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ABSTRACT 

B i o l o g i c a l  and water  chemistry  data were co l lec ted   f rom Windy 

Arm, Tagish  Lake, and only  water  chemistry  data were co l lec ted   f rom  the  

abandoned Venus Mine t a i l i n g s  pond.  Reduced wa te r   qua l i t y  and a l t e r e d  

b io log i ca l   commun i t i es   re f l ec ted  a d e t r i m e n t a l   e f f e c t   o f   t h e   e f f l u e n t  on 

t h e   l a k e   i n   t h e   i m m e d i a t e   v i c i n i t y  of t he   e f f l uen t   ou t f l ows .   D i f f e rences  

i n   t h e   w a t e r   q u a l  i ty data were found  between  under-the-ice  sampling and the  
i ce - f ree   pe r iod ,  and i n   t h e   d i s t r i b u t i o n   o f   m e t a l s   i n   t h e  sediments. The 

ana lyses   fo r   z inc  and lead  in   the   sed iments  showed t h a t   t h e   z i n c  was more 

w i d e l y   d i s t r i b u t e d   t h a n   l e a d   i n   s e d i m e n t s  and that  both  e lements had 

e l e v a t e d   l e v e l s .   E x i s t e d   a t   e l e v a t e d   l e v e l s   i n   t h e   a r e a   o f   t h e   o u t f a l l .  
Mercury was f a i r l y  even ly   d is t r ibu ted   in   the   sed iments   th roughout   the   lake .  

The analyses  o f   f ish  t issue  for   lead,   z inc,   copper ,   arsenic ,  and mercury 

showed t h a t   l e v e l s  were w i t h i n   t h e   e x p e c t e d   l e v e l s   f o r  such an environment 

and   l eve l s  were  below  those  suggested  by  Health  and  Welfare Canada as safe 
f o r  human consumption. 



R6SUM6 

On  a  recueilli  des  donnees  biologiques et chimiques 
sur  les  eaux  de  Windy Arm, au lac  Tagish,  ainsi  que  des  donnees 
chimiques  sur  l'eau  de  1'Btang  de  steriles  de  la  mine  abandonnee 
Venus.  La  reduction  de la  qualit6 de  l'eau et l'alteration 
des  communautEs  biologiques  indiquaient  l'effet  d61etSre  qu'a 
exercE  l'effluent  sur  le  lac  dans  les  environs  immediats 
de  la  decharge.  La  qualit6  de  l'eau et la  distribution  des 
mEtaux  dans  les  sediments  variaient  suivant  qu'il  s'agissait 
d'echantillons  prelevgs  sous la glace ou en  periode  libre  de 
celle-ci.  Les  analyses  ont  montre  que  le  zinc se retrouvait 
plus  largement  distribuE  que  le  plomb;  de  forts  taux  de  ces  deux 
metaux  se  retrouvaient  neanmoins 3 proximite  de  la  decharge. 
Le mercure  se  trouvait quant 2 lui 3 peu  prSs  egalement  distribue 
dans  tous  les  sediments du lac. Les  analyses  de plomb,  zinc, 
cuivre,  arsenic et mercure  effectuees  sur  le  poisson  ont  r6v616 
des  taux  normaux  de  ces  metaux,  compte  tenu  de  l'environnement; 
ils  se  situaient  en de@ des  limites  prescrites  pour  la  consommation 
humaine  par  Sant6 et Bien-stre  social  Canada. 
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CONCLUSIONS 

Windy A r m  i s   t y p i c a l   o f   l a r g e ,   m o u n t a i n   l a k e s   i n   t h e   s o u t h e r n  Yukon 

i n   r e l a t i o n   t o   w a t e r   c h e m i s t r y ,   b o t t o m  fauna,  and f i s h  species. 
The  abandoned mill s i t e  and t a i l i n g s  pond  had an e f f e c t  on the   l ake  

i n   t h e   i m n e d i a t e   a r e a   o f   t h e   o v e r f l o w .  The e f f e c t s   i n   t h e   a r e a  o f  the 
o u t f a l l  were  seen i n  the  reduced  d ivers i ty   o f   the  bot tom  fauna community  and 

the   h igher   concent ra t ions   o f   z inc  and l e a d   i n   t h e  sediments as  compared t o  

s imi la r   a reas   o f   the   lake .  

The levels  of  lead,  zinc,  copper,  mercury, and arsenic  i n   f i s h  
t i s s u e  were we1 1 be low  the   l eve l s   se t   i n   t he  Food  and  Drug Act   Regulat ions 

(wet   weight )  : Lead < l o  ppm; arsenic  <5 ppm; z i n c  <1 UO ppm; copper <1OO  ppm; 

and  mercury <0.05 ppm. 

Y 
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1 INTRODUCTION 

1.1 Venus Mines  Ltd. 
Routine  water  sampling on Windy Arm, Tagish  Lake, i n  1974 by 

Department o f   I n d i a n  and  Nor thern   A f fa i rs  (DINA)  revealed  elevated  arsenic 

l e v e l s   i n   t h e   l a k e .   D u r i n g   t h e   w i n t e r   o f  1974-1975, the  Environmental 
P ro tec t i on   Se rv i ce ,   i n   con junc t i on   w i th  DINA,  i n i t i a t e d  a program t o  sample 

the  water ,   f ish,   macro- inver tebrates and sediments o f  Windy Arm. 

