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ABSTRACT 

A s e r i e s  o f  s t u d i e s  has  been u n d e r t a k e n   i n   A l i c e  A r m  by t h e  

Env i ronmenta l   Pro tec t ion   Serv ice   f rom 1976 t o   t h e   p r e s e n t .   S t u d i e s  

invo lve  sediment  and t i ssue  sampl ing   fo r   t race   meta ls ,   t ransmissometer  

measurements  and  water  column  chemistry on t h e  suspended p a r t i c u l a t e  and 

b o t t o m   t r a w l s  and  submers ib le   observa t ions   fo r   bo t tom  cond i t ions ,  

t u r b i d i t y  and   spec ies   d i s t r i bu t i on .   Re la t i ve   t o   t he   Amax /K i t sau l t   m ine ,  

s t u d i e s  have  been d i v i d e d   i n t o   b a s e l i n e  and i n i t i a l   p r o d u c t i o n   p e r i o d  

and  a re   be ing   p resented   in  a f i v e   p a r t   r e p o r t   s e r i e s .  The present  

r e p o r t ,   P a r t  111, con ta ins   da ta  on sediment  and t i s s u e   t r a c e   m e t a l s  

c o l l e c t e d   a f t e r   s t a r t - u p   o f   t h e   A m a x / K i t s a u l t   m i n e   i n   A p r i l  1983. 

Add i t i ona l   samp l ing  was c a r r i e d   o u t   i n  May-June  and October  1981 t o  

f u r t h e r   d e f i n e   t h e   h o r i z o n t a l  and v e r t i c a l   t r a c e   m e t a l   d i s t r i b u t i o n   i n  

the  mar ine  sediments and t o  observe any e a r l y  changes i n   t i s s u e   m e t a l  

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

Comparisons  have been  drawn w i t h  base1 i n e   d a t a   c o l l e c t e d   p r i o r   t o   m i n e  

s t a  r t  -rip. 

Sed iment   core   p ro f i les   taken  in   October   1981  conf i rm  the   genera l  

inc rease  in   sed iment   t race   meta l   con ten t   observed  in   1978  f rom  p rev ious  

m i n i n g   a c t i v i t y   i n   A l i c e  A r m  and the  copper   smel ter  a t  Anyox.  Surface 

sed imen t   concen t ra t i ons   i n   upper   A l i ce  Arm, a r o u n d   t h e   K i t s a u l t  mine 

o u t f a l l ,   a r e   r a p i d l y   r e t u r n i n g   t o   l e v e l s   o b s e r v e d   i n   t h e   u n d e r l y i n g  
depos i t s   f rom  the   p rev ious  B.C. Molybdenum  mine.  Despite  the general  

m i n e r a l i z a t i o n   i n   t h e   s u r r o u n d i n g   r i v e r   b a s i n s   l e v e l s   o f  most t r a c e  

m e t a l s   i n   t h e   n a t u r a l   s e d i m e n t s  do not  appear t o   d i f f e r   s i g n i f i c a n t l y  

f rom  normal  background  level s. 

S h o r t   t e r m   d u r a t i o n   t e s t s  were  conducted on a sample o f   K i t s a u l t  

mine t a i l i n g s   t o   d e t e r m i n e   m e t a l   l e a c h a b i l i t y .   R e s u l t s   d e m o n s t r a t e d  no 

l e a c h i n g  o f  metals  under  normal  condi t ions  in  seawater,   however,  

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

were  observed.   S imi lar  pH ranges  occur i n  an imal   d igest ive  system. 



A l t h o u g h   t h e   p o t e n t i a l   f o r   b i o a c c u m u l a t i o n   o f   m e t a l s  upon exposure t o  thP 

K i t s a u l t   m i n e   t a i l i n g s   i s  unknown,  most t i s s u e   m e t a l   l e v e l s   i n   A l i c e  A r m  

had   po t   changed   s ign i f i can t l y   du r ing   t he   pe r iod  o f  the   s tudy .   Tes ts  

however,   were  conducted  wi th in a r e l a t i v e l y   s h o r t   p e r i o d   a f t e r  mine 

s t a r t - u p .  An excep t ion  was t h e   b i v a l v e  - Yo ld ia  - - - - - - - t h r a c i a e f o r m i s  - - . - - - . - - - - - - i n  which 

the   who le   body   t i ssues  showed a pronounced  increase  in   copper   lead,   z inc 

and cadmium. I n  some cases t i s s u e   c o n c e n t r a t i o n s  exceeded maximum l e v e l s  

found   i n   su r round ing   sed imen t   s t rong ly   sugges t ing   b ioaccumu la t i on   ra the r  

than  sample  contaminat ion.  

c 



Depuis  1976, l e   S e r v i c e  de l a   p r o t e c t i o n  de 1 'environnement a 

procird6 ii une s6 r ie   d '6 tudes   su r   l e   b ras   A l i ce .   ces   E tudes   on t   cons i s t i ;  en 

l a  d e t e c t i o n  de m6taux a' 1 ' & a t  de t r a c e s  dan  des 6 c h a n t i l l o n s  de sediments 

e t  de t i s s u e ,  en  mesures ii 1 ' a i d e  du transmissiomGtre,  en l ' 6 t u d e  des 

p rop r i6 t6s   ch im iques  des p a r t i c u l e s  en suspension  dans l a  colonne  d 'eau, en 

pr6lGvements ii l ' a i d e  du c h a l u t  de fond, en l ' o b s e r v a t i o n ,  ii l ' a i d e   d ' u n  

submers ib le ,   de   l a   v ie  dans l e s   p r o f o n d e u r s ,   d e   l a   t u r b i d i t 6   e t  de l a  

r 6 p a r t i t i o n  des  especes. A f i n  de m ieu   ana lyse r   l es   e f fe t s  de l a  mine 

Amax/Ki tsaul t   sur  1 'environnement, on a 6 t a l 6  ces  6tudes  sur  deux  p6r iodes. 

une  p6r iode de r 6 f 6 r e n c e   e t  une p6r iode  correspondant  ii l a   p r o d u c t i o n  

i n i t i a l e .  On a en o u t r e   d i v i s 6   l e   r a p p o r t  en c inqu  par t ie   s6par6es .   Le  

p r 6 s e n t   r a p p o r t   i n t i t u l 6   p a r t i e  I 1 1  c o n t i e n t   l e s  donn6es p o r t a n t   s u r   l e s  

mGtaux a' 1 ' 6 t a t  de t r a c e s   r e l e v &  dans l e s   s 6 d i m e n t s   a t   l e s   t i s s u s  dans l e  

b r a s   A l i c e  aprGs l a  mise en e x p l o i t a t i o n  de l a  mine  Amax/Ki tsaul t  en a v r i l  

1981. En ma i - j u in   e t   oc tob re   1981  on a p r 6 l e v 6  une a u t r e   s E r i e  

d ' 6 c h a n t i l l o n s ,   a f i n  de m i e u x   d 6 t e r m i n e r   l a   r E p a r t i t i o n   h o r i z o n t a l e   e t  

v e r t i c a l e  des  m6taux a' 1 ' 6 t a t  de t r a c e s  dans les   d6s iments   mar ins   e t  de 

d 6 t e c t e r   t o u t e   m o d i f i c a t i o n   i n i t i a l e  dans l a   c o n c e n t r a t i o n  en m6taux a' 
1 '&tat  de t r a c a s   r e l e v 6 e   d u r a n t   l a   p 6 r i o d e   i n i t i a l e  de p r o d u c t i o n  dans l e s  

t i s s u s   d ' e s p k e s   s 6 l e c t i o n n 6 e s .  On a a i n s i  pu compare r   l es   r6su l ta t s  avec 
les  donnges de base r e c u e i l l i e s   a v a n t   l a   m i s e  en e x p l o i t a t i o n  de l a  mine. 

Les p r o f i l s   f o u r n i s   p a r   l ' 6 t u d e  des c a r o t t e s  de s6diments 

p r6 lev6es  en octobre  1981  conf i rment  1 ,augmentat ion  g6n6rale du degr6 de 

c o n c e n t r a t i o n  des m6taux a' 1 ' 6 t a t  de t races   observe  en 1978 e t   r 6 s u l t a n t  de 

1 ' e x p l o i t a t i o n  de l a  mine dans lr! b r a s   A l i c e   e t  de l a   f o n d e r i e  de c u i v r e  

d'Anyox. La c o n c e n t r a t i o n  des  m6taux  dans les   s6d iments  de s u r f a c e  

p r e l e v e s  dans l a   p a r t i e   s u p 6 r i e u r e  du b ras   A l i ce ,   au tou r  de l ' e x u t o i r e  de 

l a  mine K i t s a u l t ,  se rapproche  rapidment des niveaux  observ6s dans l e s  

dep6ts  p lus  pr fonds  remontant  ii l ' 6poque  de l ' e x p l o i t a t i o n  de l a  mine B.C. 

Molybdenum. En d 6 p i t  de l a   m i n 6 r a l i s a t i o n   g 6 n 6 r a l i s 6 e  des  bassins 

hydrographiques  env i   ronnants,   les   n i   veaux de c o n c e n t r a t i o n  de l a   p l u p a r t  
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des  m6taux a' 1 ' 6 t a t  de t r a c e s   r e l e v 6 s  dans l es   s6d imen ts   na tu re l s  ne 

semblent  pas  etre  sensi   b lement  p lus 61 ev6s  due l e s   n i  veaux  re1  ev6s dans  des 

cond i t i on   no rma les .  

On a proc6d6 2 des t e s t s  de cour te   dur6e   sur  un 6chant i 1 1 on de 

r6s idus   p rovenant  de l a  mine K i t s a u l t   a f i n  de d 6 t e r m i n e r   l e   t a u x  de 

l i x i v i a t i o n  des  rn6taux.  Les r6su l ta ts   on t   rnont r6   que ce taux  6 t a i t  nu l  

dans l ' e a u  de mer,  dans l e s   c o n d i t i o n s   n o r m a l e s ,   m a i s   c e r t a i n e s   i n d i c a t i o n s  

l a i s s e n t   p r 6 v o i r  une p o s s i b l e   l i x i v i a t i o n  dans  un m i l i e u  mod6r6ment ac ide.  

On relGve un i n t e r v a l l e  de pH s i m i l a i r e  dans l ' a p p a r e i l   d i g e s t i f  des 

animaux.  Bien  que l ' o n  ne sache  pas s ' i l  y a b ioaccumulat ion des  m6taux 

sous 1 ' e f f e t  des r 6 s i d u s  de l a  m i n e   K i t s a u l  t, l a  p l u p a r t  des  degr6s de 

c o n c e n t r a t i o n  des  m6taux r e l e v 6 s  dans l e s   t i s s u s   p r 6 l e v G s  dans l e   b r a s  

A l i c e   n ' o n  pas  montre de changement n o t a b l e   d u r a n t  l a  dur6e de l ' 6 t u d e .   I 1  

fau t   no ter ,   cependant ,  que 1 ~ s  tes ts   auxque ls  on a proc6d6  apr6s l a  mise en 

e x p l o i t a t i o n  de l a  mine   n lon t   dur6   qu lun   temps  re la t i vement   b re f .  La seule 

e x c e p t i o n  a 6 t 6  l e  mo l l usque   b i va l ve  ~- Y o l d i a   t h r a c i a e f o r m i s  "_ d o n t   t o u s   l e s  

t i s s u s   o n t   m o n t r 6  une net te   augmentat ion du degr6 de c o n c e n t r a t i o n  du 

c u i v r e ,  du  plomb,  du z i n c   e t  du cadmium. Dans c e r t a i n s   c a s ,   l e   d e g r 6  de 

c o n c e n t r a t i o n  a d6pass6 les   n i veaux  maximum r e l e v 6 s  dans les  s6diments 

environnants,   ce  qui   permet  de  conclurc!  2 une   b ioaccumu la t i on   p lu t6 t  q u ' g  
une  contaminat ion de 1 ' 6 c h a n t i l l o n .  

t 
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SUMMARY 

1. Core  samples  taken  from  upper  Al ice A r m  n e a r   t h e   K i t s a u l t   m i n e  

showed two  main  peaks i n  copper  (Cu),   lead  (Pb).   z inc  (Zn) cadmium 

(Cd)  and molybdenum  (Mo) c o n c r n t r a t i o n s .  The upper peak occurred 

hetween 0 and  30 cm r e p r e s e n t i n g   f r e s h   d e p o s i t s   f r o m   t h e   K i t s a u l t  

mine. The lower peak  between 30 and 40 cm r e p r e s e n t s   t a i l i n g s  

d e p o s i t s   f r o m   t h e   p r e v i o u s  B . C .  Molybdenum mine  which  had been 

covered by na tura l   sed iment   depos i ts   s ince   c losure   in   1972.  

2. Below  approximately  40-50 cm sediment  concentrat ions  approached 

na tura l   background  leve ls .  The r e l a t i v e l y   l o w   c o n c e n t r a t i o n s   i n   t h e  

top  10-12 cm a n d   l o w e r   p o r t i o n   o f   c o r e   s a m p l e   t a k e n   o f f   t h r   K i t s a u l t  

R i v e r   e s t u a r y   i n d i c a t e d  no s i g n i f i c a n t   n a t u r a l   t r a c e   m e t a l   i n p u t  

f r o m   t h e  head o f  A1 i c e  Arm.  

3. Natura l   sediment   concentrat ions do not  appear t o  he a p p r e c i a b l y  

a f f e c t e d  by m ine ra l   i za t i on   i n   t he   a rea .   Na tu ra l   backg round  

c o n c e n t r a t i o n s   f o r  Cu, Ph, Zn. Cd, arsenic  (As)  and Mo were  40-55 

mg/kg,  11-25  mg/kg,  90-150  mg/kg, l e s s   t h a n  0.6 mg/kg,  12-31  mg/kg 

and  less   than 2.5 mg/kg, r e s p e c t i v e l y .  

4. Maximum concen t ra t i ons   f ound   i n  a sur face  grabs  taken  near   cent re 

c h a n n e l   o f f   t h e   K i t s a u l t  mine ( S t a t i o n  M-9) f o r  Cu, Pb, Zn, Cd, As 

and Mo by comparison  were 90.4  mg/kg,  217  mg/kg,  683 mgjkg,  19.6 

mg/kg,  33.0  mg/kg  and  209  mg/kg, r e s p e c t i v e l y .  

5.  Seven  months a f t e r   s t a r t - u p   o f   t h e   K i t s a u l t   m i n e ,   t i s s u e   t r a c e   m e t a l  

c o n c e n t r a t i o n   i n  most  species  sampled  had  not  changed  s igni f icant ly 

f r o m   d a t a   c o l l e c t e d   p r i o r   t o   s t a r t - u p .  One excep t ion  was t h e  

b i v a l v e ,   Y o l d i a   t h r a c i a e f o r m i s   f r o m   A l i c e  A r m  w h i c h   d i d   e x h i b i t  a 

p ronounced  inc rease  over   p rev ious   leve ls   fo r  Cu,  Pb, Zn and Cd. I n  

some cases t i s s u e   c o n c e n t r a t i o n s  were w e l l  above  those  observed i n  

the   sur round ing   sur face   sed iment   s t rong ly   suggest ing   meta l  

h ioaccumulat ion.  
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1. INTRODUCTION 

Amax o f  Canada Ltd. ,   which owns and opera tes   t he   K i t sau l t   m ine  

began  commissioning  the mill i n   A p r i l  1981. P r e v i o u s l y   t h e   s i t e  had 

been  operated  by B.C. Molybdenum f rom 1967 t o  1972. I n   p r e p a r a t i o n   f o r  

t h e   r e - o p e n i n g   o f   t h e   K i t s a u l t   m i n e   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e  

(EPS) h a d   c a r r i e d   o u t  a s e r i e s   o f   s t u d i e s   t o   o b t a i n   b a s e l i n e   i n f o r m a t i o n  

p r i o r   t o   s t a r t  up  and t o  assess   t he   e f fec ts   f rom  the   p rev ious  B.C. 

