made impoundment of   the  Colorado  River ,   Ar izona) ,   Pot ter  " e t  a1 (1975)  found 

wet   weight   muscle  concentrat ions  o f  0.084 ppm i n   t r o u t  as the  lowest, and 
0.427 ppm i n   w a l l e y e  as the  highest  value. Comparing values  from  the 

1 i t e r a t u r e   w i t h   t h e  Yukon resul   ts ,   the 1 a t t e r  seem re1 a t i  v e l y  low.  Areas i n  

t h e   t e r r i t o r y   w h i c h  had elevated  concentrat ions  should  be sampled aga in   to  

o b t a i n  more s t a t i s t i c a l l y   v a l i d   s p e c i e s  means, and to   ensure a 
representa t ive  sampl e. 

The p o t e n t i a l   f o r   b i o m a g n i f i c a t i o n   e x i s t s   i n  Yukon waterways  as i n  

any others.  Stock and  Cucuel  (1934) showed magn i f i ca t ion   f rom 0.03 ppb i n  

seawater t o  30-37 ppb i n  algae and 105-110  ppb i n   f i s h  ( i n   P e a k a l l  and 

Lovett ,   1975).   Konrad  (1971)  c la ims  that   b iomagnif icat ion o f  mercury  from 
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exposure time and  on temperature. A concentration  factor of 1.2 x lo4 
was exhibited  after the brook trout had been exposed to  0.29 ppb Hg i n  the 
water  for 36-108 weeks. T h i s  concentration i s  w i t h i n  the range  of waterways 
i n  Yukon, a1 though i t  i s  not known whether Yukon mercury level s are 
consistently  elevated  at   al l   t imes and locations,  as  only grab  samples were 
taken. 

Mercury i n  sediments may  come from a manmade pollution  source such 
a s  any of the industries previously mentioned. In  most areas o f  Yukon, 
mercury i n  sediments is  a natural  occurrence.  Placer min ing  could be an 
historic  source, a1 though  samples from the Dawson area where placer mining  
was  and i s ,  most active,  show  no mercury accumulations. In forested  areas, 
organic debris may accumul a te  mercury as mercury has a known af f in i ty   for  
organic  matter. In areas of low organic  content i n  the soi l   (as  is  most of 
Yukon), the mercury would probably be carried w i t h  runoff,  into  lakes and 
s t  reams . 

Once i n  the sediments, mercury may be methylated by 
micro-organisms under aerobic  or  partially  anaerobic  conditions,  as 
previously discussed. Mercury may also be carried i n  suspension w i t h  
organic  material i n  suspended sol ids ,  and i n  this way methylation may occur 
i n  the  water  col umn. 

Allan " e t  a1 (1974)  conducted a survey o f  mercury i n  the Canadian 
S h i e l d  and found that  the age and nature of the rock, and especially the 
presence of sulphide ores, were important  factors i n  re1 ation  to the mercury 
content. Mercury concentration was h i g h  i n  areas o f  re lat ively young 
volcanic  rocks. In the Bear-S1 ave structural  province, Allan " e t  a1 (1974) 
found the range from an average o f  129 ppb i n  Archean age rock t o  513 ppb 
average i n  the more recent  Proterozoic aged rock. Mercury is associated 
w i t h  areas of heavy mineralization,  especially  iron  rich  areas  containing 
pyrite,  pyrrhotite  or  cinnabar and  a1 so w i t h  1 ead,  zinc and copper 
mineralization and gold-pyrite  occurrences. In areas o f  copper  deposits, a 
mercury "halo" is  sometimes  found vaguely dispersed around the perimeter of 
the ore body. 
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Many areas o f   t h e  Yukon c o n t a i n   s i m i l a r  zones o f   m i n e r a l i z a t i o n .  

The sample l o c a t i o n s   w i t h  any elevated  mercury  concentrat ions were 

invest igated  through  geolog ica l   survey maps, and  most  were  found t o  be areas 
o f  Pb-Zn, Cu, Fe o r  Au m ine ra l i za t i on   (Tab le   9 ) .   M in ing   ac t i v i t i es   a round  

the  Yukon increase  the   cyc l ing   o f   mercury  and consequently  hasten i t s  
re lease   t o   t he  waterways. The only  non-natural  source  of  mercury may be  the 
Whitehorse  General  Hospital and loca l   med ica l   c l i n i cs ,  as p rev ious ly  

ment ioned.   Th is   cont r ibutes  on ly  an i n s i g n i f i c a n t   q u a n t i t y   o f  mercury. 