The o b j e c t   o f   t h i s   s t u d y  was to   ascer ta in   whether   the  abandoned 

mill and, i n   p a r t i c u l a r ,   t h e   t a i l i n g s  pond  were having any adverse   e f fec ts  
on the  water ,   f ish,   macro- i   nver tebrates and sediments o f  Windy Arm. 

The Venus Mine  property i s   l o c a t e d  on the   wes t   s ide   o f  Windy Arm,  

16  k i lometers   sou theas t   o f   the  comnuni ty  of   Carcross and 6.5 k i l omete rs  

sou th   o f   t he  abandoned t ram l ine  and se t t lement   o f  Conrad. The proper ty  
l i e s   a d j a c e n t   t o   t h e  access  road  connecting  Carcross and t h e   B r i t i s h  

Col umbi a border. 

Work  was f i r s t   s t a r t e d   i n   t h i s  area  during  the  second decade of 

t h i s   c e n t u r y .  More r e c e n t   a c t i v i t y  began i n   t h e   m i d - s i x t i e s  and cu lminated 
i n   t h e   c o n s t r u c t i o n   o f  a 300 TPD (272  met r ic   ton)   capac i ty  mill which  went 

i n t o   p r o d u c t i o n   i n  September, 1970. Operational  problems  forced  the mill 

t o   c l o s e  and i n  June, 1971 , the  company en tered   rece iversh ip .  

There  were  two  types of  concentrate  produced,  si lver-zinc-cadmium 
and  lead-s i lver-go1 d.  The z inc  concentrate  conta ined 1 oz go1 d and 30 oz 

s i l v e r   p e r   t o n  (31.25  grams gold, 937.5 grams s i l v e r   p e r   m e t r i c   t o n )  as 
w e l l  as 2.5% cadmium. The lead  concentrate  he la 7 oz o f  go ld  and  270 oz of 
s i l v e r   p e r   t o n  (218.8 grams go ld  and  8437.6  grams s i l v e r   p e r   m e t r i c   t o n )  
i n c l u d i n g  0.05% cadmium (Cra ig  and Laporte,  1972). The host  rocks  were 

andes i te   b recc ian   wh i l e   t he   ve ins   cons i s ted   o f   c r ys ta l l i ne   qua r t z  and 

c a r b o n a t e   w i t h   p y r i t e  and arsenopyr i te   p resent   (Cra ig  and Laporte,  1972). 

1.2 Study  Area 

Dur ing  the sampl i ng  program i n  September, there  was no v i s i b l e  
d i scha rge   f rom  the   t a i l i ngs  pond i n t o  Windy Arm; however, there  was a 

cu lver t   wh ich   d ischarges   water   in to   the   lake ,   loca ted  6 metres  below  the 

t a i l i n g s  pond ( v e r t i c a l  measure)  and  approximately 70 metres away.  The 

d ischarge on  September 4, 1975, was about  18 1 i t r e s   p e r  m i  nutW:nQY 

( c a l c u l a t i o n ) .  

a 
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Seven s t a t i o n s  were e s t a b l i s h e d   ( s i x   f o r   w a t e r ,   b i o l o g i c a l  and 

sediments  sampling; one s ta t i on   f o r   wa te r   on l y )   (F igu res  1 and 2) .  

Sampling was concentrated i n   t h e   v i c i n i t y  o f  the Venus mil 1 s i t e  and a1 1 
s t a t i o n s  were on Windy Arm. They can be descr ibed as fo l l ows :  

S t a t i o n  1: a t   t h e   n o r t h  end o f  Windy Arm, approximately 10.5 

k i l o m e t r e s   n o r t h   o f  Venus mill s i t e  between Bove 

I s l a n d  and the  west   shore  (water   depth  a t   s ta t ion,  
3 metres) ; 

S t a t i o n  2: where Big  Thing  Creek  enters Windy Arm near  Conrad 

(wa te r   dep th   a t   s ta t i on ,  8 metres ; 

S t a t i o n  3: near  the  west  shore  of   the  lake  out  f rom  the 
abandoned t a i  1 i ngs  pond (wa te r   dep th   a t   s ta t i on ,  

( 11 metres) ; 

S t a t i o n  4: approximately 1.6 k i lomet res   sou th  o f  Venus mill s i t e  
near   the  west   shore  o f   the  lake  (water   depth  a t  
s ta t ion,   10  metres 1 ; 

S t a t i o n  5: i n   t h e   m i d d l e  o f  the  lake  opposi te   the Venus mine 

t a i l i n g s  pond (water   depth   a t   s ta t ion ,  30 metres);  

S t a t i o n  6: near  the  east  shore  opposi te  the Venus mil 1 s i t e  

(wa te r   dep th   a t   s ta t i on ,  19 metres) ; 

S t a t i o n  7: f rom  the   cu lver t   ment ioned above, t h e   c u l v e r t  mouth 

was approximately 15 cm above the  water  surface. 
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SCALE IN KILOMETRES 

F I G U R E  1 :  MAP OF T H E   Y U K O N   T E R R I T O R Y   S H O W I N G   T H E   S T U D Y  A R E A .  
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F I G U R E  2 :  YAP O F   T H E   S T U D Y  AREA SHOWING  THE  SAMPLING 

S T A T I O N S  AND  THE  LOCATION O F  THE  ABANDONED 

T A I L I N G S   P O N D .  
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2 METHODS 