Molybdenum o p e r a t i o n  and a nearby  abandoned  copper  smelter  at Anyox. 

These s t u d i e s  were  undertaken 1) between 1976 and  1980; 2) immedia te ly  

f o l l o w i n g   s t a r t - u p ,   i n   A p r i l  1981,  and 3) c o n t i n u e d   p e r i o d i c a l l y  

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

f e d e r a l   r e g u l a t i o n s   e s t a b l i s h e d   f o r   t h e   K i t s a u l t   m i n e   ( A l i c e  A r m  T a i l i n g s  

Depos i t   Regu la t ions ,  AATDR) and t o   m o n i t o r   t r a c e   m e t a l   l e v e l s   i n   t h e  

m a r i n e   b i o t a .   S t u d i e s   i n c l u d e d   a n a l y s i s   o f   t i s s u e  and  sediment f o r   t r a c e  

meta ls ,   water   co lumn  measurements  for   turb id i ty  and  suspended p a r t i c u l a t e  

c h a r a c t e r i s t i c s ,   b o t t o m   t r a w l s   f o r   s p e c i e s   r e l a t i v e  abundance  and 

submers ib le   obse rva t i ons ,   w i th   t he   P i sces  IV, f o r   b o t t o m  and c o n d i t i o n s ,  

t u r b i d i t y  and s p e c i e s   d i s t r i b u t i o n .  

Because o f   t h e   d i s t i n c t   n a t u r e   o f   v a r i o u s  segments o f   t h e   s t u d y  

and  the  volume o f   i n f o r m a t i o n   a v a i l a b l e ,   d a t a   a r e   b e i n g   p r e s e n t e d   i n   f i v e  

s e p a r a t e   p a r t s ,   d i v i d e d   i n t o   t h e   b a s e l i n e   p e r i o d   o r   t h a t   p r i o r   t o   s t a r t  

up o f   t h e   K i t s a u l t  mine  and  the i n i t i a l   p r o d u c t i o n   p e r i o d .   M o n i t o r i n g  

programs  a re   con t inu ing  and a d d i t i o n a l   r e p o r t s  will be prepared as data 
becomes a v a i l a b l e .  The r e p o r t   s e r i e s  has  been s t r u c t u r e d  as f o l l o w s :  

EBVIRONMENTAL STUDIES I N  ALICE ARM AND HASTINGS ARM, BRITISH COLUMBIA __ "" -" "" "_ "" - 

P a r t  I - Basel ine  Studies,   Amax/Ki tsaul t   Mine - Sediment  and  Tissue "- """-""-I_"_ 

Trace  Meta ls   f rom Two Abandoned  Mine S i t e s  - B.C. Mollbdenum -___ "" " 

and  Anyox. T h i s   r e p o r t   c o n t a i n s  a l l  sediment  and t i s s u e   t r a c e  

m e t a l   d a t a   c o l l e c t e d   i n   A l i c e  Arm, p r i o r   t o   s t a r t - u p   o f   t h e  

K i t s a u l t   m i n e .  Samples  were a lso  obta ined  f rom  severa l  

- _  
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c o n t r o l   s i t e s   a l o n g   t h e   o u t e r  B.C. coas t ,  and data  f rom  the 

c o p p e r   s m e l t e r   s i t e   a t  Anyox i n   H a s t i n g s  Arm. 

P a r t   I 1  - Base l i ne   S tud ies ,  - Amax/Ki tsaul t   Mine - - Transmissometry "" "" and 

Water C h e m i s t 2  - 

Th is   repor t   con ta ins   t ransmissometer  measurements ( t u r b i d i t y ) ,  

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

o r g a n i c ,   i n o r g a n i c  and t race   me ta l   concen t ra t i ons  of  t h e  

n a t u r a l  suspended p a r t i c u l a t e   i n  May and October  1980. 

Previously  reported  t ransmissometer  data  f rom  June  1977 

( S u l l i v a n  and Bro thers ,   1979)   a re   a lso   p rov ided.  

P a r t  111 - __I_ I n i t i a l   P r o d u c t i o n   P e r i o d ,   A m a x / K i t s a u l t   M i n e  -. Sediment " and 

Tissue  Trace  Meta ls  - 1981.   Th is   repor t   con ta ins   sed iment  and 

t i s s u e   t r a c e   m e t a l   d a t a   f r o m   s a m p l e s   c o l l e c t e d   i n  May-June  and 

October  1981, a f te r   s ta r t -up   o f   t he   A rnax /K i t sau l t   m ine .  

P a r t  IV - I n i t i a l   P r o d u c t i o n   P e r i o d ,  -" - "- Amax/Ki tsaul t  - Mine "- - 
"" Transmissometry  and  Water  Chemistry - 1981  and  1982.  This 

repor t   conta ins  t ransmissometer   measurements,   a long  wi th  

r e s u l t s   o f   t o t a l  suspended p a r t i c u l a t e   a n a l y s i s   f o r   o r g a n i c ,  

i n o r g a n i c  and t race   me ta l   concen t ra t i ons   i n   samp les   co l l ec ted  

f r o m   A l i c e  A r m  i n  1981  and  1982. 

- ~ I  "" 

P a r t  V - B a s e l i n e   a n d   I n i t i a l   P r o d u c t i o n   P e r i o d ,   A m a x / K i t s a u l t  - 
Submersible ""-I__- Observa t ions   and  Ot te r   T rawls  - 1980-1982.  This 

r e p o r t   c o n t a i n s   d a t a  on species  abundance and d i s t r i b u t i o n  

f rom  1980-1981   o t te r   t raw l   su rveys ;   a long   w i th   obse rva t i ons   o f  

s p e c i e s   d i s t r i b u t i o n ,   b o t t o m   c o n d i t i o n s  and t h e   t a i l i n g s  

t u r b i d i t y   f i e l d   t a k e n   f r o m   t h e   s u b m e r s i b l e   P i s c e s  IV i n   J u l y  

1982.  Reference i s   a l s o  made t o  submers ib le   observa t ions  and 

o t t e r   t r a w l   r e s u l t s ,   p r e v i o u s l y   r e p o r t e d  by S u l l i v a n  and 

Bro thers   (1979) .  

- I" 

P 
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The p resen t   repo r t   (Pa r t   111 )   con ta ins  a l l  sediment  and t i s s u e  

t r a c e   m e t a l   d a t a   c o l l e c t e d   d u r i n g   t h e   i n i t i a l   p r o d u c t i o n   p e r i o d ,  

s p e c i f i c a l l y   i n  May-June  and October  1981.  Although  certain  comparisons 

w i t h   t h e   b a s e l i n e   d a t a   c o l l e c t e d   p r i o r   t o   s t a r t - u p  have  been made, t h e  

r e a d e r   i s   a d v i s e d   t o   r e f e r   t o  P a r t  I (Goye t te   and   Chr i s t i e ,   1982)   f o r  

s p e c i f i c   d e t a i l s .  

1.1 __- Study "_ Area ( taken  f rom P a r t  I) 

The study  area i s   l o c a t e d  on t h e   n o r t h e r n   B r i t i s h   C o l u m b i a   c o a s t  

approx imate ly   144 km ( 9 0   m i l e s )   n o r t h   o f   t h e   c i t y   o f   P r i n c e   R u p e r t ,  B.C. 

( F i g u r e  1). A l i c e  Arm, s i t e  o f  t h e  new K i t s a u l t  mine, i s  a g l a c i a l l y   f e d  

i n l e t  about  18.5 km ( 1 0   n a u t i c a l   m i l e s )   i n   l e n g t h  and  1.4 km (0.8 

n a u t i c a l   m i l e s )   i n   w i d t h ,   w h i c h   a l o n g   w i t h   H a s t i n g s  Arm, forms a t e r m i n a l  

branch o f  O b s e r v a t o r y   I n l e t .   A l i c e  A r m  i s   separa ted   f rom  Observa to ry  

I n l e t  by a complex o f   s h a l l o w   s i l l s   n e a r   t h e   e n t r a n c e .  The i n n e r   s i l l  

d e p t h   i s   a p p r o x i m a t e l y  42  metres  (F igure  2) .  The maximum d e p t h   w i t h i n  

A l i c e  A r m  i s  about  380  metres  (1200 f t ) .  Two m a i n   r i v e r s ,   t h e   K i t s u a l t ,  

t h e  more dominant  and g l a c i a l   r i v e r ,  and t h e   I l l i a n c e ,   f l o w   i n t o   t h e  head 

o f  A1 i c e  A r m  (F igu re   2 ) .  Two smal ler   creeks,  Roundy Creek  and  Lime 

Creek ,   en te r   A l i ce  A r m  n e a r   t h e   K i t s a u l t   t o w n s i t e .  The l a t t e r   d r a i n s   t h e  

m ine   ope ra t i ng   a rea   (F igu re   2 ) .   L i t t l epage   (1978)   es t ima tes   t he   t o ta l  

a n n u a l   d i s c h a r g e   i n t o   A l i c e  A r m  t o  be 1.6 x 1Ogm3 (1.3 mill i o n  

a c r e - f e e t ) .  

Has t ings  A r m  i s   s l i g h t l y   l o n g e r  (22.2 km o r   1 2   n a u t i c a l   m i l e s )  
and  shal lower  (max. 307 m )  t h a n   A l i c e  A r m  and w i t h i n   c e r t a i n   l i m i t s ,  can 

serve  as a c o n t r o l   i n l e t .  Anyox, s i t e   o f   t h e  abandoned  copper  smelter, 

i s   s i t u a t e d   a t   t h e  mouth o f   H a s t i n g s  A r m  i n  Granby Bay, n e a r   t h e   j u n c t i o n  

w i t h   A l i c e  A r m  (F igu re  1). 

1.2 Prev ious  Min ing  Operat   ions 
"" - """ 
Over  the  years,   the  area  around  A l ice A r m  has  been t h e   s i t e   o f  

numerous m in ing   ven tu res .   L i t t l epage   (1978) ,   repo r t s   t ha t   be tween   1911  

and  1972  nine  regional  mines  produced some 388,000 tons   o f   copper ,   lead ,  

molybdenum, g o l d  and s i l v e r .  The most recen t   m in ing   ven tu re  has  been 

t h e  B.C. Molybdenum  mine  (1967 t o  1972). The p roduc t i on   ra te   ave raged  
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L O C A T I O N  M A P  

FIGURE I LOCATION  MAP OF ALICE  ARM AND H A S T I N G S   A R M  
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about 6,000 t o n s   o f   o r e   p e r  day, t he   bu l k   o f   wh ich  was d i sca rded  as 

t a i l i n g s .   T a i l i n g s   f r o m   t h e  mill. which was l o c a t e d  some 5 k i l o m e t r e s  

i n l a n d ,  w e r e   d i s c h a r g e d   d i r e c t l y   i n t o   L i m e  Creek (F igure   2 )   wh ich   f lows 

i n t o   A l i c e  Arm. Assuming a cont inuous  operat ion  o f   330  days  per   ypar ,  

t h i s  would  represent  a t o t a l   o f   a b o u t   1 2  mil l i o n   t o n s   d i s c h a r g e d   i n t o  

A l i c e  A r m  d u r i n g   t h e   s i x   y e a r   l i f e  o f  the  mine. 

Anyox  operated  between  1914  and  1936  by  Granby  Consolidated 

Min ing   and  Smel t ing  Company. M a r t i n   ( 1 9 3 3 )   r e p o r t s   t h a t  between  1924  and 

1930, the   da i l y   t onnage   th rough   the   concen t ra to r   ranged   f rom 1,000 t o  

5,000 tons.  The s l a g   f r o m   t h e   s m e l t e r  was depos i ted  on t h e   s h o r e l i n e   o f  

Granby  Bay, po r t i ons   o f   wh ich   s t i l l   ex tend   be low  l ow   wa te r .  The s l a g  

p i le   occup ies   about   51   acres  and represents   severa l  mil 1 i o n   t o n s .  The 

t a i l i n g s  appear t o  have  been  impounded i n l a n d   i n  a s m a l l   t a i l i n g s  pond 

loca ted   beh ind   t he   sme l te r   ad jacen t   t o   H idden   C reek .  
U n l i k e  B.C. Molybdenum (B.C. Res. Counci 1, 1975) ,  t h e  ore body a t  

Anyox appears t o  be r e a d i l y   s u s c e p t i b l e   t o   c h e m i c a l  and b a c t e r i o l o g i c a l  

o x i d a t i o n .  The B r i t i s h  Columbia  Research  Council  (1973)  conducted 

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

l e a c h i n g .  Low  pH (2.2 - 2 . 6 ) ,  and r e l a t i v e l y   h i g h   i r o n   ( 1 3 4  - 4770 

mg/l ) ,  copper  (2.6 - 294 mg/l ), and z i n c  (2.9 - 73 mg/l ) l e v e l s  were 

found  in   H idden  Creek   wh ich   d ra ins   the   mine   a rea  and f l o w s   i n t o  Granby 

Bay ( F i g u r e  1). T h i s   f a c t o r   i s   i m p o r t a n t  when i n t e r p r e t i n g   t r a c t !   m e t a l  

c o n c e n t r a t i o n s   i n   t i s s u e  samples  from  the Anyox area. 

Severa l   sma l le r   m ines ,   no tab ly   t he   To rb r i t ,   Do l l y   Va rden  and 

Esperanza  mines,  operated i n   t h e   A l i c e  A r m  area  between  1911  and  1959 

( L i t t l e p a g e ,   1 9 7 8 ) .   A p a r t   f r o m   c o n s t r u c t i o n   o f   t h e   K i t s a u l t   m i n e  and a 
b r i e f   h e l i c o p t e r   l o g g i n g   o p e r a t i o n ,   t h e r e  has  been  no m a j o r   i n d u s t r i a l  

a c t i v i t y   i n   t h e   a r e a   s i n c e  1972 when B.C. Molybdenum  ceased  operation. 

1.3 K i t s a u l  t Mine (Amax o f  Canada L t d .  ) 
The B.C. Molybdenum p r o p e r t y  was acqui red  by Amax o f  Canada L t d .  

( f o rmer l y   C l imax  Molybdenum Corpo ra t i on )   and   p roduc t i on  was resumed i n  

A p r i l  1981. The des igned   p roduc t i on   ra te  has  been inc reased   to   abou t  

12,000 t o n s   o f   o r e   p e r   d a y ,   t w i c e   t h a t   o f   t h e   p r e v i o u s   o p e r a t i o n .  It has 
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been  es t imated   tha t   approx imate ly  100 m i l l i o n   t o n s  will be processed  over 

t h e  26 y e a r   l i f e   o f   t h e  mine. The m a j o r i t y   o f   t h e   t o n n a g e  will be 

d i s c h a r g e d   d i r e c t l y   i n t o   A l i c e  A r m  as t a i l i n g s .  However,  steps  are  being 

taken  to   reduce  cadmiun,   lead  and z inc   wh ich  may lower  the  volume 

s l i g h t l y .  

I n   c o n t r a s t   t o   t h e   p r e v i o u s   o p e r a t i o n ,   t a i l i n g s   f r o m   t h e  

K i t s u a l t   m i n e   a r e   b e i n g   p i p e d   t o   t h e   f o r e s h o r e   o f   A l i c e  Arm, where  they 

a r e  m i  xed with  seawater  and  discharged  near  shore a t  a d e p t h   o f  50 

metres.  The submerged o u t f a l l   i s   l o c a t e d  between  Lime  Creek  and Roundy 

Creek  (Figure Z), g e n e r a l l y   r e f e r r e d   t o  as Rocky P o i n t .  