I n  areas where mercury  has been used i n   a g r i c u l t u r e  as a 

f u n g i c i d a l  seed dressing, seed ea t ing   b i rds ,   smal l  mammals and t h e i r  

predators  have been found t o  conta in   e leva ted   t i ssue and skel  eta1 
concent ra t ions   (F imre i te  and Karstad, 1971; Peakall  and Lovet t ,  1972). 

La rge r   b i rds  such  as chickens and  pheasants  are much more r e s i s t a n t   t o  

mercury  re1  ated  disorders  than  are smal l e r  seed eaters. 
Symptoms of   e levated  mercury  concentrat ions i n  b i r d s   i n c l u d e  

we igh t   l oss   desp i te   regu la r   f eed ing   (F imre i te ,  1971; Parkhurst  and Thaxton, 

19731,  a decrease i n  egg product ion,  and smal ler  and o r   l i g h t e r  eggs, 

(F imre i te ,  1971; Heinz,  19711, d i s c o l o r a t i o n   o r   s h e l l - l e s s  eggs and 

decreased ra te   o f   ha tch ing   (F imre i te ,   1971) .   D i f fe ren t   spec ies   o f   b i rds ,  

because o f   t h e i r   d i f f e r i n g   r e s i s t a n c e   t o   m e r c u r y   p o i s o n i n g  may have 

cons ide rab ly   d i f f e ren t   " t ox i c   concen t ra t i ons " .   Red- ta i l ed  hawks d ied when 

l i ve r   concen t ra t i ons   reaches  7-10 ppm  Hg (F imre i te  and Karstad,  1971 ). 

Ch icken  w i th   t i ssue  concent ra t ions   o f  250 ppm  Hg managed t o   s u r v i v e ,   a l b e i t  

w i t h  reduced  growth  rates. 

F i sh -ea t i ng   b i rds  such  as the  great  b lue  heron  (Ardea  herodias) 

were  found t o   c o n t a i n  up t o  23.0 ppm  Hg in   t he   musc le  and 175 ppm i n   t h e  
l i v e r ,   w h i l e   t h e   f i s h   f o u n d   i n   t h e i r   g u t s  had o n l y  1.8 t o  3.6  ppm  Hg 

respec t ive ly   (Peaka l l  and Lovett,  1972). Common te rn   (S tern0   h i rundo)   wh ich  

consumed f i sh   con ta in ing  3.8  ppm  Hg had  a carcass  concentrat ion o f  7.5  ppm 

and a l i v e r   c o n c e n t r a t i o n   o f  39.0 ppm (Dustman e t  a1 , 1970; Peakall  and 
L o v e t t  , 1972 ) . " 

Mercury may  be p h y s i o l o g i c a l l y   e x c r e t e d   i n t o   t h e   f e a t h e r s   o f  

b i rds ,   thereby   lower ing   the   concent ra t ion   in  more impor tan t ,   phys io log i ca l l y  
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a c t i v e  organs. The few b i r d s  sampled i n   t h e  Yukon a l l  had low  concentrat ions 

o f  mercury i n  muscle  t issues. They  were  sampled a f t e r  a summer season o f  

f e e d i n g   i n   t h e   t e r r i t o r y  where they  would  not have been exposed t o  

agr icu l tura l   mercury  sources.  

The  Yukon food  chain i s   p resent ly   uncontaminated  by i n d u s t r i a l  

mercury  wi th   the  except ion  o f  some increased  levels  around  the  hard  rock 
mining  areas. I f  Yukon i s   t o   m a i n t a i n   t h i s   c o n d i t i o n   a t   t h e   p r e s e n t   o r  

b e t t e r   l e v e l ,  development  must  be done i n  such a way as to  minimize  impacts 
and protect   the  aquat ic   resources  which we now have a t  our  d isposal .  
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APPENDIX I1 FISH SPECIES LIST 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 
10. 
11. 
12. 

arctic  grayling (Thymallus a rc t icus)  
lake  trout  (Salvelinus namaycush) 
northern pike (Esox - lucius) 
1 ake whi tefi sh (Coregonus cl  upeaformus) 
round h i t e f i s h  (Prosopium  cylindraceum) 
burbot  (Lota  lota) 
longnose  sucker  (Catastomus  catastomus) 
coho  salmon (Oncorhynchus kisutch) 
sockeye salmon (Oncorhynchus nerka) 
chum salmon (Oncorhynchus ketal  
chinook salmon (Oncorhynchus tshawytscha) 
lake  cisco (Coregonus a r t ed i i  1 

” 

C 

(I, 

Y 
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APPENDIX I 11  

MERCURY I N  WATER SAMPLES  COLLECTED  BY D I N A  

AT  VARIOUS  LOCATIONS THROUGHOUT YUKON 
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