2.1 Water Chemistry 

All the  water  chemistry samples  were c o l l e c t e d  by DINA. Surface 

water samples  were c o l l e c t e d   a t   a l l   s t a t i o n s   d u r i n g   t h e   l a s t  week i n   A p r i l ,  

1973  ( through  the  ice  cover) ,  June 11, 1975,  and  September 4, 1975, the 
l a t t e r   c o i n c i d i n g   w i t h   t h e   b i o l o g i c a l   s a m p l i n g  program. S t a t i o n  7 was 

sampled one add i t iona l   t ime,  August 22,  1975.  The samples  were analysed by 

t h e  Water Q u a l i t y  Branch, In land Waters Directorate,   Department  of  

F i s h e r i e s  and the  Environment,  North  Vancouver, B.C. The parameters 
measured  were: pH, t u r b i d i t y ,   c o l o u r ,   s p e c i f i c  conductance, t o t a l  

d i   s s o l  ved  sol i ds , f i 1 t e r a b l  e  and  non-f i 1 t e r a b l  e r e s i  due, a1 k a l  i n i  ty , 
hardness,  sulphate,  total  organic and inorganic  carbon,  total   cyani  de, and 

e x t r a c t a b l e  i ron, manganese, copper,  zinc,  lead,  mercury,  arsenic, s i  1  ver, 
molybdenum, n icke l ,  barium, cadmium, and  selenium. The temperature was 

measured i n   t h e   f i e l d  a t  t he   t ime   o f   co l l ec t i on .  

2.2 Sediments 

Sediments  were co l l ec ted   us ing  an  Ekman 15 cm x  15 cm x 23 cm 

deep dredge  from  which  a 450 g  sub-sample was randomly  taken. I n  1975, the  

samples  were  analysed f o r   z i n c  and lead;  mercury was added i n  1976. 

2.3 Bottom Fauna 
Sta t ions  1 through 6 were  sampled for  macro- invertebrates using a 

15 cm x 15 cm x 23 cm deep Ekman dredge.  Three  samples  were  taken a t  each 

s t a t i o n  and preserved i n  75% methanol. The samples  were so r ted   t o   f am i l y  
i n  Whitehorse, w i t h   t h e   f i n a l   i d e n t i f i c a t i o n  and count ing o f  organisms 

conducted by Dr. Charles Low of Envirocon  Ltd.,  Vancouver, B.C. Samples 

were c o l l e c t e d  on September 4, 1975,  and  August 4, 1976. 

Spec ies   d ivers i ty  and  evenness ind ices  were c a l c u l a t e d   f o r   t h e  
organi  sms co l l   ec ted   us ing   t he   f o l l   ow ing   f o rmu lae :  



Spec ies   d i ve rs i t y  (H' c Pi l o g  Pi 

where: P n /N 
n the  number o f  i n d i v i d u a l s   i n   t h e  i t h  

species 

I4 t h e   t o t a l  number o f  i n d i v i d u a l s  

sampled 

Evenness ( J  C P i  l o g  P i  

1 ogs 
where: s t h e   t o t a l  number of  speci  es/samples 

Jmax 1 

These formulae  are  described by P i e l o u  (1966,  1967). 

2.4 F i s h  
Gill nets  were s e t  on J u l y  3 , 1975, a t   S t a t i o n s  3 and 4 and  were 

c o l l e c t e d  24 hours   l a te r .  A t  each s t a t i o n ,  92 met res   o f   ne t  were set. 
Th is   leng th  o f  n e t  was composed o f  one 46-metre  panel o f  10 cm mesh and one 

46-metre  panel o f  4 cm mesh. Both were f l o a t i n g   n e t s ,  anchored on t h e  

bottom. The average  water   depths  a t   Stat ions 3 and 4 were  12  metres  and 23 

metres,   respect ive ly .  A s i m i l a r   n e t   s e t  was  made a t   S t a t i o n  3 on 
August 4, 1976. 

All f i s h   c o l l e c t e d   i n  1975  were  measured f o r   l e n g t h  and weight 
and sexed. I n  1976, no weights were  taken. A sca le sample was taken   f o r  

age  determi  nation. The  age  was est imated  by  count ing  scale  annul i   using a 
Microcon 1600 scale  reader. A t i s s u e  sample was taken  from  each f i s h   f r o m  

t h e   m u s c l e   d i r e c t l y   p o s t e r i o r   t o   t h e   d o r s a l   f i n  and on t h e   r i g h t   s i d e  of 

t h e  body.  Each  sample was approximately 16 cub ic   cen t imet res   in  volume. 