The t a i l i n g s   e f f l u e n t   f r o m   t h e   K i t s a u l t  mine comes under   spec ia l  

Federa l   regu la t i ons  (AATDR) which  were  promulgated i n   A p r i l ,  1979. These 

r c l g u l a t i o n s   s e t   c e r t a i n   c o n d i t i o n s  on t h e   e f f l u e n t   c h a r a c t e r i s t i c s ,  

behav io r  and d e p o s i t i o n   o f   t h e   t a i l i n g s  once   d i scha rged   i n to   A l i ce  Arm. 

(Appendix 13) .  
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2. MATERIALS AND METHODS 

I n  1981 a sampl ing  gr id  system  for   sediment  and  water was devised 

t o r  A l i c e  A r m  (F igu re  3 ) .  Th is  was t o   p e r m i t   g r e a t e r   c o v e r a g e   o f   t h e  a r m  

and be t te r   commun ica t i on   w i th   t he   sh ip ' s   b r i dge  on samp l ing   l oca t i ons  

through  a lpha-numer ic   coord inates.  However, separa te   f igures   fo r   sed iment  

s a m p l i n g   s t a t i o n s   a r e   a l s o   g i v e n   i n   t h e   r e p o r t   f o r   e a s e   i n   r e f e r e n c e   t o  

s p e c i f i c   s a m p l i n g   l o c a t i o n s .   O t t e r   t r a w l   s t a t i o n s   a r e   s i m i l a r   t o   t h o s e  

used i n  1977 t o  1980. All surveys   in   1981  were   car r ied   ou t   aboard   the  

survey  vessel  CSS Vector. 

2.1 " Sediment - " - " Cores "- - Dur ing  the  October   1981  survey  core 
samples  were  taken  along  the  central   axis of A l i c e  Arm, the  approaches t o  

Anyox  and t w o   s t a t i o n s   i n   H a s t i n g s  A r m  (F igu re  4-A and  4-B).  Coordinates 

and  depths  are  g iven  in   Appendix  1. Cores  were c o l l e c t e d   u s i n g  a Benthos 

co re r   equ ipped   w i th  a 60   kg   we igh t ,   p las t i c   core   tube and  catcher. The 

c o r e r  was a l l o w e d   t o   f r e e   f a 1  1 at   approximately  10-15  metres  f rom  the 

bo t tom  by   re leas ing   the   sh ip 's   w inch .   Cores  were ex t rac ted   f rom  the   co re  

t u b e  by i n s e r t i n g  a wooden p lunger   f rom  the  top end.  Subsamples  were 

t a k e n   a t   i n t e r v a l s   o f  0-2, 4-6,  10-12,  14-16, 20-22 cen t ime t res  and  10 cm 

t h e r e a f t e r   t o  a maximum o f  1.3 metrcs.   Surface  grabs  were  a lso  taken  at  

s e l e c t e d   s t a t i o n s   u s i n g  a s ta in less   s tee l   Smi th -MacIn ty re   g rab .  The t o p  

few cen t ime t res   f rom  the   cen t re   o f   t he   g rab   were   re ta ined   f o r   ana lys i s .  

Samples  were f rozen  on board i n   w h i r l p a c  bags.  Samples  were l a t e r  
analyzed,  unsieved, a t  t h e  West Vancouver   Labora tory   o f   the   Depar tment   o f  

Environment and F i s h e r i e s  and Oceans u s i n g  an Induct ive ly-Coupled  Argon 

Plasma O p t i c a l  Emmission  Spectrometer ( I C A P )  as  described  by  Swingle  and 

D a v i d s o n   ( 1 9 7 9 ) .   F i n e   d e f i n i t i o n   f o r   l e a d  and  cadmium a n a l y s i s  was 

de te rm ined   us ing   t he   Ja r rc t l l  Ash 850AAS w i t h  a FLA 100 g r a p h i t e   t u b e  

furnace.   Standard  Reference  Mater ia ls  BCSS-1 and MESS-1 f o r   m a r i n e  

sediment  and NBS-1645 fo r   R iver   Sed iment  were  analysed i n   t h e  same manner 

(Appendix 2 ) .  
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FIGURE 48 S E D I M E N T  CORE STATIONS- HASTINGS A R M  - 0 C t .  1981 
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I n  August  1981,  Dobrocky  Seatech  Ltd.  provided  53  dried  and 

s ieved  sed iment   samples   co l lec ted   f rom  A l i ce  A r m  d u r i n g   t h e i r   r e g u l a r  

m o n i t o r i n g   p r o g r a m   t o  EPS f o r   i n t e r l a b o r a t o r y   c o r n p a r i s m   o f   t r a c e   m e t a l  

ana lys i s .   Resu l t s   o f   compara t i ve   ana lys i s   a re   g i ven   i n   Append ix  3.  For 

a rsen ic   de te rm ina t ions   by  EPS, sediment  samples  were t r e a t e d   w i t h  an aqua 

r e g i a   a c i d   l e a c h   f o l l o w i n g  by   au tomated  hydr ide   genera t ion   w i th  I C A P  

d e t e c t i o n   o f   t h e   h y d r i d e .  

2.2 Tissue Samples " 

2.2.1 ~ . " _  Trawl Samples T issue  samples  were  co l lected  us ing a 

s m a l l   o t t e r   t r a w l   w h i c h   c o n s i s t e d   o f  a 3.8 cm mesh n e t   w i t h  a 5.8 metre 

t h r o a t .   S t a t i o n   l o c a t i o n s   f o r   t h e  May-June  and October  1981  surveys  are 

shown i n   F i g u r e  5. S t a t i o n   c o o r d i n a t e s  and depths arc! g iven  in   Appendix  

4. S t e t i o n  A - 1  nea r   t he   head   o f   A l i ce  A r m  had t o  be moved approx imate ly  

1.0 km seaward of i t s  1977-1980 l o c a t i o n  due t o   g r o u n d l i n e s  and c u r r e n t  

meter   a r ray   p laced  o f f   Pearson  Po in t  by Amax. This  was no t   expec ted   t o  

e f f e c t  compar ison   w i th   t i ssue  da ta   f rom  p rev ious   surveys .   T rawls  were 

towed  a long  center   channel   wi th  a 3 : l  scope f o r  a d i s t a n c e   o f  0.8 km, 

g e n e r a l l y ,   n e a r   t h e  head, m i d d l e  and  en t rance  o f   bo th   A l i ce  A r m  and 

Has t ings  Arm. I n  June  1981 an a d d i t i o n a l   t r a w l  was conduc ted   i n   Sy l ves te r  

Bay (H-5, f igure   5 )   and  Somerv i l le   I s land  [54"42.48 'N 130°16.19'W t o  

54'42.26'N  13Oo17.74'W( 50 m)],  which i s   l o c a t e d   a t   t h e   e n t r a n c e   t o  

P o r t l a n d   I n l e t .  These two  s i tes  were  not   sampled  in   the  1976-1980 

surveys. 

Spec ies   co l l ec ted   f o r   ana lys i s   were   genera l l y ,   panda l i d   sh r imp  

(Pandalus " b o r e a l i s ,  " P. b k s i n o t u s  and "" P a n d a l o p i s  __ - d i s E ) ;  crangon  Shrimp 

(Crangon - " communis) ;   Brown  and  A laska  K ing  crab  (L i thodes  aewspina,  -. "" 

Para1  i thodes  camtschiat ica) ,   Tanner   crab  (Chionoecetes " - - - b a i r d i ) ,   b i v a l v e  

( Y o l d i a  -___ "I" t h rac iae fo rm is ) ,   Wa l leye   po l l ock   (Therag ra  - I_ - " - - chalcogramma) " - " " . and a l l  

s p e c i e s   o f   f l a t f i s h   p r e s e n t   i n   t h e   c a t c h .  
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FIGURE 5 OTTER  TRAWL  STATIONS - ALICE ARM  AND 
HASTINGS ARM - May-  June, 1981 and October 1981 
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Pandalid  shrimp  were  beheaded  and t a i l   s e c t i o n   f r o z e n   i n   w h i r l p a c  

bags:  crangon  shrimp  were  frozen  whole, and f o r   c r a b ,   o n l y   t h e   l e g s  and 

c laws  were  re ta ined.  - Yold ia  -.- SJJ. were  frozen  whole, i n   t h e   s h e l l ,  

f o l l o w i n g   p u r g i n g   f o r  24 hours i n  seawater   taken  f rom  outs ide  A l ice A r m  t o  

remove t race  meta l   bear ing  sediment  and food  from  the  stomach. On 

occas ion ,   o the r   i nve r teb ra te   spec ies ,  eg. Macoma, __” Colus,  Molpadia,  ”_ were 

c o l l e c t e d .   F i s h   t i s s u e   c o n s i s t e d  o f  muscle f i l e t s   w i t h   s k i n  removed. 

Samples  were f r o z e n   i n d i v i d u a l l y   i n   w h i r l p a c  bags. 

2.2.2 I n t e r t i d a l  Samples ” A 1 i m i t e d  number o f  mussel (Myti - 1 us 

“_I_ c d u l  i s )  samples  were c o l l e c t e d   d u r i n g   t h e  May-June  1981  survey.  Sampling 

s t a t i o n s   a r e  shown i n   F i g u r e  6a, coo rd ina tes   i n   Append ix  5. Sample s i t e s  

occup ied   dur ing   base l ine   s tud ies   f rom  1977  to   1980  a re  shown i n   F i g u r e  6b. 

Mussels  were  frozen  whole i n   t h e   s h e l l   f o l l o w i n g   p u r g i n g   f o r  24 h o u r s   i n  

seawater   taken  f rom  ou ts ide   A l i ce  Arm. A d d i t i o n a l  samples  were  taken i n  
October   1981  but   los t  due t o   f r e e z e r   m a l f u n c t i o n   a t   t h e  West Vancouver 

1 a b o r a t o r y  . 

2.2.3 A n a l y t i c a l  ” Procedures 

P r i o r   t o  1981,  most o f   t h e   s h r i m p  and b i v a l v e  samples  were 

a n a l y s e d   i n   c o m p o s i t e s   o f   1 0   t o  20 i n d i v i d u a l s .   I n   1 9 8 1   a t t e m p t s  were 

made t o   a n a l y z e   t h e   i n d i v i d u a l s   s e p a r a t e l y .   O c c a s i o n a l l y ,  eg. _-_ Yo1 d i a  SI., - 

i n s u f f i c i e n t   t i s s u e   r e q u i r e d   u s i n g  more than  one animal.  The numbers used 

i n   t h e   c o m p o s i t e  samples  were  kept t o  a minimum, g e n e r a l l y  2 o r  3 

i n d i   v i d u a l  s. 

T issue  t race   meta l   ana lyses   were   car r ied   ou t  a t  t h e  West 

Vancouver   Labora tory   accord ing   to   p rocedures   ou t1   ined   by   Swing le  and 

Davidson  (1979)   which  were  bas ica l ly  as f o l l o w s :   t i s s u e  samples  were 

thawed,   b lended,   f reeze-dr ied   and  ox id ized   in  a low  temperature  asher.  

The  ash c o n t a i n i n g   t h e   m e t a l l i c   s a l t s  was t h e n   d i s s o l v e d   i n  w a r m  
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c o n c e n t r a t e d   n i t r i c   a c i d .  Samples  were analyzed on t h e  I C A P .  Standard 

Referer ,ce   Mater ia l  (SRM) 1577  (bovine l i v e r )   f r o m   t h e   N a t i o n a l   B u r e a u  o f  

Standards (NBS) was prepared  and  analyzed i n   t h e  same manner. I n  some 

cases t h e   d e t e c t i o n   l i m i t s   f o r   l e a d  and  cadmium i n   t h e   b a s e l i n e   s t u d i e s  

(1976-1980)  were  considered  inadequate.  In  1981, a l l  t i s s u e  samples  from 

A l i c e  A r m  t h a t  were  below  the I C A P  d e t e c t i o n  limit f o r   l e a d  and  cadmium 

were   ana lyzed  by   the   Jar re l l  Ash 850 AAS w i t h  a FLA 100 g raph i te   t ube  

f u r n a c e   t o   l o w e r   t h e   d e t e c t i o n  limit. 

The West Vancouver   Labora tory   rou t ine ly   conducts   qua l i t y   con t ro l  

c h e c k s   t h r o u g h   d a i l y   b a t c h   c o n t r o l   u s i n g   c a l i b r a t i o n   s t a n d a r d s ,   a n a l y t i c a l  

b l a n k s ,   d u p l i c a t e   a n a l y s i s   o f   t e s t  samples and a n a l y s i s   o f   s t a n d a r d  

r e f e r e n c e   m a t e r i a l s   a l o n g   w i t h  e a c h   b a t c h .   L o n g e r   t e r m   q u a l i t y   c o n t r o l   i s  

conducted   th rough  "b l ind   aud i t "   samples   to   check   ana lys t   per fo rmance and 

p a r t i c i p a t i o n   i n   i n t e r l a b o r a t o r y   s t u d i e s   w i t h   F i s h e r i e s  and  Oceans 

Freshwater   Inst i tu te ,   Env i ronment   Canada's   Centre  for   In land  Waters,  US 

Geo log ica l   Survey ,   In te rna t iona l   A tomic   Energy  Agency  and o the rs .   Typ ica l  

r e s u l t s   o b t a i n e d  by t h e  West Vancouver   Laboratory   for   T issue  Standard 

Re fe rence   Ma te r ia l s   a re  shown i n  Appendix 6-A. 

I n  August   1981  composi tes  for   in ter laboratory   compar ison  f rom 

t i s s u e s   o f   M y t i l u s   e d u l i s ,   C h i n o c a r d u i m   n u t t a l l i ,   L y o p s e t t a   e x i l i s   a n d  

"- Pandalus - boreal is   were  a lso  received  f rom  Dobrocky  Seatech  L td.  

A d d i t i o n a l  Sub-samples  had  been  sent by Amax t o  an independent  commercial 

l a b o r a t o r y .  The mean o f   t h r e e  samples  from  each  species  for As, Cd,  Cu, 

Mo, Pb and Zn o b t a i n e d   b y   t h e   t h r e e   l a b o r a t o r i e s   i s   g i v e n   i n   A p p e n d i x  

6-B. Values  have been taken  f rom Amax (1981). 

- - "- I___"_ "- -I- "" 
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3. Resu l t s  and D iscuss ion  
" -" 

3.1 "_ Sediment   Cores.   Analys is   o f   core  samples,   par t icu lar ly  

f r o m   t h e   A l i c e  A r m  area  can  prov ide  usefu l   data on t h e   n a t u r a l  

v a r i a b i l i t y   i n  sediment   t race  meta ls  and  an h i s t o r i c a l   p i c t u r e   o f  

p r e v i o u s   t a i l i n g s   d e p o s i t s .  Two p r e v i o u s   m i n i n g   o p e r a t i o n s   i n   A l i c e  A r m  

and  Hast ings A r m  h a v e   a f f e c t e d   t h e   t r a c e   m e t a l   l e v e l   o f   t h e   s u r f a c e  

sediment  over a f a i r l y  large  area  making it d i f f i c u l t   t o   o b t a i n  

s u f f i c i e n t   d a t a  on v a r i a b i l i t y   i n   n a t u r a l   b a c k g r o u n d   l e v e l s .   T h i s  can be 

determined by o b s e r v i n g   p a t t e r n s   i n   t h e   t r a c e   m e t a l   c o n c e n t r a t i o n   i n   t h e  

1 ower p o r t   i o n   o f   t h e   c o r e  samples i f  core  samples  extends  bel ow t h e  

c o n t a m i n a t e d   z o n e .   A l s o   t h e   m i n e r a l i z a t i o n   w h i c h   e x i s t s   i n   t h e   d r a i n a g e  

a r e a ,   e s p e c i a l l y   A l i c e  A r m  and t h e   h i s t o r y   o f   m i n i n g   a c t i v i t y   r a i s e s   t h e  

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

de r i ved .   Observ ing   t he   t race   me ta l   l eve l s   i n   sed imen t   ove r l y ing  and 

benea th   t he   o lde r  B.C. Molybdenum d e p o s i t s   h e l p s   t o   i d e n t i f y   t h e s e  

p o t e n t i a l   s o u r c e s  i f  t h e y   e x i s t .   A l t h o u g h   d a t a   i s   a v a i l a b l e  on t h e  

K i t s a u l t   m i n e   o r e  body  and t a i l i n g s   e f f l u e n t ,   m e t a l   l e v e l s   f o u n d   i n  B.C. 