The samples  were f rozen and s e n t   t o   t h e   P a c i f i c   E n v i r o n m e n t   I n s t i t u t e ,  West 
Vancouver, B.C., where they were analysed  for   lead,   z inc,  and arsenic  

c o n t e n t .   I n   f i s h   t h a t  had n o t   d e t e r i o r a t e d   w h i l e   i n   t h e   n e t ,   t h e   l i v e r s  

were  frozen  and  analysed  for  lead,  zinc, and a r s e n i c .   I n  1976,  copper  and 

mercury  analyses  were a1 so done on t h e   l i v e r  and  muscle  samples  and  arsenic 

was deleted. 
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3 RESULTS 
3.1 Water  Chemistry 

Water  chemistry  data  col lected  dur ing  the  survey i s  sumnari  zed i n  

Tables 1 and 2. The data showed Windy Arm had c h a r a c t e r i s t i c s   t y p i c a l   o f  

an o l i go t roph ic   l ake .  It was noted   tha t   va lues   fo r   spec i f i c   conductance,  

t o t a l   a l k a l i n i t y ,   t o t a l  hardness,  and to ta l   inorgan ic   carbon were lower 

when measured  under ice  cover   than  dur ing  the  ice- f ree  per iod.   Conversely  

va lues   fo r   tu rb id i ty ,   i ron ,   mercury ,   lead ,  and z inc  were h igher  when 

measured  under   the   i ce .   Dur ing   the   per iod   la te   Apr i l  and e a r l y  May,  when 

under- ice samples  were c o l l e c t e d   a t   t h e   l a k e   s t a t i o n s ,   t h e r e  was  an 
over f low  f rom  the  abandoned t a i  1 i ngs  pond ( S t a t i o n  7 1 en ter ing   the   lake .  

A1 1 p a r a m e t e r s   e x c e p t   t o t a l   a l k a l i n i t y ,   t o t a l  hardness,  sulphate,  total 

i norganic  carbon, and arsenic  measured i n   t h e   o v e r f l o w   a t   t h i s   t i m e  were 

h igher   than when measured dur ing   the   i ce- f ree   per iod .  
Mercury   ana lys is   resu l ts   f rom  S ta t ions  1 and  5 c o l l e c t e d  on 

September 4, 1975,  were s ign i f i can t ly   h igher   than  mercury   leve ls  

encountered on any other  date  dur ing  th is  survey. 
Two samples from  the  overf low  (June 11,  1975,  and August 22, 

1975)  had  levels  of   arsenic  ranging  f rom two to   th ree   o rders  o f  magnitude 

higher  than  those  encountered i n  Windy Arm. 

3.2 Sediments 

are  presented i n  Tab1 e 3. 

t h e  equipment  used  and  the 
d i r e c t l y   o f f   t h e   o v e r f l o w ,  

t h e  5 s t a t i o n s  sampled i n  

values i n  1976. 

The sediment   analys is   data  for   z inc,   lead,   arsenic ,  and  mercury 

I n  1975, the   wa te r   a t   S ta t i on  5 was too deep f o r  

r e f o r e  was n o t  sampled. S t a t i o n  3 i n  Windy Arm, 

e x h i b i t e d   t h e   h i g h e s t   l e a d  and z inc  va lues o f  
1975, wh i l e   bo th   S ta t i ons  3 and 4 showed h igh  

3.3 Bottom Fauna 

I n  1975, there were  369 i n d i v i d u a l  organisms co l l ec ted   rep re -  

sent ing  14  species and  9 f a m i l i e s  and sub-fami l ies.  The predominant 

organisms  represented  the  Family  Tendipedidae and, i n   p a r t i c u l a r ,   t h e  

a 



- 8 -  

sub-famil ies  Hydrobaeninae and P e l o p i i n a e .   I n  1976, there  were 255 

organisms  represent ing 31 species and 8 fami 1 i e s  and sub-fami 1 i e s  and again 

the  predomi  nant  organi sms were Tendi  pedi dae. 
The resu l ts   o f   the   benth ic   sampl ing   a re  summarized i n  Tables 4, 

5, and 6. I n  1975, 3 samples  were c o l l e c t e d   a t   S t a t i o n  6; however, 2 

samples ( A  and C) were  devoid  o f   inver tebrates and S t a t i o n  5 proved  too 

deep f o r   t h e  equipment. I n  1976, the samples f rom  S ta t ion  6 had a good 
representa t ion   o f   fauna  bu t  even though  Stat ion 5 was sampled,  few 

inve r teb ra tes  were found. 

3.4 F i sh  - 
The spec ies   o f   f i sh   reco rded   i n   Tag ish  Lake  system  are:  Lake 

Trout ,   Salve l inus namaycush; Grayl ing,   Thymal lus  arct icus;   Least  Cisco, 
Coregonus sa rd i  ne1 1 a; Humpback Whi te f i sh  , Coregonus c l  upeformi s;  Round 
Whitefish,  Prosopium  cylindraceum;  Burbot, " L o t a   l o t a ;  Longnose sucker, 
Catostomus  catostomus; and Northern  Pike,  Esox l u c i u s  (R.  Kendall , 1976, 

F i s h e r i e s  Management Service  Biologist ,   personal   communicat ion).  

Lake  Trout, Humpback Whi te f ish,  and Round Whi te f i sh  were the   on ly  

f i s h   c a p t u r e d   i n   t h e   g i l l   n e t   s e t s .   A n a l y s e s   o f   t h e   f i s h  samples f o r   l e a d ,  
zinc,  arsenic,  copper, and mercury as w e l l  as the  length,   weight,  sex,  and 

age o f   f i s h   a r e  summarized i n  Tables 7 and 8. 