Molybdenum d e p o s i t s   t a k e n   d i r e c t l y   f r o m   A l i c e  A r m  s e r v e   t o   i l l u s t r a t e   t h e  

r a n g e   i n   c o n c e n t r a t i o n s   t h a t  will l i k e l y   o c c u r   f r o m   t h e   K i t s a u l t  

ope ra t i on   f o l l ow ing   exposure   t o   va r ious   env i ronmen ta l   f ac to rs   p resen t   i n  

A l i c e  Arm. A l t h o u g h   n o t   n e c e s s a r i l y   e n t i r e l y   a v a i l a b l e   t o   t h e   b i o t a ,  

t r a c e   m e t a l   c o n c e n t r a t i o n s   f r o m   t h e   o l d  B.C. Molybdenum depos i t s  can a l s o  
g i v e  some i n d i c a t i o n  o f  t he  l e v e l  o f  t r a c e  meta l  exposure t o  the ben th i c  

b i o t a   d u r i n g   t h e   K i t s a u l t   m i n e   o p e r a t i o n .  

Resu l ts   f rom  e leven  core  samples  and s i x   s u r f a c e   g r a b s   t a k e n   i n  

October  1981  are shown i n  Appendix 7. Zero  values i n   t h e  Appendix  denote 

sample  taken  but  not  analyzed. These  have  been r e t a i n e d   i n   s t o r a g e .  

F igu res  7 t o  10 i l l u s t r a t e   i n d i v i d u a l   c o r e   p r o f i l e s   f o r   c o p p e r , l e a d ,  

z i n c ,  cadmium, i n   r e l a t i o n   t o  molybdenum for   each  s ta t ion .   S ta t ions   have 

been  arranged t o   p r o g r e s s   f r o m   t h e  head o f   A l i c e  Arm, westward t o   t h e  

en t rance  (F igures  7 and 8 )  , the  approaches  to  Anyox ( F i g u r e   9 )  and i n t o  
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Hast ings A r m  ( F i g u r e   1 0 ) .   P r o f i l e s   o b t a i n e d   i n  1978  have  been i n c l u d e d  

f o r  comparison. I n   1 9 8 1   c e r t a i n   s t a t i o n s   i n   A l i c e  A r m  sampled  were 

r e l o c a t e d   t o   c o r r e s p o n d   t o   t h e   l o c a t i o n   o f   t h e   K i t s a u l t   o u t f a l l .  The 1978 

p r o f i l e s   i n   F i g u r e  7 and 8 c o r r e s p o n d   t o   t h e   c l o s e s t   s t a t i o n   o c c u p i e d   i n  

1981.   Smi th-MacIntyre  grab  samples  taken  a t   var ious  core  s ta t ions 

i n d i c a t e  somewhat h ighe r   concen t ra t i ons   t han   t he   0 -2  cm p o r t i o n  o f  t h e  

equiva lent   core  sample,  eg. S t a t i o n s  M9 and M49 (Appendix 7 and  F igures 7 
and 8 ) .  Th i s  may be due t o  removal o f   t h e   t o p  few  cent imetres by t h e  

shock wave wh ich   p receedes   t he   co re r   o r   d i l u t i on  by w a t e r   p r e s e n t   i n   t h e  

t o p   o f   t h e   c o r e   t u b e .  The core  tube was neve r   comp le te l y   f u l l   o f   sed imen t  

i n d i c a t i n g  it d i d   n o t ,  a t  any t ime,  pass  beyond  the  surface  layer.  

Copper,  lead,  zinc  and cadmium p r o f i l e s   n e a r   t h e   K i t s a u l t   m i n e  

(M-9 t o  0 -32 )   genera l l y  showed two  main  peaks, one between 0 and  30 cm, 

t h e   o t h e r   i n   t h e   3 0 - 4 0  cm p o r t i o n  o f  t he   co re   (F igu re  7 and 8) .  Maximum 

copper,   lead,  z inc,  cadmium  and  molybdenum c o n c e n t r a t i o n s  i n  t h e  0-32 crn 

co re   dep th ,   S ta t i ons  M-9 t o  0-32  were  123 mg/kg,  435  mg/kg, 561  mg/kg, 

14.3  mg/kg  and 291 mg/kg, r e s p e c t i v e l y .   I n   t h e  30-42 cm p o r t i o n  maximums 

were  98 mg/kg,  236  mg/kg,  556  mg/kg, 5.5 mg/kg  and 10.6  mg/kg, 

r e s p e c t i v e l y .  Molybdenum  showed a s i n g l e  peak  betwen  10  and 20 cm. The 

copper,  which i s   n o t  a major  element i n   t h e   t a i l i n g s ,   l e v e l s  showed some 

inc rease   ove r   t he   na tu ra l   concen t ra t i on   bu t   l ess   p ronounced   than   l ead ,  

z i n c ,  cadmium o r  molybdenum. The upper peak presumably  would  represent 

t a i l i n g s   f r o m   t h e   K i t s a u l t  mine  which  began  product ion  approximately 7 

months e a r l i e r .  The lower  peak would be t a i l i n g s   f r o m   t h e   p r e v i o u s  B.C. 

Molybdenum opera t ion   wh ich   ceased  in  1972. I n   t h e  1978  core  data,  maximum 

c o n c e n t r a t i o n s   g e n e r a l l y   o c c u r r e d   a t   t h e   2 0 - 2 2  cm core  depth.  The new 

d e p o s i t s   f r o m   t h e   K i t s a u l t   m i n e   p r o b a b l y   a c c o u n t   f o r   t h i s   s h i f t   f r o m  1978 

p l u s  any na tu ra l   depos i t i on   wh ich   had   occu r red   s ince   t hen .   Excep t   f o r  

copper,  which may be due t o   t h e  Anyox o p e r a t i o n ,   s i m i l a r  peaks  were  not 

observed i n   H a s t i n g s  Arm. Below  40-50 cm., c o n c e n t r a t i o n s   a t  most 

s t a t i o n s   i n   A l i c e  A r m  except  Stat ion  8-6,   approached  background  levels.  

A t  S t a t i o n  B-6 which i s   l o c a t e d   o f f   t h e ,   K i t s a u l t   R i v e r   e s t u a r y   t h e  

p a t t e r n  was s l i g h t l y   d i f f e r e n t   w i t h ,   e l e v a t e d   l e v e l s   o f   l e a d ,   z i n c  
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and cadmium ex tend ing  much deeper i n   t he   sed imen t ,  down t o   t h e  maximum 

core   depth   o f   90-92  cm. Lower concen t ra t i ons   ( l ead ,   z inc ,  cadmium,  and 

molybdenum) i n   t h e   t o p   1 0 - 1 2  cm o f   t h e   c o r e  sample a t  S t a t i o n  B-6 
i n d i c a t e s   t h a t   n a t u r a l   s i l t   f r o m   t h e   K i t s a u l t   R i v e r  i s  n o t   c o n t r i b u t i n g  

s i g n i f i c a n t l y   t o   t h e   t r a c e   m e t a l   l o a d i n g   i n   t h e  arm. The p a t t e r n  shown 

i n   t h e   l o w e r   c o r e   d e p t h s  (down t o  92 cm) s u g g e s t s   t h a t   d u r i n g   t h e  B.C. 
Molybdenum o p e r a t i o n   t a i l i n g s  were t r a n s p o r t e d   t o   t h e   e s t u a r y   o f   t h e  

K i t s a u l t   R i v e r .  However, a number o f  mines  had  operated i n   t h e   a r e a  

p r i o r   t o  B.C. Molybdenum one o f   wh ich  was the   Do l l y   Va rden   s i l ve r   m ine .  

The mill s i t e  was located  about  32 k i l o m e t r e s   i n l a n d  and operated  between 

1948  and  1959. T a i l i n g s  w e r e   d i s c h a r g e d   d i r e c t l y   i n t o   t h e   K i t s a u l t   R i v e r  

and u l t i m a t e l y   w o u l d  be t r a n s p o r t e d  down t o   t h e   e s t u a r y .   T h i s  may be 

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

depths a t  S t a t i o n  8-6. 
Tab le  1 - A  and B shows the   average  t race   meta l   concent ra t ions  

found   i n   t he   1981   co re   samp les .  D a t a  f r o m   s t a t i o n s   i n   u p p e r   A l i c e  A r m  

has  been  separated,  based on t r a c e   m e t a l   d i s t r i b u t i o n ,   i n t o   t w o   p o r t i o n s ,  

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

new K i t s a u l  t mine, and t h e   p r e v i o u s  B.C. Molybdenum opera t i on  and 2 )  t h e  

lower   por t ion  which,   a l though  leve ls   approach  natura l   background,  still 
appears t o   c o n t a i n  some t a i l i n g s   s o l i d s   f r o m   t h e  B.C. Molybdenum  mine. 

The p u r p o s e   o f   t h i s  was t o   i s o l a t e  any o t h e r   p o s s i b l e   s o u r c e s   o f   t r a c e  

m e t a l s   t h a t  may be p r e s e n t   p a r t i c u l a r l y   f r o m   r i v e r s  a t  t h e  head o f  A1 i c e  
A r m .  Any s i g n i f i c a n t  n a t u r a l  inpu ts  should be r e f l e c t e d  by higher  

concen t ra t i ons   i n   t he   sed imen t   l aye r   be low  the  B.C. Molybdenum depos i t s  

which was n o t   t h e  case. 

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

S t a t i o n  H-2 i n   H a s t i n g s  A r m  i s   t h e  copper,   lead and z inc   concen t ra t i ons  

found i n   t h e  upper 22 cm o f   t h e   c o r e  sample. Resu l t s   sugges t   t ha t   t he  

i n f l u e n c e   o f   t h e  Anyox operat ion  extends some d i s t a n c e   n o r t h   i n t o  

Hast ings  Arm. Copper c o n c e n t r a t i o n s   i n   t h e   u p p e r  22 cm ranged  between 

76.2 and  119  mg/kg  compared t o  a range  of 47.3 t o  49.6 i n   t h e   l o w e r   c o r e  
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76.2 and  119  mg/kg  compared t o  a range o f  47.3 t o  49.6 i n   t h e   l o w e r   c o r e  

depths. It i s  p o s s i b l e   t h a t   s l a g   d e p o s i t s   h a v e   e x t e n d e d   i n t o   H a s t i n g s  

A r m  th rough a small  passage a t  t h e   n o r t h  end o f  Larcom  Is land  (F igure  

4-8) .  

3.1.1 Comparison o f   t h e  1978  and  1981  Core D a t a  

I n   t h e   f o l l o w i n g   d i s c u s s i o n   n a t u r a l   b a c k g r o u n d   l e v e l s   a r e  based 

on  values  general ly  encountered  in  sediment  samples  which  were  not 

a f f e c t e d  by e i t h e r   t a i l i n g s   o r   s l a g   d e p o s i t s  and d iscount ing   ex t reme  h igh  

and  low  values. 

Copper 

O u t s i d e   A l i c e  Arm, t h e   n a t u r a l  - copper   content  o f  the  sediment 

l i e s   w i t h i n  a fair ly narrow  range,  between 40 and 55 mg/kg.  From t h e  

1978 core  data,  l e v e l s  were placed between 30 and 50 mg/kg. (Goyet te  and 

C h r i s t i e   1 9 8 2 ) .   I n   t h e   P a n e l   r e p o r t   ( B u r l   i n g  ” e t  a1  1981)  copper 

c o n c e n t r a t i o n   i n   t h e   e a r t h s ’   c r u s t   i s   g i v e n  as 70 mg/kg. Severa l   h igh 

values, i n  excess  of   100 mg/kg,  were  observed i n   H a s t i n g s  A r m  which  are 

p robab ly  due t o   t h e  Anyox sme l te r .   Mos t   concen t ra t i ons   i n   Has t i ngs  A r m  

ranged  between 47 and  53 mg/kg. Seaward o f   t h e  Hans Point   boundary 

(AATDR) (A12, 868)  copper  values  ranged  between 33  and  74  mg/kg  (x=43.1 

and 43.6  mg/kg, r e s p e c t i v e l y ) .   W i t h i n   t h e   t a i l i n g s   d e p o s i t s   i n   A l i c e  

Arm, c o n c e n t r a t i o n s   i n   t h e   u p p e r  (0-30 cm) p o r t i o n   o f   t h e   c o r e  a t  

S t a t i o n s  M9, 420, and  032  ranged  between 75 and  123  mg/kg. Maximum 

concen t ra t i ons  above  100  mg/kg  were  found  both i n  1978  and  1981. 

E leva ted   concent ra t ions   appear   to   ex tend  seaward  as f a r  as S t a t i o n  “49. 

Near Anyox (A-15)   copper   concentrat ions  in  a s ingle  core  sample  ranged 

between  603  and  952  mg/kg (x=803 - + 115  mg/kg). I n  1978  copper 

c o n c e n t r a t i o n s   i n  a 22 cm core  sample  ranged  between  625  and  661  mg/kg. 
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Lead 
”_ 

From t h e  1978 co re   da ta   t he   na tu ra l   backg round   concen t ra t i on   f o r  

l e a d  was e s t a b l i s h e d  a t  about 19.0  mg/kg. S i m i l a r  r e s u l t s  were ob ta ined 

from  the  1981  cores  where  levels  ranged  between 25.5 ” -t 4.8 mg/kg i n   t h e  

lower  core  depths  near  the  head o f  A l i c e  A r m  t o  13.1 - -t 7.6 mg/kg near   t he  

mouth. The former  values  appear t o   c o n t a i n  some l i g h t   t a i l i n g s  

contaminat ion .   Natura l   background  normal ly   l ies  somewhere between - 11 

mg/kg  and 25 mg/kg. A c c o r d i n g   t o   t h e   P a n e l   r e p o r t   ( B u r l i n g  ” e t  a1 , 1981) 

l e a d   c o n c e n t r a t i o n   i n   t h e   e a r t h   c r u s t   i s   1 6  mg/kg.  Lead concen t ra t i ons  

f o u n d   i n   c o r e  samples  taken i n   A l i c e  A r m  i n  1981  ranged  between 77.8 - -t 

34.6  mg/kg  and  212 - -t 137  mg/kg. A grab  sample  taken a t  S t a t i o n  “9, o f f  

t h e   K i t s a u l t   o u t f a l l  , con ta ined  217  mg/kg, lead.  

A t  Anyox,  1  ead concen t ra t i ons  were l ess   t han  6.6 mg/kg 

th roughou t   t he   co re  compared t o  9.0 t o  11.0 mg/kg found i n  1978 a t   t h e  

same s t a t i o n   l o c a t i o n .  