The zinc  values  were 3 orders  of   magnitude  greater  than  mercury,  

2 orders   o f   magn i tude  g rea ter   than  those  o f   lead  and arsenic ,  and 1 order  
o f  magnitude  greater  than  copper i n  most  samples.  There was  no apprec iab le 

d i f f e r e n c e   i n   t h e   a n a l y s e s   r e s u l t s  between  samples  taken i n  1975 and 1976. 
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TABLE 3 SUMMARY OF THE ANALYSIS OF SEDIMENTS FOR LEAD,  ZINC, AND  MERCURY 

Zinc (ppm) Lead (ppm) Mercury ( ppm) 

S t a t i o n  1975  1976  1975  1976  1975  1976 

150 170 24 48 - 0.026 
100 1 30 20 46 - 0.033 

192 820 210 1200 - 0.054 

150 27 0 31 1 500 - 0.150 
- 220 - 170 - 0.047 
13 160 23 68 - 0.122 
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TABLE 4 SPECIES LIST FOR THE INVERTEBRATE SPECIES COLLECTED  FROM UINDY 
ARM IN 1975 AND 1976 

Phyl um: Anne1 i da 
C1 ass: 01 i gochaeta 
01 igochaeta sp 

Phylum:  Arthropoda 
C1 ass:  Arachni da 
Order:  Acarina 
Super  fami l y  : Hydracari nae 
m i t e  sp 

Class:  Crustacea 
Sub C1 ass:  Ostracoda 
Ostracoda  sp 

Order: C1 adocera 
Sub order:  Calyptomera 
Tr ibe:  Anomopoda 
Family:  Chydori dae 
Eurycerus amel 1 atus 

Class:   Insecta 
Order :   D iptera 
Fami l y  : Empi d i  dae 
Hemerodromia  sp 

Fami ly: Deuterophebi i dae 
Chel i f e r a  sp 

Fami l y  : Tendi  pedi dae 
Sub fami l y l  : Hydrobaeni  nae 
B r i l l i a  sp 
Corynoneura  sp 
Spani  otoma  sp 
Psec t roc l   ad i  us SD 

I 

Ci rcotopus sp 
Tri ssocl  adi  us  sp 
Hetero t r i   ssoc l   ad ius  sp 

Tendipedi   n i  sp pupa 
Sub fam i l y l :   Pe lop i i nae  
Pentaneura  sp 
Pe lop i i nae  sp pupa 
Procl  adi  us  sp 
Tr ibe:   Pentancur i   n i  

Sub fami l y  : Tendi  pedi nae 
E u k i e f f e r i e l l a  sp 
S m i t t i a  sp 
Constempel 1 i na sp 
CrvDtochi ronomus SD 
S G i h t o c h i  ronomus kp 
T r i b e :  Chi  ronomi n i  
Tr ibe :   Cabpsec t r i   n i   (Tany tars in i  ) 
Tr ibe:   Rheotanytars in i  

Sub family:  Diamesinae 
Diamesa sp 
Pseudodiamesa  sp 

Fami l y  : Empi d i  dae 
Hemerodromia  sp 

Phyl um: Mol 1 usca 
Class:  Gastropoda 
Order:  Pulmonata 
Family : Lymnaei  dae 
Lymnae sp 

Order:  Ctenobrachiata 
Fami l y l  : Val v a t i  dae 
Valvata sp 

C1 ass:  Pel  ecypoda 
Fami l y  : Sphaeri dae 
Psi   sd i  um sp 
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TABLE ti OISTRIG.!TION ff INYL<Tt t 'RATES COLlEiTEO RilN Yllr31 AxFl ;!4 lY7b 6Y YECiES AN0 STATIC& AVO TIlE OIYEKSITY AN0 

EVENNESS IhOICES 

Station 1 Station 2 Stdtlon 3 Stat ion 4 S t a t i m  5 Station 6 

Species Sample A B A B A B x 3 A 6 A B 

Chi ronomi nde 

Psectrocladius sp 

Diamesinae 
Constmpell ina sp 
Stichtochironomus sp 

Tanytarsini 
Procladius sp 

Pentaneurini 

Orthocladi inae 
Tdnypadinae 

Chelifera 
5eteratr issocladius S p  

B r l l l i a  sp 
Trissocladius sp 
Rheotanytarsini 
Euk ie f fe r i e l l a  sp 

Cryptochironaus sp 

Pseudodiamese sp 
Enpl d i  dae 
Chfronamini 

Pentaneura  sp 
Cricotopus  sp 
Hemerodrani a r p  

Diamesa sp 
Chi ronomi dae 

Tubi r i fexs 

Peloscolex  sp 
Gyraules sp 

- 

PiSidiUn Sp 

Corynoneur sp 

2 

7 

2 
4 
3 
1 
1 

1 

2 
1 
1 

1 - 
- 

- 
- 

1 

- 

- 
8 

- 

1 

1 

- 
7 

2 

1 

1 

1 

""""_""""""""""""""""""""""-""""""""""""""""""""""""""""""""""""" 
Diversity  Index ( H ' )  1.0024 1.0023 0.5066 0.7950  0.1849 0.7678 0.4172 0.6369 - - 0.7996  0.6470 """_""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""~ 
Evenness Index (J) 0.5004  0.8324 0.5610  0.9407  0.3175  0.9086  0.5969  0.8184 - - 0.7410  0.9256 

I 

.I 

m 
! 
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TABLE 8 S U I W Y  OF DATA COLLECTEO FROM TIE FISt i  WETTED IN WINDY ARM IN 1976 

Analysis 
Fork ( u g / g )  

Length cu Zn Ob Hq 
Species Sex Age (cm) Sample Dry y e t  Dry Wet  Dry Wet Dry Wet 