Z inc  

Near t h e   K i t s a u l t  m i n e ,   z i n c   l e v e l s   i n   1 9 8 1   i n   t h e   l o w e r   c o r e  

depths  ranged  from a mean o f  138 - -t 6.6 mg/kg t o  174 2 18  mg/kg.  Seaward 

the   average was lower,  102 - -t 14.4 mg/kg  and  110 - -t 7.0 mg/kg. The average 

f r o m   t h e  1978 da ta  was s i m i l a r  a t  115  mg/kg. The n a t u r a l   z i n c  

concen t ra t i ons   a round   A l i ce  A r m  should  normally  range  between  90  and  150 

” mg/kg. Z inc   concen t ra t i on   g i ven  by t h e   P a n e l   r e p o r t   f o r   t h e   e a r t h ’ s  
c r u s t  are  60 mg/kg (Burling ” e t  a l ,  1981) 

I n  1981  concent ra t ions   in   the   con taminated   sed iment   f rom  A l i ce  

” A r m  ranged  f rom 233 - -t 67.4  mg/kg t o  386 - + 156  mg/kg. I n  1978 the  average 

was 242  mg/kg (Goyet te  and C h r i s t i e ,   1 9 8 2 ) .   E x c l u d i n g   S t a t i o n  8-6, t h e  

maximum z i n c   c o n c e n t r a t i o n   n e a r   t h e   K i t s a u l t   m i n e  was 556 mg/kg a t  ”9, 

40-42 cm core  depth  (Appendix  7) .  A t  Anyox z inc  concentrat ions  averaged 

2534 2 478 mg/kg., h ighe r   t han  any o t h e r   s t a t i o n .  
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Cadmi um 
"~ 

Perhaps  the   most   s ign i f i can t   change  takes   p lace   w i th  cadmium 

where  background "" l e v e l s   i n   b o t h  A1 i c e  A r m  and Has t ings  A r m  were  bel ow a 

d e t e c t i o n  limit o f  0.6 mg/kg. A c c o r d i n g   t o   t h e   P a n e l   r e p o r t   ( B u r l i n g  " e t  

- a l ,   1 9 8 1 )   t h e  cadmium c o n c e n t r a t i o n   i n   t h e   e a r t h ' s   c r u s t   i s  0.15  mg/kg. 

W i t h i n   t h e   A l i c e  A r m  " t a i l i n g s   d e p o s i t s   l e v e l s   i n   t h e   u p p e r   c o r e   n o r m a l l y  

ranged  f rom 2 t o  8 mg/kg w i t h  maximum c o n c e n t r a t i o n s   o f   a b o u t   1 4  mg/kg 

ob ta ined   a t   co re   s ta t i ons   Q-20   and  4-32. O f f  t h e   K i t s a u l t  mine, a 

s u r f a c e   g r a b   a t  M-9 con ta ined  19.6 mg/kg. I n  1978 the   average  found  in  

t h e  B.C. Molybdenum depos i t s  was 13.6  mg/kg, w i t h  a maximum o f  43  mg/kg, 

a va lue   no t   observed  in   1981  (Goyet te  and C h r i s t i e ,   1 9 8 2 ) .  

Radio isotopes 

Rad io i so tope   ana lys i s  was done on se lec ted   co re   samp les   i n  1978. 

T h i s  was not   repeated on t h e  1981  samples  s ince  the  analys is  showed no 

a p p a r e n t   i n c r e a s e   r e s u l t i n g   f r o m   t h e   p r e v i o u s  B.C. Molybdenum opera t i on .  

L e v e l s   w e r e   a t   o r   b e l o w   n a t u r a l   c o n c e n t r a t i o n s   r e p o r t e d   f o r   t h e   a r e a  (see 

Goyet te   and  Chr is t ie ,   1982) .  

Molybdenum 

The d e t e c t i o n  limit f o r  molybdenum i n  1980 was 18.5  mg/kg 

(Goyet te   and  Chr is t ie ,   1982) .   Th is  was lowered t o  2.5 mg/kg i n  1981. 

F o r   b o t h   A l i c e  A r m  and Has t ings  A r m  t h e   n a t u r a l  molybdenum con ten t  i n   t h e  

marine  sediment was bel  ow 2.5 mg/kg. Values  given by t h e   P a n e l   f o r   t h e  

e a r t h ' s   c r u s t  was 15  mg/kg. Fo r   t he   upper   o r   con tamina ted   po r t i on  " o f  

core   samples   f rom  A l i ce  A r m  mean values  ranged  between 12.7 " mg/kg  and 

146.4  mg/kg.  Near t h e   K i t s a u l t   m i n e  ("9, Q-20) maximum l e v e l s  were  255 

and  291 mg/kg, r e s p e c t i v e l y .  A grab  sample o f   f r e s h   t a i l i n g s   a t  M9 

con ta ined  209  mg/kg, Mo. 
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Arsen ic  

A n a l y s i s   f o r   a r s e n i c  was n o t  done on t h e  1978  samples and i s   n o t  

cons idered a major  element i n   t h e   K i t s a u l t   t a i l i n g s   w h i c h   a v e r a g e s   a b o u t  

12.8  mg/kg (see  Sect ion  3.2).  As seen i n   T a b l e  1 - A  a r s e n i c   l e v e l s   i n  

A l i c e  A r m  were   h igher   than  Has t ings  Arm, averaging  20 t o  31 mg/kg, 

compared t o  12 t o  16  mg/kg, r e s p e c t i v e l y  . Concen t ra t i on   g i ven   by   t he  

Panel f o r   t h e   e a r t h ’ s   c r u s t  was 5 mg/kg. Values f o r   t h e   K i t s a u l t   R i v e r  

and I l l i a n c e   R i v e r  sediments  were  given as 29.3 mg/kg  and 38.3  mg/kg, 

r e s p e c t i v e l y   ( B u r l i n g   e t   a l ,   1 9 8 1 ) .  

” Nickel   N icke l   concent ra t ions   in   core   samples   f rom  Hast ings  A r m  averaged 

f r o m  10.2 - + 1.6 mg/kg  near  the  head ( H l )  t o  23.3 - + 2.7 mg/kg i n   t h e   m i d d l e  

(H2).  Averages  were s l i g h t l y   h i g h e r   a t  A-12 and  B-68, a t  38.0 - + 2.7 and 

40.4 - + 4.1, r e s p e c t i v e l y .   C o n c e n t r a t i o n s   o f   n i c k e l   t e n d   t o  be somewhat 

l o w e r   i n   b o t h   t h e  Anyox  and A l i c e  A r m  t a i l i n g s   d e p o s i t s .  As sugges ted   i n  

t h e  Pane l   repo r t   (Bu r l i ng  ”- e t  a1 , 1981) t a i l i n g   f r o m   t h e   K i t s a u l t  mine 

appear t o  have a d i l u t i n g   e f f e c t  on the  mar ine  sediment .   Th is  was a l s o  

n o t e d   i n   t h e  1978  core  samples  taken  from  the B.C. Molybdenum d e p o s i t s  

(Goye t te   and   Chr i s t i e ,   1982) .   I n   1981   concen t ra t i ons   i n   t he   upper   co re  

(eg .   S ta t ion  M-9)   Mere   genera l l y   lower   than  the   deeper   por t ion .  A s u r f a c e  

g r a b   a t  M-9 showed a v a l u e   o f  12.5 mg/kg  (Appendix  7). 

- I r o n ,  Chromium,  Magnesium,  Vanadium  and Aluminium 
C o n c e n t r a t i o n s   o f  magnesium,  vanadium, aluminium  appear t o  be 

s i m i l a r   t h r o u g h o u t   t h e   a r e a .   I r o n   c o n c e n t r a t i o n s   t e n d e d   t o  be h i g h e r   i n  

t h e   A l i c e  A r m  t a i l i n g s   d e p o s i t s  and e x c e p t i o n a l l y   h i g h   a t  Anyox (max. 16.2 

p e r c e n t ) .  Chromium appears t o  show a s i m i l a r   p a t t e r n   t o   n i c k e l  where t h e  

t a i l i n g s   d e p o s i t s  have d i l u t e d   t h e   s e d i m e n t   c o n c e n t r a t i o n s .  
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3.1.2 Comparison o f  EPS and Amax D a t a  on Surface  Sediment  Trace  Metals 

As p a r t   o f   t h e   m o n i t o r i n g   r e q u i r e m e n t s  Amax o f  Canada c a r r i e s  ou an 

annual  sampling  program t o   d e t e r m i n e   t h e   s u r f a c e   d i s t r i b u t i o n   o f   t h e  

t a i l i n s s   i n   A l i c e  Arm. A s e r i e s   o f   m o n i t o r i n g   l i n e s ,  AA t o  HH ( F i g u r e  3 )  
a r e  sampled a t   t h e  0, 50, 100 metres and m idd le   dep ths   f o r   t race   me ta l  

con ten t   i n   t he   sed imen t .   Tab le  2 compares the  copper ,   lead,   z inc,  

cadmium, a r s e n i c  and  molybdenum c o n c e n t r a t i o n s   f o u n d   i n   t h e  0-2 cm core 

depth by EPS, i n s i d e  and o u t s i d e   t h e   d e p o s i t i o n   a r e a ,   t o   t h o s e   o b t a i n e d  

Amax f r o m   t h e   m i d d l e   s t a t i o n s  on t h e   m o n i t o r i n g   l i n e s ,   i e .  AAM t o  HHM 

(Amax 1981) .  

"""_I_ 

C o n s i d e r i n g   t h e  number o f   p o s s i b l e   v a r i a t i o n s   t h a t  can  occur,   the 

da ta  shows reasonably  close  agreement.  Comparing  data  from  both  sources 

t h e   r a n g e   i n   r a t i o s  o f  sur face   sed iment   t race   meta l   con ten t   w i th in   the  

d e p o s i t i o n   a r e a   t o   t h e   n a t u r a l   s u r f a c e   s e d i m e n t   o u t s i d e   i s  2:1,   3-16:1,  
2 -5 :1 ,   1 -2 : l  and 16-34:l f o r  Cu, Pb, Zn, As and Mo, r e s p e c t i v e l y .  

The sha rp   i nc rease   me ta l   concen t ra t i ons   i n   t he   su r face   l aye r  (0-2 
cm) i n  1981 i n d i c a t e   t h a t   f r e s h   t a i l i n g s   f r o m   t h e   K i t s a u l t  mine  have 

e x t e n d e d   s e a w a r d   a t   l e a s t   t o   S t a t i o n  Q-32 (F igure  4-A) .   V isual   ev idence 

o f  f r e s h   d e p o s i t s  was observed  f rom  the  Pisces IV a l o n g   t h e   c e n t r a l   a x i s  

o f  A1 i c e  A r m  between 423 and 426 ( F i g u r e  3 )  i n   J u l y  1982 (pers.  obs. ). 
Based on lead, cadmium  and  molybdenum concen t ra t i ons ,  company m o n i t o r i n g  

o f  t he   su r face   sed imen t   me ta l   l eve l s  (Amax, 1981)  places  the  seaward 

e x t e n t   o f   t h e   K i t s a u l t   m i n e   t a i l i n g s   i n   m i d - c h a n n e l   b e t w e e n   m o n i t o r i n g  

l i n e s  E-E an  F-F  (Hans P o i n t )   ( F i g u r e  3 ) .  

3.2 Amax T a i l i n g s   S o l i d s  

Amax r e p o r t s   t h a t   f o r   t h e   i n i t i a l   p r o d u c t i o n   p e r i o d   ( A p r i l   t o  

October 1981) m e t a l   c o n c e n t r a t i o n s   i n   t h e   s o l i d   p o r t i o n   o f   t h e   t a i l i n g s  
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e f f l u e n t  were  61.1  (13.3-98.5)  ug/g, Cu; 150  (65-214)  ug/g, Pb;  428 

(194-980)  ug/g, Zn; 18.7 (9.0-55.5)  ug/g, Cd; 12.8 (1.4-26.4)  ug/g, As; 

and 273 (169-438)  ug/g, Mo. I r o n   c o n c e n t r a t i o n s   f o r   t h e  same p e r i o d  were 

2.0 (1.2-2.5)  precent. Radium  226 l e v e l s ,   r e p o r t e d   i n   B e c q u e r e l s   p e r  

gram  (one equals  approx 27 p i cocu r ies )   were  0.03 (0.01-0.04).  Uranium 

averaged 1.8 ug/g. 

Ama x 

t o n n e s   o f   t a i l  

1981  averaged 

December 31. 

3.2.1 T a i l  i - 

(1981)  reports,  as o f  December  31, 1981 a t o t a l   o f  1,947,950 

i n g s  had  been d i s c h a r g e d   t o   A l i c e  Arm. The d i s c h a r g e   i n  

about  8,600  tonnes  per  operat ing day  between May 16  and 

ngs  Leachabi 1 i t y  

Experiments  have been conducted by AMAX (Rescan  Environmental 

Serv ices  L td. ,   1982)   and  the  Envi ronmenta l   Protect ion  Serv ice  (Wastewater  
Technology  Centre - B u r l i n g t o n ,   O n t a r i o )   t o   e s t i m a t e   t h e   p o t e n t i a l  

l e a c h a b i l i t y   o f   K i t s a u l t   t a i l i n g s .  The Rescan s tud ies   were   conducted   w i th  

a seawater medium w h i l e   t h e  EPS s tud ies   used   seawate r ,   d i s t i l l ed   wa te r ,  an 

a c i d i c   s o l u t i o n  and a s y n t h e t i c   l a n d f i l l   l e a c h a t e .   B o t h   s t u d i e s   i n v o l v e d  

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

r a t i o s ,   m i x i n g ,  and t a i l i n g s  sample c h a r a c t e r i s t i c s .  The t a i l i n g s  sample 

s u b m i t t e d   f o r   t h e  EPS t e s t   e x h i b i t e d  much h igher   meta l   va lues   than  the  

Rescan  Tested  sample  or  routine  samples  obtained by Amax: 

M e t a l   C o n t e n t   o f   T a i l i n g s  Samples 

Submi t ted   fo r   Leach ing   Tes ts .  

Parameter 

Pb 

Cd 

Zn 

LAB 

Rescan  (CanTest ) EPS 

u g / g  
135  840 

23 110 

735 4791 

The EPS sample was checked  and  the  resul ts  g iven  above do 
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represent   the   meta ls   p resent  on a d ry   we igh t   bas is .   For  a d i s c u s s i o n   o f  

t h e   p r o c e d u r e s   f o l l o w e d   i n   e a c h   t e s t ,   t h e   r e a d e r   i s   r e t e r r e d   t o  Anon. 

(1981) and  Rescan (1982). The r e s u l t s   o f   t h e  EPS l e a c h i n g   t e s t s   a r e  shown 

i n  Table 3. Bo th   t he  Rescan  and EPS s t u d i e s   i n d i c a t e d   t h a t   t h e r e  was 

v i r t u a l l y  no   de tec tab le   l each ing   o f   me ta l s   w i th   t he   seawate r  medium under 

t h e   s h o r t   t e r m   d u r a t i o n   t e s t   c o n d i t i o n s   s t u d i e d .  