Trout Ct 4 t  23.4 Liver 43.0 11.0 109 49 
Muscle 3.0 0.6 47 10 

M 8 45.7  Muscle 2.0 0.4 24 5 
F 9t 59.6 Liver 5.0 1.0 100 26 

Muscle 1.0 0.2 14 3 
M 8 46.9 Liver 91.0 23.0  230 58 

Muscle  1.0 0.3 26 6 
F 8 49.5 Liver 51.0 13.0 190 47 

Muscle 1.0 0.3 16 4 
F 8t 45.0 Liver 12.0 3.0 110 28 

Muscle 1.0 0.2 15 3 

1  0.2 
1  0.2 
1  0.2 
1  0.2 
1  0.2 
1  0.2 
1 0.2 
1  0.2 
1  0.2 
1 0.2 
1 0.2 

- - 
0.34 0.07 
0.29 0.05 
0.40 0.10 
0.39 0.09 
0.83 0.15 
u.49 0.11 
0.88 0.22 
0.02 0.22 
0.40 0.10 
0.48 0.11 

F 

F 

H 

F 

H 

H 

F 

F 

F . .  

6+ 

7 

8 

7 

9 

9 

9 

9 

8 

8 

Humpback Uhitefish F 45.0 Liver  56.0 14.0 150 38 1 0.2 0.87 0.22 
.. ...............................................*................................................ 

45 .O 

48.5 

42,5 

41.9 

45.0 

50.8 

45.7 

46.9 

48.2 

Muscle' 2.0 0;4 38 8 
Liver 38.0 9.0 140 34 
Muscle  1.0 0.2 34 8 
Liver 19.0 5.0 110 28 
Muscle .1.0 0.3. 35 8 
Liver 76.0 19.0 170 43 
Muscle 2.0 0.4 24 5 
Liver 27.0 7.0 120 31 
Muscle 1.0 0.3 36 8 
Liver 100.0 26.0 170 42 
Huscle 2.0 0.4 32 7 
Liver 42.0 12.0 160 41 
Uuscle 2.0 0.4 49 11 
Liver 49.0 2.0 150 37 
Muscle 1.0 0.3 .' 28 6 
Liver 94.0' 23.0 160 41 
Muscle 2.0 0.3 41 9 
Muscle  2.0 0.4 43 9 

1 0.2 
1 0.2 
1 0.2 
1 0.2 
1 . 0.2 
1 0.2 
1 0.2 
1 0.2 
1.  0.2 
1 0.2 
1  0.2 
1 0.2 
1 0.2 
1 0.2 
1 0.2 
1 0.2 
1 0.2 
1 0.2 

0.40 
0.75 
0.89 
0.93 
0.67 
0.74 
0.59 
0.40 
0.20 
0.55 
0.28 
0.38 
0.13 
0.82 
0.30 
0.96 
0.37 
0.23 

0.09 
0.19 
0.20 
0.21 
0.15 
0.1 9 
0.13 
0.10 
0.04 
0.11 
0.06 
0.10 
0.05 
0.21 
0.07 
0.24 
0.08 
0.06 

Round Whi tef i sh M 4 t  30.4  Muscle  2.0 - 33 7 1  0.2  0.22 0.U5 
M - 29.2 Liver 2.0 0.5 28 7 1 0.2  0.73 0.18 
M 5 . 31.7 Liver 2.0  1.0 100 23 1 0.2  0.41 0.10 

M 5 30.4  Muscle  2.0 0.4 34 8 1 0.2 0.29 0.07 
H 6 35.5 , Liver 9.0 2.0 100 25 1 0.2 1.07 0.27 

. Cluscle - - 24 5  1 0.2 0.13 - 
M *- 32.3 Liver 8.0 2.0 , 120 29 1 0.2 0.41 0.10 

' Ctuscle 1.0 0.3 29 6  1 0.2 0.40 0.09 
H * 4 t  34.3 Liver 10.0 3.0 120 30 1 0.2 0.66 0.22 

Muscle  2.0 0.5 29 6 1 0.2 0.28 0.07 
H 4 29.8 Liver 11.0 3.0 120 30 1 0.2 0.38 0.10 

Muscle  1.0 0.3 26 6  1 0.2 
F 5 t  34.9 Liver 9.0 2.0 110 29 1 0.2 0.38  0.10 

Muscle 2.0  0.4 4 2  10 3 0.7 0.41 0.09 

o.............................................................. ................................... 

Nuscle 0.4 0.3 30 7 1 0.2 0.75 - 

- - 
M 6 36.8 Liver 4.0 1.0 59 15 . 3 '0.7 

. -  - 
,. 

Ir 

Lu 

c 
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Em 

4 DISCUSSION 

4.1 Water Chemistry 
The dif ferences  noted  between  under-ice and ice-free  sampl ing 

seem t o  be r e l a t e d   t o  me1 t water.   This  statement  appl ies i n  genera l   to  a1 1 

the   l ake   s ta t i ons   (1   t h rough   6 ) .  Even though  the  lake was ice  covered 
dur ing  our   spr ing  sampl ing,   Apr i l  24, 1975, t o  May 1,  1975, the snow cover 

on t h e   i c e  had  melted  and a  good percentage  of   the snow pack  had melted. 

The water   chemist ry   data  f rom  th is   date showed cons is ten t l y   l ow   va lues   f o r  

t o t a l  a1 k a l  i n i  t y  , t o t a l  hardness,  speci f i c  conductance,  and t o t a l  i norgani c 

carbon.  Kerekes  (1  974)  recorded  similar  decreases i n   s p e c i f i c   c o n d u c t a n c e  
and t o t a l   a l k a l i n i t y  and r e l a t e d   t h i s  phenomena to   me l t   wa te r .  

Tota l   inorganic   carbon i s   r e l a t e d   t o   t h e   t o t a l  a1 k a l  i n i  ty and 

carbon  dioxide  concentrat ion  (Yeasted and Shane, 1976);   therefore,   the 

r e d u c t i o n   i n   t o t a l   i n o r g a n i c   c a r b o n   d u r i n g   t h e   p e r i o d   o f   i c e   c o v e r   c o u l d  be 
r e l a t e d   t o   t h e   r e d u c e d   t o t a l  a1 k a l   i n i  ty and the  absence o f   t he   a i r -wa te r  

i n t e r f a c e .  

Me l t   water  was a l so   respons ib le   i n   t he   i ns tances  where h igher  

l e v e l s   f o r   t u r b i d i t y  and ext ractable  i ron,   mercury,   lead,  and z inc when 
measured  under  the  ice i n  sp r ing  , as compared t o   t h e   i c e - f   r e e   p e r i o d .  

These e l e v a t e d   l e v e l s   a r e   r e l a t e d   t o  me1 t water i n  two ways: ( 1  ) me1 t 

water   enter ing  the  lake  f rom  the  land  would be c a r r y i n g  a higher  sediment 

1 oad and, ( 2 )  the  over f low  f rom  the abandoned t a i  1 i ngs  pond was one order 
o f  m a g n i t u d e   h i g h e r   f o r   t u r b i d i t y  and non- f i  1 t e rab le   res idue  and va lues  for  

copper,   i ron,   lead, manganese, and z inc  were 20 t o  30 t imes  g rea ter   than  a t  

any other  sampling  date.  I tem ( 2 )  above i l l u s t r a t e s   t h e   p r i m e   p o i n t  of 

concern  based on the  data  co l lected,   which i s  t he   t ranspor t  of m a t e r i a l s  

f rom  the abandoned t a i l i n g s  impoundment i n to   t he   l ake   under   sp r ing   runo f f  

condi  ti ons . 

I. 

4.2 Sediments 

The r e s u l t s   o f   t h e  
t h a t   z i n c  was d i s t r i b u t e d   f a  

Windy A r m  wi th   the  except ion 

i n d i c a t e d   t h e   c o n t i n u i n g   i n f  
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l e v e l   a t   S t a t i o n  2 was most l i k e l y   r e l a t e d   t o   t h e   m i x i n g   o f   l a k e   s e d i m e n t s  

wi th   those  o f   the  creek  which  enters   the  lake  near   Stat ion 2. The low 

v a l u e   f o r   z i n c   a t   S t a t i o n  6 i n  1975 was p robab ly   re la ted   t o   t he   rock   na tu re  
o f   the   subs t ra te  sampled as  compared t o  1976. 

The h i g h   l e v e l   o f   l e a d   i n   t h e   s e d i m e n t s   a t   S t a t i o n  3 i n  1975 and 

S t a t i o n  3, 4, and 5 i n  1976 i n d i c a t e d   t h a t   l i t t l e   t r a n s p o r t   o f   l e a d  away 

f rom  the   immed ia te   v i c in i t y   o f   t he   ove r f l ow  had  occurred. The apparent 
d i f f e r e n t i a l   t r a n s f e r   o f   l e a d  and z inc  away from  the  overf low  can be 

r e l a t e d   t o   t h e   h i g h e r   d e n s i t y   o f   l e a d   s u l f i d e  as compared t o   z i n c   s u l f i d e .  

The leve ls   o f   mercury   in   sed iments   found  in  Windy Arm were w i t h i n  

o r  be low  the  leve ls   repor ted  by  A l lan " e t  a1 (1974) f o r   l a k e s   i n   m i n e r a l i z e d  
areas o f  the  Canadian  Shield. These l e v e l s  were as fo l l ows :  Sudbury, 

100-200  ppb; Chiboagamau Lake,  100  ppb; Red Lake  10-12u ppb. 

4.3 Bottom Fauna 
The low number o f  organisms  col lected  dur ing  the  survey was 

i n d i c a t i v e   o f   t h e   l o w   p r o d u c t i v i t y  and o l i go t roph ic   na tu re   o f   t he   l ake .  
However, the  species  composit ion i s   s i m i l a r   t o   t h a t   r e p o r t e d  by  Kussat 

( 1 9 7 3 )   f o r   s t a t i o n s   w i t h   s o f t   s u b s t r a t e s   i n   A i s h i h i k  Lake, Yukon T e r r i t o r y .  