T e s t s   w i t h   o t h e r  media i n   t h e  EPS study  however, d i d  show some 

l e a c h a b i l i t y .  It i s   i m p o r t a n t   t o   n o t e   t h a t   t h e  EPS l e a c h i n g   p r o t o c a l  was 

developed i n   o r d e r   t o  a s s e s s   t h e   p o t e n t i a l   l e a c h i n g   o f   w a s t e s   t h a t  may be 

p l a c e d   i n   m u n i c i p a l   l a n d f i l l s .  As such, t h e   t e s t s   a r e   n o t   d i r e c t l y  

r e l e v a n t   t o   t a i l i n g s  and e s p e c i a l l y  Amax's t a i l i n g s   s i n c e   t h e y   a r e   n o t  

impounded on land. It i s   i n t e r e s t i n g ,  however, t o  o h s e r v e   t h e   r e l a t i v e  

l e a c h i n g   e f f i c i e n c y   o f  each medium. I n   p a r t i c u l a r ,   w i t h   d i s t i l l e d   w a t e r  

about 17% o f   t h e   a r s e n i c  was leached  a t  4:l l i q u i d   t o   s o l i d   r a t i o  and 

about 10% a t  20:l r a t i o .   I n s i g n i f i c a n t  amounts o f  copper  or  lead  were 

l e a c h e d   w i t h   t h e   d i s t i l l e d   w a t e r  media.  With an a c i d i c   s o l u t i o n   a b o u t  9% 
o f   t h e   a r s e n i c ,  7% o f   t h e  copper, and 4% o f   t h e   l e a d  was l e a c h e d   a t   t h e  

4 : l  r a t i o  and about 3% o f   t h e   a r s e n i c ,  18% o f  the  copper,  and 15% o f   t h e  

l e a d  was leached a t  t h e  2O:l r a t i o .  

The i n c r e a s e d   l e a c h i n g   e f f i c i e n c y   f o r   c o p p e r  and l e a d   a t   t h e  

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

due t o   t h e   l o w e r   f i n a l  pH o f   t h e   m i x t u r e .  A t  t h e   h i g h e r   l i q u i d   t o   s o l i d s  

r a t i o ,   t h e   f i n a l  pH more c lose ly   matches   the  medium pH and, t h e r e f o r e ,  
enhances  metal   dissolut ion.   Arsenic on t h e   o t h e r  hand shows increased 

d i s s o l u t i o n   w i t h   i n c r e a s i n g  pH as shown below. 
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L e a c h i n g   E f f i c i e n c y   o f   A r s e n i c   f r o m  Amax T a i l i n g s  

pH " Media % Leaching E t f i c i e w  . 
7.2 D i  s t  i 1 l e d   w a t e r  17.49 

6.95 D i s t i l l e d   w a t e r  10.29 

5.1 A c i d i c   S o l u t i o n  8.64 

4.55 A c i d i c   S o l u t i o n  2.57 

The EPS s tudy   a l so   used   t he  U . S .  Env i ronmen ta l   P ro tec t i on  Agency 

(EPA) E x t r a c t i v e   P r o c e d u r e  ( E P )  Tox i c i t y   Tes t   pu rsuan t   t o   t he   p rocedures  

ou t1   ined   in   the   Resource   Conserva t ion  and  Recovery  Act (RCRA). The 

r e s u l t s   f r o m   t h i s   t e s t   a r e   u s u a l l y   u s e d   b y   t h e  EPA i n   d e f i n i n g  hazardous 

wastes  which  would be s u b j e c t   t o  RCRA.  The r e s u l t s  o f  an EP T o x i c i t y   T e s t  

o f  Amax t a i l i n g s   t o g e t h e r   w i t h   t h e  maximum c o n c e n t r a t i o n  o f  contaminants 

a l l o w e d   i n   t h e  EPA r e g u l a t i o n s   a r e   l i s t e d   b e l o w :  

EP T o x i c i t y   T e s t   o f  Amax T a i l i n g s   R e s u l t s  

Parameter -~ 

As 

Cd 

Pb 

Amax Sampl e C r i t e r i a  

mg/l - 
" -~ 

" 5.0 

L0.3 1 .o 
LO.1 5.0 

The Amax sample met t h e  EP T o x i c i t y   T e s t   c r i t e r i a   f o r   t h e  

parameters  measured,  however,  the  test was developed t o  assess  the 

h a z a r d o u s   n a t u r e   o f   l a n d   f i l l e d   m a t e r i a l s  and t h e r e f o r e   t h e   c r i t e r i  

n o t   a p p l i c a b l e   t o   t a i l i n g s .  

The r e s u l t s   g i v e n  above  should be viewed as p r e l i m i n a r y  

i n d i c a t i o n s   o n l y   o f   t h e   p o t e n t i a l   l e a c h a b i l i t y   o f   t h e   K i t s a u l t  tail 

a a re  

i ngs 
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s i n c e   t h e y  were obtained  f rom  analyses  of   only  two  samples.  The r e s u l t s  

o f   t h e  EPS t e s t   i n   p a r t i c u l a r  may no t  be r e p r e s e n t a t i v e   s i n c e   t h e   t a i l i n g s  

sample  used in   t he   exper imen t   con ta ined   a t yp i ca l   me ta l   va lues .  It i s  

recommended t h a t   c o m p o s i t e   t a i l i n g s  samples be used i n  any f u t u r e  

l e a c h a b i l i t y   s t u d i e s .  It i s  unders tood  tha t  Rescan Envi ronmenta l   Serv ices 

will be c o n d u c t i n g   l o n g   t e r m ,   a g i t a t i o n  and s t a n d a r d   e l u t r a n t   l e a c h i n g  

t e s t s   o f   K i t s a u l t   t a i l i n g s .  The r e s u l t s   o f   t h e s e   t e s t s  may p rov ide  

f u r t h e r   i n s i g h t s   i n t o   t h e   l e a c h a b i l i t y   o f   K i t s a u l t   t a i l i n g s .  

They  do i n d i c a t e  however, t h a t  some leach ing  may o c c u r   i n  a 

r e l a t i v e l y   m i l d   a c i d  medium. Th is   ra i ses   t he   ques t i on   conce rn ing   t he  

p o t e n t i a l   f o r   c e r t a i n   b i o t a   w h i c h  have an a c i d  medium i n   t h e   g u t ,   t o  

e x t r a c t  and accumulate  metals.  I f  t h i s  does occur,   whether  var ious  metals 

a r e   c o p f i n e d   t o   c e r t a i n   i n t e r n a l   o r g a n s ,   a d a q u a t e l y   e x c r e t e d   o r   b u i l t  up 

i n   t h e   e d i b l e   p o r t i o n   r e m a i n s   t o  be answered. It i s  recommended t h a t  

s t u d i e s  be under taken   t o   de te rm ine  i f  the   phys io logy   o f   key   spec ies  

p r e s e n t   i n   A l i c e  Arm, upon bo th   sho r t   t e rm and long  term  exposure,   are 

capab le   o f   ex t rac t i ng   me ta l s   f rom  the  Amax t a i l i n g s .   P a r t i c u l a r   a t t e n t i o n  

shou ld  be p a i d   t o   i n t e r t i d a l  and s u b t i d a l   s p e c i e s   o f   b i v a l v e s .  

3.3 T issue  Trace  Meta ls  

T issue samples f o r   t r a c e   m e t a l   a n a l y s i s  had  been c o l l e c t e d   f r o m  a 

v a r i e t y   o f   s u b t i d a l  and i n t e r t i d a l   s p e c i e s   i n   A l i c e  A r m  between  1977  and 
1980 t o  e s t a b l i s h   b a s e l i n e   l e v e l s   p r i o r  t o  s t a r t - u p  o f  t h e   K i t s a u l t   m i n e .  

T issue samples  f rom  var ious  subt idal   species had a l s o  been c o l l e c t e d   f r o m  

t h r e e   c o n t r o l   a r e a s   a l o n g   t h e  B.C. coas t .  These r e s u l t s  have been 

r e p o r t e d   i n  P a r t  1 (Goyet te  and C h r i s t i e ,   1 9 8 2 ) .  

Resu l t s   ob ta ined   f rom  t i ssue  samples c o l l e c t e d   i n  May-June  and 

October  1981, i n   A l i c e  A r m  and Hast ings  Arm, s h o r t l y   a f t e r   s t a r t - u p   o f   t h e  

K i t s a u l t   m i n e   a r e  shown i n   T a b l e  4. All t i s s u e   d a t a   c o l l e c t e d   f r o m   A l i c e  

A r m  and  Hast ings A r m  d u r i n g   t h e   p r e   s t a r t - u p   p e r i o d  and t h e   c o a s t a l  

c o n t r o l   a r e a s  have a l s o  been i n c l u d e d   f o r   c o m p a r i s o n .   S t a t i s t i c a l   d a t a  

f o r   t h e  May-June  and October   1981  survey  are  g iven  in   Appendix  9 and  10, 

r e s p e c t i v e l y .  Raw d a t a   a r e   l i s t e d   i n   A p p e n d i x  11 and  12, r e s p e c t i v e l y .  
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When r e f e r r i n g   t o   T a b l e  4 i t  should be n o t e d   t h a t  mean va lues   fo r  1977  and 

1978,  shrimp and b iva lves  are  based on composite  samples. The 1981 means 

are  based on a n a l y s i s   o f   i n d i v i d u a l  samples.  Composite  samples  and  the 

number o f   i n d i v i d u a l s  used t o   c a l c u l a t e   t h e  mean values i n  1981  have been 

i n d i c a t e d  as f o o t n o t e s   i n   t h e   T a b l e  4. F igu res  11 t o  16 i l l u s t r a t e   t h e  

mean t race  concentrat ions  in   se lected  spec ies  sampled  between  1977  and 

1981. All r e s u l t s   a r e   g i v e n   i n   d r y   w e i g h t .  Mean wet t o   d r y   r a t i o s   f o r  

c o n v e r s i o n   t o  wet   we igh t   a re   g iven   in   Tab le  4. On Appendices 9 and  10, 

f o r   t h e   p u r p o s e   o f   c a l c u l a t i n g   t h e  mean a l l   l e s s   t h a n   v a l u e s   o r   t h o s e  

b e l o w   t h e   d e t e c t i o n   l i m i t s  were  taken t o   t h e   n e x t   l o w e r   s i g n i f i c a n t   v a l u e  

and   t rea ted  as a r e a l  number  eg. L0.5 mg/kg  equals 0.49  mg/kg. 

Comparing t i s s u e   d a t a   c o l l e c t e d   f r o m   A l i c e  A r m  i n  May-June  and 

October  1981 t o  d a t a   c o l l e c t e d   p r i o r   t o   s t a r t - u p   o f   t h e   K i t s a u l t   m i n e   t h e  

most s t r i k i n g   f e a t u r e   i s   t h e   p r o n o u n c e d   i n c r e a s e   i n   m e t a l   c o n c e n t r a t i o n s  

f o u n d   i n   t h e   b i v a l v e   Y o l d i a  ” traciaeformis/montereyensis. - Copper,  lead, 
z i n c  and cadmium concen t ra t i ons   i n   who le  body t i s s u e   f r o m  samples  taken i n  

A l i c e  A r m  were s u b s t a n t i a l l y  above  those  taken i n  1 9 7 8   f r o m   s i m i l a r   s i t e s .  

The a v e r a g e   l e a d   c o n c e n t r a t i o n s   a t   S t a t i o n  A - 1  f o r  example i n  October  1981 

ranged  between 173.7  mg/kg  and 177.2 mg/kg  compared t o  60.0 mg/kg i n  1978. 

Zinc  concentrat ions  increased  f rom  682  mg/kg  in  1978 t o  1137  mg/kg  and 

1276  mg/kg i n   O c t o b e r  1981. 

Concent ra t ions   genera l  l y  were we1 1 above maximums f o u n d   i n   t h e  

sur face  sediment   f rom  the same area. Maximum z i n c   c o n c e n t r a t i o n   i n  a grah 

sample   f rom  S ta t ion  M-9 f o r  example was 683  mg/kg  (Appendix 7 ) .  Z inc  

concen t ra t i ons   g rea te r   t han   1000  mg/kg  however,  have  bpen repor ted  by Amax 

f rom  the i r   annua l   sed iment   t race   meta l   mon i to r ing   p rogram (Amax 1981). 

These  were  recorded o f f   t h e   o u t f a l l  and s t a t i o n  on t h e   n o r t h  end o f   l i n e  

BB a t  a depth   o f   100  met res   (see   F igure  3 f o r  Amax m o n i t o r i n g   l i n e s ) .  All 

o t h e r   s t a t i o n s   i n   u p p e r   A l i c e  A r m  were  below 600 mg/kg. M e t a l   l e v e l s   i n  

t h e   t i s s u e s  a1 so tended t o  be s l i g h t l y   h i g h e r   i n   O c t o b e r  compared t o   t h e  

May-June pe r iod .  

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

c o n c e n t r a t i o n   s t r o n g l y   s u g g e s t s   t h a t   t h e   i n c r e a s e   i n   c e r t a i n   m e t a l s   i s  due 

t o  b ioaccumulat ion  ra ther   than  contaminat ion  o f   the  sample  by  sediment  

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

c o n c e n t r a t i o n   s t r o n g l y   s u g g e s t s   t h a t   t h e   i n c r e a s e   i n   c e r t a i n   m e t a l s   i s  due 

t o   b i o a c c u m u l a t i o n   r a t h e r   t h a n   c o n t a m i n a t i o n   o f   t h e  sample  by  sediment 

a d h e r i n g   t o   t h e   t i s s u e  sample o r   c o n t a i n e d   i n   t h e   g u t   c a v i t y .  

No s i g n i f i c a n t  change was observed  between  1978  and  1981  Yoldia 

t i s s u e  samples  f rom  Hast ings A r m  and  most m e t a l   l e v e l s   i n   b o t h   y e a r s  were 

s i m i l a r  i n  value. 

The i n c r e a s e   i n   t i s s u e   c o n c e n t r a t i o n s   o b s e r v e d   i n   Y o l d i a  was no t  

apparent i n   t h e   o t h e r   s p e c i e s  sampled i n   A l i c e  Arm. In g e n e r a l ,   l e v e l s  

found i n  May-June  and October   1981  were   s im i la r   to   those  ob ta ined  dur ing  

b a s e l i n e   s t u d i e s  and d i d   n o t   d i f f e r   s u b s t a n t i a l l y   f r o m  samples c o l l e c t e d  

i n   H a s t i n g  Arm.  The 1981  sample  per iods  however,   are  wi th in a r e l a t i v e l y  

s h o r t   p e r i o d   a f t e r  mine   s ta r t -up  and t o o   e a r l y   t o   e x p e c t  any p a t t e r n   t o  

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

B i v a l v e s   a p p e a r   t o  be t h e  more s e n s i t i v e   i n d i c a t o r   s p e c i e s   i n  

A l i c e  A r m  fo r   me ta l   b ioaccumu la t i on .   Mon i to r i ng  a v a r i e t y   o f   s p e c i e s   i n  

A l i c e  A r m  h o w e v e r ,   s h o u l d   c o n t i n u e   u n t i l   t h e r e   i s   s u f f i c i e n t   d a t a  

a v a i l a b l e   t o   e s t a b l i s h   d e f i n i t e   t r e n d s  and t o   i n v e s t i g a t e   t h e   l o n g e r   t e r m  

aspec ts   o f   meta l   b ioaccumula t ion .  

Pursuant t o   t h e  AATDR and t h e   p r o v i n c i a l   p o l l u t i o n   c o n t r o l   p e r m i t  

(PE-4335) Amax o f  Canada L t d .   c a r r i e s   o u t  an annua l   mon i to r i ng   p rog ram  to  

d e t e r m i n e   t i s s u e   m e t a l   l e v e l s   i n   A l i c e  Arm. Spec ies   se lec ted   a re   My t i l us  

e d u l i s ,   C l i n o c a r i u m   n u t t a l i i ,  ” Yoldia   th rac iae formis ,   Panda lus   borea l i s ,  
Lyopse t ta  e x i l i s  and Hippoglossoides elassodon. In t h e i r  Annual r e p o r t  

c o v e r i n g   t h e   f i r s t   p r o d u c t i o n   y e a r ,   t h e y   r e p o r t  no e v i d e n c e   o f   s i g n i f i c a n t  

change i n  m e t a l   c o n c e n t r a t i o n   i n  all spec ies   bu t   Yo ld ia   t h rac iae fo rm is  

(Amax, 1 9 8 1 ) .   S l i g h t l y   h i g h e r   l e v e l s   w e r e   n o t e d   i n   Y o l d i a   b u t  were 

cons ide red   i nconc lus i ve  because o f  s m a l l  sample s i z e ,   s u s c e p t i b i l i t y   t o  

s e d i m e n t   c o n t a m i n a t i o n   a n d   r e s u l t a n t   a n a l y t i c a l   d i f f i c u l t i e s .  
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APPENDIX 1: Sediment  Sampl ing  Stat ions  Coordinates and  Depths - A l i c e  

Arm,  Has t ings  A r m  - October  1981 

Stat ion  Coord inates  Depth  Core  Length 

" "_ (m) (cm) - 

B6 

B2 

M9 

L10 

Q20 
032 

M49 

V64 

068 

A12 
A15 

H4 

HZ 

H 1  

55"  28.20 ' N  

28.20'N 

27.10'N 

27.20 ' N  

26.70 ' N  

26.90 ' N  

27.10'N 

26.2'N 

25.6 ' N  

24.7'N 
24.6'N 

23.5'N 

28.87 'N 
35.50'N 

129" 29.40 W 

28.70'W 

29.90'W 

30.08'W 

31.84 ' W  
33.95'W 

36.95'W 

35.55'W 

40.30'W 

40.60'W 
48.6 ' W  

45.8 ' W  

45.5 ' W  

47.50'W 

82 

78 

69 

164 

164 

164 

275 

36 9 

369 

390 

66 

197 

80 
52 

137 

308 

147 

100 

grab 

grab 

129 

grab 

grab 

127 

130 

grab 
175 

grab 

33 

133 
99 

125 

137 

70 
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APPENDIX 2: Sediment  Standard  Reference  Mater ia ls - 
EPS Labora tory   Resu l ts  
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Appendix 2 

Sediment Standard Reference Materials - EPS Laboratory Results 

For - Cd, Cu,  Pb, Zn (6 month  period). 

BCSS-1 Marine  Sediment 

Certified Lab. Serv. x No. o f  
Value  (Mg/g) Value (Mg/g) Variation values 

Cd 0.25 + .04 0.5 11 
Cu 18.5 T 2.7 17.5 + 1.9 11% 11 
Pb 22.7 T 3.4 20.4 T 2.0 10% 11 
Zn 119 - +-IZ 102 - +-4 4% 11 

MESS - 1 Marine  Sediment 

Cd 0.59 . t -  -10 -72 + .12 17%  6* 
Cu 25.1 'i 3.8 26.1-+ 3.1 12%  12 
Pb 34.0 T 6.1 38.7 T 2.3 8% 12 
Zn 191 - +-17 174 - +-7 4% 12 

NBS - 1645 R i v e r  Sediment1 

Cd 10.2 + 1.5 8.0 + 2.1 26% 11 

Pb 714 T 28 636 7 51 8% 12 
Zn 1720-+ - 169 1670-+ - 96 8% 12 

cu 109 +-19 120 T 12 10% 12 

Deviation X Deviation 
from from 
Certified Certified 
Value Value 

- - 
- 1  - 5.4 x - 2.3 - 10 x - 17 - 14 X 

+ 1.3 + 22% 
+ 1  + 3.9% - 5.3 - 16% - 17 - 8.9% 

- 2.2 - 22% 
+ 11 + 10% - 78 - 11% - 50 - 2.9% 

* Detection Limit lowered - only 6 values for new limit. 

Note: 1. Certified values are to t a l .  Lab. Serv. values  are strong acid 
leach and should be w i t h i n  or less t h a n  certified range. 

2. The quantity of element leached depends on the geochemistry and 
the sample w i  11 vary from sample t o  sample. 

1 BCSS-1 and MESS 1 obtained from the National Research Council  of  Canada, 

2 1645 River Sediment obtained from U.S. Department  of Commerce, National 

Division o f  Chemistry, Marine Analytical Chemistry Standards Program. 

Bureau of Standards. 
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APPENDIX 3 - I n t e r l a b o r a t o r y   A n a l y s i s  o f  S p l i t  Sediment 

Samples c o l l e c t e d  by  Dobrocky  Seatech  Ltd. 

i n   A l i c e  Arm, August 1981 
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APPENDIX 4: Ot te r   T rawl   Coord ina tes  and Depths, A t  i c e  A r m  and 

Hast ings  Arm, May-June  and October 1981 



APPENDIX 4: OTTER TRAWL COORDINATES AND DEPTHS, ALICE ARM AND HASTINGS ARM, 

MAY-JUNE AND OCTOBER 1981 

DATE DEPTH LATITUDE LONGITUDE 
(metres)  

TRAWL 
NO. 

A-  1 May-June & 

October  1981 

s t a r t :  235 

f i n i s h :  182 

55O26.72'N 

55"26.83'N 

129O31.95'W 

129"30.33'W 

A-2 

A-3 

H- 1 

H-2 

H-5 

June & 

October  1981 

s t a r t :  355 

f i n i s h :  362 

129'36.86'W 

129O35.05 ' W 

June & 

October  1981 

s t a r t :  55 

f i n i s h :   9 1  

55O25.11'N 

55'24.09'N 

129'40.58'W 

129"41.08'W 

June & 

October  1981 

s t a r t :  265 

f i n i s h :  247 

129O47.68'W 

129O47.78 ' W 

October  1981 s t a r t :  307 
f i n i s h ;  293 

55O28.91 ' N  
55"29.19'N 

129'45.49'W 
129O45.89'W 

June  1981 s t a r t :  46 

f i n i s h :   8 1  

55"22.82'N 

55'23.64'N 

129O47.65'W 

129O46.63'W 

54O42.48'N 

54O42.26 ' N 

Sommervi 1 1 e June  1981 

I s .  
\ 

s t a r t :  50 

f i n i s h :  50 
130°16.69'W 

130°17.74'W 
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APPENDIX 5: I n t e r t i d a l   S a m p l i n g   S t a t i o n   C o o r d i n a t e s  - A l i c e  A r m  

ana Has t ings  Arm, May-June  and October 1981 
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APPENDIX 5: INTERTIDAL  SAMPLING  STATION  COORDINATES - A L I C E  ARM AND 

HASTINGS ARM - MAY-JUNE 1981. 

S T A T I O N  SPEC I ES L A T I  TUDE  LONG I TUDE 

OUTF.  BAY 

OUTFALL B. 

H-2-W 

H - 2 - E  

H y a s   l y r a t u s  55" 2 6 . 7 4 ' N  129" 29 .65 'W 

M y t i  1 us edul  i s  55" 2 6 . 7 4 ' N   1 2 9 "   2 9 . 6 5 ' W  

Myti 1 u s   e d u l  i s  55" 2 8 . 3 4 ' N  129" 45 .95 'W 

M y t i  1 us e d u l  i s  55" 2 8 . 4 2 ' N  129" 43.70 'W 

DOBEN I S .  E. M y t i  1 us e d u l  i s  55" 2 7 . 9 3 ' N  129" 4 5 . 7 2 ' W  
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APPENDIX  6A - T issue  S tandard   Reference  Mater ia ls  - EPS 

Labora to ry   Resu l t s .  

68 - T issue  Trace  Meta l   Ana lys is  - 
In te r labora tory   Compar isons .  
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APPENDIX 6A: T ISSUE STANDARD REFERENCE MATERIALS - 
EPS LABORATORY  RESULTS -.-_I ”” 

” Elements NBS 1577 - Bov ine   L i ve r  
“”____ 

(1978-1982 D a t a )  

( ICAP) C e r t i f i e d   ( u g / g   d r y )  Found 

As 

Cd 

Cr 

Mn 

Mo 

cu 

Zn 
Fe 

Mg 

0.053 - + 0.01 

0.27 ” + 0.04 

0.65 - + 0.73 

10.3 ” + 1.0 

3.1 + 0.5 

193 t 10 

130 t 10 

270 t 20 

587 ” + 20 (605) 

” 

- 

I 

” 

L 2. 

0.31 - + 0.05 

0.60 ” + 0.14 

9.59 ”. + 0.31 

3.48 + 0.16 

195 + 10 

137 + 6 

255 + 8 

590 + 29 

- 
” 

- 

- 

- 

(Graphi te   Furnace)  

Pb 0.34 ” + 0.08  0.43 - + 0.02 

NBS 1566 - Oyster   T issue 
“- 

(1979-1982 D a t a )  

C e r t i f i e d   ( u g / g   d r y )  Found 

13.4 - + 1.9  12.1 + 1.3 - 
3.5 - + 0.4 

0.65 -. + 0.27 

17.5 - + 1.2 

(L0.2) 
63.0 - +- 3.5 

852 + 14 

195 + 34 

0.128 + 0.009 

” 

” 

” 

3.6 t 0.3 

0.79 - t 0.15 
- 

16.3 + 1.2 

0.2 - 4- 0.1 

65.5 t 4.1 

857 t 46 

162 + 9 

” 

- 

0.118 + 0.00 
” 

” 

0.48 ” + 0.04 0.45 - t 0.03 
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APPENDIX  6B:  TISSUE - TRACE METAL ANALYSIS - ”””” INTERLABORATORY COMPARISONS* 

As  Cd - ” 

Chi  nocard i  unl 
“” - - 

Seatech 

Lab P2 
EPS Lab 

Lyopse t ta  ”_ 

Seatech 

Lab # 2  

EPS Lab 

Myti 1 us 

Seatech 

Lab #2 
EPS Lab 

Panda1 us 
Seatech 

Lab P 2  
EPS Lab 

4.25(  .91) 0.46(  .07) 
5.58( .49) 0.38(  .14) 
5 0.7(  .14) 

33.3(2.75) L0.25 

37.9(1.41) L0.05 

43 (4 1 LO.1 

6.84(2.83) 3.98(  .07) 
8.01(  .29) 3.22(  .50) 
7 3.9( .38) 

37.8(5.34) 0.27(.07) 
36.0(1.37) 0.28(  .07) 

4 W )  0.2( .14) 

” cu Mo Pb  Zn - - ” . 

3.82( .7) L 5  L 0.07 67.9( .17) 

2.42(.08) L 2 0.72(  .26) 7541.37) 
3.4(.72) 0.2(.04) L 0.05 79.8(8.6) 

1.49(0.01) L 5 L 0.07 22.7(9.24) 
0.97(0.20) L 2 3.3(.63) 27.2(1.62) 
1.7(1.2) L 0.2 0.31( .34) 31.1(26.9) 

10.3(  .67) L 5  0.31( .2) 84.7(3.45) 
7.88(.14) L 2 6.2(  .72) 88.7(3.99) 
10.3(.43) 1.0(.14) 1.41(1.30 92.3(6.4) 

20.4(  .32) L 5  L 0.07 47.2(2.43) 
20.2(1.23) L 2 1.55(.57) 64.7(4.70) 
22.1(.5) L 0.2 L 0.05 54.4(2.8) 

__ ”” - ”” ”_ 

* Taken from Amax 1981 
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APPENDIX 7: Sediment  Trace  Metal  Analysis  Alice Arm 

October 1981 
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APPENDIX 8: TRAWL COORDINATES AND DEPTHS, ALICE ARM AND HASTINGS ARM, 
MAY-JUNE AND OCTOBER 1981 

TRAWL DATE 
NO. 

DEPTH LATI TUDE  LONG I TUDE 
(met r e s )  

A - 1  

A-2 

A-3 

H - 1  

H-5 

A -  1 

A-2 

A-3 

H- 1 

H-2 

May 31, June 1, 2, 3 

June 2, 3 

June 3 

June 1 

June 3 

October 24,25,26 

October 24,25,26 

October 25 

October  24,  25 

October 24,25,26 

S t  a r t  : 
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

S t a r t :  
F i n i s h :  

235 
182 

355 
36 2 

55 
91 

26 5 
24 7 

46 
81  

128 
236 

355 
36 2 

55 
91 

265 
245 

307 
293 

55'26.72 'N 
26.83 'N 

27.10'N 
27.00'N 

25.11'N 
24.09 'N 

33.82 ' N  
34.82 ' N  

22.82'N 
23.64'N 

26.72'N 
26.83 ' N  

27.10 'N  
27 .OO ' N  

25.11'N 
24.09'N 

33.82'N 
34.82 ' N  

28.91 ' N  
29.91 ' N  

129'31.95'W 
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APPENDIX 9: Mean Tissue  Trace  Meta l   Concentrat ions (mg/kg dry we igh t )  

By Spec ies ,   A l i ce  A r m  and Hast ings  Arm, May-June 1981 
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APPENDIX 10: Mean Tissue  Trace  Metal   Concentrat ions  (mg/kg dry weight )  

By Spec ies ,   A l i ce  A r m  and Hast ings  Arm, October 1981 
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APPENDIX 11: Tissue  Trace  Metal   Concentrat ions  (mg/kg dry we igh t ) ,  

A l i c e  A r m  and Hast ings  Arm, May-June 1981 
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Registration 
SOR/79-345 10 April, 1979 

FISHERIES  ACT 

Alice Arm Tailings  Deposit  Regulations 

P.C. 1979-1 I I2 4 April, 1979 

His Excellency the Governor General in Council, on the 
recommendation of the Minister of Fisheries and  the Environ- 
ment, pursuant to subsections 33( 12)  and (1  3) and 33.1 (3) of 
the Fisheries Act, is pleased hereby to make the annexed 
Regulations respecting the  authorization to deposit deleterious 
substances in  mill  process effluent from the operation of the 
Kitsault Mine into the waters of Alice Arm, British Columbia. 

REGULATIONS  RESPECTING  THE 
AUTHORIZATION  TO  DEPOSIT  DELETERIOUS 

SUBSTANCES IN MILL  PROCESS  EFFLUENT  FROM 
THE  OPERATION OF THE  KITSAULT  MINE  INTO 

THE  WATERS OF ALICE  ARM,  BRITISH  COLUMBIA 

Short Title 

1. These Regulations may be cited as  the Alice Arm Tail- 
ings Deposit Regulations. 

Interpretation 

2. ( I )  In these Regulations, 
“Act” means the Fisheries Act; 
“Kitsault Mine” means the mine located within the aggregate 

of the  areas, all situated in the Sketna Mining Division, 
Cassiar Land District, in the Province of British Columbia, 
to which Mineral Leases Numbers M 157 to M 191 inclu- 
sive (dated February 23,  1967 and issued by the Minister of 
Petroleum Resources of the Province of British Columbia) 
apply. 
(2) In these Regulations, the following  words and expres- 

( a )  “composite sample”, 
( b )  “deposit”. 
(c)  “final discharge point”, 
(d) “mill process effluent”, 
( e )  “mine”, 
v) “Minister”. and 
(g )  “total suspended matter”, 

sions, namely, 

have the meanings assigned to those words and expressions in 
the Metal Mining  Liquid  Effluent Regulations. 

[I1 

Enregistrement 
DORS/79-‘345 10 avril 1979 

LO1 SUR LES PeCHERlEs 

R2glement sur les rejets  de steriles dam  le bras 
Alice 

C.P. 1979- 1 I I2 4 avril 1979 

Sur avis conforme du ministre des Piches  et de I’Environne- 
ment et en vertu des paragraphes 33( 12) et  (13)  et 33.1(3) de 
la  Loi sur I e s  p&heries, il plait A Son Excellence IC Gouverneur 
gtntral en conseil d’bablir le Rtglement  autorisant IC rejet 
dans Ies eaux du bras Alice d’effluents des installations de 
prbparation du minerai de la mine Kitsault, en Colombie-Bri- 
tannique, et des substances nocives  qu’ils contiennent, ci-aprts. 