A t  a l l   o f   t h e   s t a t i o n s   f r o m  Windy Arm where benth ic   data was co l l ec ted ,  

s o f t   s u b s t r a t e s  were  found.  While there  was no vegetat ion,  sand, or   gravel  

encountered,  several  attempts  had t o  be made a t   S t a t i o n  6 where e i t h e r  

bedrock  or   large  boulders  in ter fer red  wi th   the  sampl ing  equipment .   In  
A i s h i h i k  Lake,  Tendi  pedidae l a r v a  and o l   igochaetes  were p r e s e n t   a t  most 

s t a t i o n s   w i t h   s o f t   s u b s t r a t e  and the  mol luscs were p r imar i l y   rep resen ted  by 

pelecypods. With the  except ion o f  S t a t i o n  3, t h i s  was a l s o   t h e   s i t u a t i o n  

i n  Windy Arm, i nd i ca t i ng   t ha t   t he   bo t tom  fauna  was t y p i c a l   o f   l a r g e ,  
mountain  lakes i n   t h e   s o u t h e r n  Yukon. 

The lower number of species and i n d i v i d u a l s   p r e s e n t   a t   S t a t i o n  3 

would  suggest   that   the  over f low was having a c o n t i n u i n g   e f f e c t  on the  

bottom  fauna i n   t h i s  a rea .   Th is   e f fec t  may be r e l a t e d   t o   t h e   c o n t i n u o u s  

add i t ion   o f   po ten t ia l l y   tox ic   subs tances   f rom  the  abandoned t a i  1 i ngs  

impoundment, o r   t h e   h i g h   l e v e l s   o f   l e a d  and z inc   in   the   sed iments .  
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A comparison of   the  spec ies 1 i s t  and d i v e r s i t y   i n d i c e s   f o r  

S t a t i o n s  2 and 4 i n  1975,  and 2, 4, and  6 i n  1976, showed these  s ta t ions  

had  s imi lar   bot tom  communit ies and are  most l i k e l y   r e p r e s e n t a t i v e   o f   t h e  

ben th i c   popu la t i on   o f  Windy Arm. The lower   spec ies  d ivers i ty   ind ices  o f  

S t a t i o n  3 a l s o   p o i n t e d   t o   t h e   d e t r i m e n t a l   e f f e c t   o f   t h e  abandoned t a i l i n g s  

pond on t h i s  area  o f   the  lake.  Due t o   t h e  low number o f  organisms 

co l lected,   the  spec ies evenness i n d i c e s   f o r   a l l   s t a t i o n s   a r e   o f   l i t t l e  

s t a t i s t i c a l   v a l u e .  

4.4 F i s h  
The average  z inc  level  s encountered i n   t h e  1 i ver  (42 ppm) o f   t he  

1 ake t r o u t  sampled i n  Windy Arm were  h igher   than  the  z inc  leve l  s repor ted 

by  Peterson ” e t  a1 (1970) f o r   t h e   l i v e r s   o f   r a i n b o w   t r o u t   ( a v e r a g e  30 ppm) 
f rom  lakes i n  n o r t h e r n   B r i t i s h  Columbia. On the   o ther  hand, the  average 

1 ead   va lues   f o r   l ake   t rou t   l i ve rs   (ave rage  0.4 ppm) were  lower  than  the 

1 eve1 s repor ted   f rom  nor thern  B.C. lakes  (average 0.7 1. The h i g h   z i  nc and 

1 ow lead   va lues   f o r   t he  Windy Arm f i s h   c o u l d  be r e l a t e d   t o   t h e   o v e r a l l   h i g h  

l e v e l s   o f   z i n c   i n   t h e  sediments and lower   leve ls   o f   lead .  

The average  mercury  level  (wet  weight)  found i n  t h e   l a k e   t r o u t  

muscle  from Windy A r m  was  0.13 ppm, l a k e   w h i t e f i s h  was 0.09 ppm, and round 

w h i t e f i s h  was 0.07 ppm.  As compared wi th   o ther   areas,   Nor thcote ” e t  a1 
(1975)   repor ted an  average l e v e l   o f  0.09 ppm i n  the  muscle of ra inbow  t rou t  
muscle from the Fraser River and, Fimrei t e   e t  a1 ( 1  971 )reported an average 

l e v e l   o f  5.78 ppm i n   l a k e   t r o u t   m u s c l e  and 0.38 ppm i n  rainbow  t rout   muscle 

f rom  P inch i  Lake, B.C. The leve ls   f rom Windy Arm are  lower  than  the above 

b u t   w i t h i n   t h e  background l e v e l s   o f  0.02 t o  0.10 ppm suggested i n  EPA 

(1973). 

There  appeared t o  be a p o s i t i v e   c o r r e l a t i o n  between the   leng th  

and  mercury  content  of  muscle and l i v e r ;  however,  the  data was t o o   l i m i t e d  
t o  determine  whether   the  re la t ionship was s t a t i s t i c a l l y   s i g n i f i c a n t .  

There was  no apparent   re la t ionsh ip  between size,  age,  sex, o r  

m a t u r i t y  and lead,   z inc,   or   copper   concentrat ions  in   the  muscle  or   l iver  

f o r  any  of the  species. It i s   i n t e r e s t i n g   t o   n o t e ,  however, t ha t   t he   o lde r  



- 20 - 

f i s h  (18+  and  19+)  had  the  lowest  levels o f  both  z inc and l e a d   i n   t h e  1975 

muscle samples. Only two of t h e   l a k e   t r o u t  sampled i n  1975 had  arsenic 

1 eve1 s over   the  detect ion 1 imi t which  would  ind icate  that   arsenic   uptake by 

l a k e   t r o u t   i n  Windy Arm d id   no t   p resen t  a problem a t   t h e   t i m e  of the  study. 
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