RBGLEMENT  AUTORISANT LE REJET  DANS  LES 
EAUX DU BRAS ALICE  D’EFFLUENTS  DES 

INSTALLATIONS DE PRfiPARATlON DU MINERAI 
DE LA MINE KITSAULT,  EN 

NOCIVES QU’ILS CONTIENNENT 
COLOMBIE-BRITANNIQUE, ET  DES SUBSTANCES 

Titre abrkgi 

1. Le prtsent  rtglement peut itre  citt sous IC titre: Rsgle- 
ment sur les rejets de stiriles dans le bras Alice. 

Difinitions 

2. ( I )  Dans le prisent r&glement, 
.Loin dtsigne la Loi  sur les p&heries; 
amine Kitsauk. dtsigne la mine situ& sur l e s  concessions 

minibres na M 157 A M 191 inclusivement, ( d a t h  du 23 
ftvrier 1967 et Cmises par le ministre des Ressourccs p6tro- 
litres  de la Colombie-Britannique), toutes situ& dans la 
Division minibre de  Sketna du district de Cassiar, en 
Colombie-Britannique. 

(2) Dans IC prbcnt rtglement, l e s  termes et expressions 
a) a&hantillon composite., 
b) arejeter., 
c)  apoint de rejet final., 
d) aeffluents des installations de prtparation du minerai., 
e )  amine., 
f) aMinistre.. et 
g) amatitre totale en  suspension. 

ont le scns qui leur est attribui dans IC RGglemcnt sur les 
effluents liquides des mines de mCtaux. 
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Application 

3. ( I )  These Regulations apply to thc deposit of  mill  process 
effluent emanating from the operation of the Kitsault Mine 
into the watcrs of Alicc Arm. British Columbia. 

(2) The Meral  Mining Liquid Efflumt Regulations do not 
apply to the deposit of mill process cffluent emanating from 
the operation of the Kitsault Mine into the waters of Alice 
Arm, British Columbia. 

Substances  Prescribed  as Deleterious Substances 

4. For the purpose of paragraph ( c )  of the definition 
“deleterious substance” in subsection 33( 1 1 )  of the Act, the 
following substances contained in mill  process effluent from 
the operations or processes of the Kitsault Mine are hereby 
prescribed as deleterious substances: 

( a )  arsenic; 

(c )  lead; 
(6) nickel; 
(e )  zinc; 
U, total suspended matter; 
(g) radium 226; and 
( h )  cadmium. 

(b)  copper; 

Authorization 

5 .  Subject to the conditions set out in sections 6 to IO. the 
opcrator of the Kitsault Mine is hereby authorized to deposit 
into the waters of Alice h.-m total suspended matter in any 
concentration contained in mill  process effluent and the 
deleterious substances prescribed by paragraphs 4(a) to (e )  
and 4(g) and ( h )  contained in mill process effluent, if 

(u )  the deposit is made in such a manner that the solid 
portion of the tailings from the mill  process effluent does not 
pass west  of a north-south line at 129O39’45“ west longitude 
that runs through the vicinity of Hans Point, British Colum- 
bia; and 
(b)  the solid portion of the tailings from the mill  process 
effluent is  not deposited on 

(i) the bed of any part of the estuaries of the Illiance 
River or the Kitsault River, or 
(ii) the bed  of Alice Arm at any place that is  less than 
1 0 0  rn below mean sea level, except as provided in section 
7. 

De-aeration and Treatment 

6 .  ( I )  The mill process effluent shall be de-aerated and 
otherwise treated prior to being deposited into the waters of 
Alice Arm to prevent  solid tailings particles contained therein 
from moving upward from the final discharge point of any 
outfall structure. 

(2) Except as provided in section 7. the deposit of  mill 
process effluent shall be made in such a manner that solid 
tailings particles do not remain in suspension in the waters of 
Alice Arm above a  depth of I 0 0  m (mean sea  level). 

Application 

3. ( I )  Le prtsent  rtglement s’applique au rejet dans le bras 
Alice d’effluents des installations de prtparation du  rninerai de 
l a  minc Kitsault, en Colombie-Britannique. 

(2) LC Rigglenrent sur les  effluents  liquides  des  mines  de 
miruux ne s’applique pas au rejet dans IC bras Alice  d’ef- 
fluents des installations de prkparation du minerai de la mine 
Kitsault, en Colombie-Britannique. 

Substances  de‘claries  nocives 

4. Aux fins de I’alinCa c) de la dtfinition de .substance 
nocivem, au paragraphe 33( 1 1 )  de la Loi, sont dtclartes nocives 
les substances suivantes contenues dans les effluents des instal- 
lations de prtparation du minerai provenant des opkrations ou 
des procats de la  mine Kitsault: 

u) I’arsenic; 
b)  le cuivre; 
c) le  plomb; 
d) le nickel; 
e) le zinc; 
1) les matibres totales en suspension; 
g) le radium 226; et 
h )  le cadmium. 

Autorisation 

5 .  Sous rtserve des conditions vistes aux articles 6 i IO, 
I’exploitant de la mine Kitsault est autorisk i rejeter les 
effluents des installations de priparation du  rninerai dans le 
bras Alice, peu importe leur concentration en matitres totales 
en suspension, ainsi que Ies substances nocives prescrites aux 
alinkas 4a) i e) et 4g) et h )  

a )  si ces rejets sont effectub  de manibre que la fraction 
solide des sttriles de ces  effluents ne franchit pas  vers I’ouest 
la ligne t rade  dans le sens nord-sud A la longitude 
129°39’45”0, dans le voisinage de la pointe Hans, en 
Colombie-Britannique; et 
b) si cette fraction solide des stkriles n’cst pas rejetie 

(i) sur le  fond de I’estuaire des rivitres Illiance ou Kit- 
sault, ou 
(ii)  sur le  fond du bras Alice partout 03 il est i moins de 
1 0 0  m sous le niveau  moyen de la mer, sauf dans les cas 
privus A I’article 7. 

Dksakration et traitement 

6. ( I )  Les effluents des installations de prtparation du 
minerai doivent  Etre dba t r t s  ou autrement traitb avant leur 
rejet dans le bras Alice, pour empicher Ics particules solides de 
stiriles qu’ils contiennent de remonter vers le point de rejet 
final des exutoires. 

(2) Sauf dans les cas prtvus B I’article 7, le rejet des 
effluents des installations de prtparation du minerai doit se 
faire de manibre que les particules solides de stCriles  ne restent 
pas  en  suspension dans le bras A l i a  B moins de 1 0 0  m sous le 
niveau  moyen de la mer. 

I21 
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Outfall Structure 

7. ( I )  Subject to the terms of an order of the Minister 
referred to in subsection (2). the final discharge point of any 
outfall structure for the deposit of mill process effluent from 
the Kitsault Mine shall be not less than 50 m below mean sea 
level. 

(2) Where the Minister has evidence that  the deposit of  mill 
process effluent is not made in accordance with subparagraph 
5(6)(ii) or subsection 6(2), the Minister may, by an order 
made under subsection 33.1 (2) of the Act, require the operator 
of the  Kitsault Mine to extend the final discharge point of any 
outfall structure to a  depth between 50 and 100 m below mean 
sca level. 

(3) Solid tailings particles may 
( a )  be deposited on that portion of the bcd of Alice Arm in 
the vicinity of the final discharge point of the outfall struc- 
ture where the bed  is at a  depth of less than 100 m but more 
than 50 m below mean sea  level; and 
(b) be suspended in the waters of Alice Arm in the vicinity 
of the final discharge point of the outfall structure where the 
water is less than 100 m deep but more than 50 m deep 
(mean sea level). 
(4) Where the Minister has made an order referred to in 

subsection (2) that requires the final discharge point of any 
outfall structure to extend to a depth greater  than 50 m below 
mean sea level, the reference to 50 m below  mean sea level  in 
paragraphs (3) (a)  and (b )  shall be deemed to be references to 
the depth specified in the order. 

Solid Portion of Mill Process  Effluent 

8. The mill process effluent shall not be deposited into the 

( a )  the solid portion of the mill process effluent originates 
from ore mined from the Kitsault Mine; and 
(b)  the solid portion of  mill  process effluent deposited since 
the date of the coming into force of these Regulations does 
not ex&  in weight l O O , O O O . O 0 O  t. 

waters of Alice Arm unless 

Liquid  Portion of Mill  Process  Effluent 

9. ( I )  The mill  process effluent shall not be deposited into 
the waters of Alicc Arm unless, before any dilution of the 
liquid portion of the mill  process effluent after it leaves the 
mill, 

( a )  the liquid portion of the mill proccss effluent passes the 
acute lethality test for fish. described in the schedule. and 
(6) the monthly arithmetic mean of the dissolved concentra- 
tion of any deleterious substance prescribed by section 4 
contained in  the liquid portion of the mill process effluent, 
listed in column I of an item of the table to this section, is 
less than the concentration sct out in column 11 of that item 
and  the daily dissolved concentration of the  substance moni- 
tored in accordance with subsection (2) is l e s s  than  the 
concentration, set out in column 111 of that item, 

using composite samples. 

Exutoires 

7. ( I )  Sous riserve des conditions de I’ordonnance du Minis- 
tre vis& au paragraphe (2). IC point de rejet final dcs exutoires 
pour IC rejet des effluents des installations de prtparation du 
minerai de la mine Kitsault doit Etre B au moins 50 m sous  le 
niveau  moyen de la mer. 

(2) Lorsque le Ministre  a la preuve que le rejet des effluents 
des installations de prtparation du minerai ne se conforme pas 
au  sous-alink 5b)(ii) ou au paragraphe 6(2), il peut, au 
moyen  d’une ordonnance dk r t t&  en vertu du paragraphe 
33.1(2) de la h i ,  exiger de I’exploitant de la mine Kitsault la 
relocalisation de tout point de rejet final de I’exutoire B une 
profondcur variant entre 50 et 100 m sous le niveau  moyen de 
la mer. 

(3) Lcs particules solides de  sttriles peuvent 
a)  &re  rejetks sur la partie  du fond du  bras Alice, dans !e 
voisinage du point de rejet final de I’exutoire. si IC fond se 
trouve B plus de 50 et B moins de 1 0 0  m sous le  niveau 
moyen de la mer; et 
b) rester en suspension dans IC bras Alice, dans le  voisinage 
du point de rejet final de l’exutoire, B une profondeur 
variant entre 50 et 100 m sous le niveau  moyen de la mer. 

(4) Lorsque le Ministre a rendu I’ordonnance viste au 
paragraphe (2) qui exige la relocalisation du point de rejet 
final de I’exutoire B une profondeur de plus de 50 m sous le 
niveau  moyen de la mer, cette profondeur est censte viser  la 
limite de 50 m paraissant aux alintas (3)a) et  b). 

Fraction solide des effluents des installations de priparation 
du minerai 

8. Les effluents des installations de prtparation du minerai 

a)  si leur fraction solide provient de minerais extraits de la 
mine Kitsault; et 
6) jusqu’i ce que leur fraction solide reprbente 1 O O , O O O , O O O  
t depuis la date d’entr& en vigueur du prQent r2glement. 

ne  peuvent &re rejetts dans le bras Alice que 

Fraction liquide des effluents des installations de priparation 
du  minerai 

9. ( I )  Les effluents des installations de prtparation du 
minerai peuvent &re rejetts dans le bras Alice si des examens 
d’tchantillons composites ttablissent que la fraction liquide de 
ces effluents, avant sa dilution A la sortie des installations 

a)  satisfait au  contrde  de IitalitC aiguc pour l e s  poissons, 
dkr i t  en annexe; et 
6) si l e s  moyennes arithmttiques mensuelies de la concentra- 
tion des substances vistcs B I’article 4. contenues dans  cette 
fraction liquide et  figurant au tableau du p r h n t  article sont 
moindres que ce l l e s  vistcs B la colonne 11, et si la concentra- 
tion journalitre dissoute des substances contr8lk  conformb 
ment au paragraphe (2) est inftrieure a cel les  visits A la 
colonne 111. 
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(2) The daily dissolved concentration referred to in para- 
graph ( I ) ( b )  shall be monitored at the intervals and in the 
manner directed in writing by the Minister pursuant to s u b -  
tion 33( 14) of the Act. 

TABLE 

Cdumn I Column I I  Cdumn 111 

Monthly 
Arithmetic 
Mean Daily 

Item S u b u n a  Conantration  Gmccntration 
~~ 

I .  arsenic 0.40 mg/P 0.M) mp/P 
2. copper 0.0s mg/P 0.10 mg/P 
3. l a d  0.0s mg/P 
4. nickel 0.20 m J P  

0. IO m p / P  
0.4 mglP 

5. zinc 0.10 mg/P 
6. radium 226 10.0 p Ci/P 

0.20 mg/P 

7. cadmium 0.01 mg/Q 0.02 mg/P 
20.0 p Ci/P 

Recovery of Lead, Zinc. or Cadmium 

10. Prior to and  during  the operation of the Kitsault Mine, 
the  operator thereof shall, through research, work diligently 
toward the development of methods to recover and, if it is 
practical to do so, shall r m v e r  lead, zinc and cadmium from 
the tailings for sale as concentrates or for disposal on land as 
separate tailings. 

SCHEDULE 

(2) La concentration journalitre dissoute vis& B I'alinta 
( I ) b )  doit ttre contrblte  aux intervalles et de la manitre 
ordonnts par k r i t  par le Ministre conformtment au paragra- 
phe 33( 14) de la  Loi. 

TABLEAU 

cdonnc 1 Cdonnc II Coionne 111 

arithdtique 
M o p n c  

Article Subumx 
mcnruelk de 
la concentration jcurnaliCrc 

Conantration 

I. Arsenic 0.40 mg/P 
2. Cuivre 0.05 mg/P 

0.60 mg/P 

3. P l m b  
0.10 mg/P 

4. Nickel 
0.05 mg/P O.lOmgiP 
0.02 mg/P 0.04 m g i P  

5. Zinc 0 IO mg/P 
6.  

0.20 mg/P 
Radium 226 10.0 p CI/P 

7. Cadmium 
20.0 p CI/P 

0.01 mJt 0.02 mg/P 

Ricupiration  du  plomb.  du zinc ou du cadmium 

10. Avant et pendant I'exploitation de la mine Kitsault, 
I'exploitant doit diligemment entreprendre la recherche ntccs- 
saire B la mise au point de mtthodes de  rbuphation du plomb, 
du zinc et  du cadmium partir  des sttrilcs  et, si possible,  les 
appliquer, afin de vendre cts mktaux sous forme de conccntrts 
ou de l e s  tpandre  stpartment sur le sol, sous forme de  sttrilcs 
distincts. 

ANNEXE 

THE  MEASUREMENT  OF ACUTE LETHALITY IN THE  LIQUID  CONTROLE DE LA LETALITE AlGUE DE LA FRACTION  LIQUIDE 
PORTION OF MILL PROCESS EFFLUENT DES EFFLUENTS  DES  INSTALLATIONS  DE PREPARATION DU 

MlNERAl 

I .  ( I )  For the purposes of this schedule, the applicable 1. (1) Aux fins de la prtsente annexe. les  parties applicables 
portions of section 231 of the publication Standard Methods de la section 231 du recueil .Standard Methods for the Exami- 
for the Examination of Water  and Wastewater, 13th edition nation of Water and Wastewater., 13a tdition (1971), publitc 
(1971), published jointly by the American Public Health conjointement par I'American Public Health Association, 
Association, American Water Works Association and  the I'American Water W o r b  Association et la Water Pollution 
Water Pollution Control Federation shall be used as  a basis for Control Federation Servant de fondement opCratoirc au prtsent 
this test procedure except as otherwise provided in this contr8le. sous r k r v e  des dispositions de la p r k n t e  annexe. 
schedule. 

(2)  The bioassay sample shall be the liquid portion of a (2) L'khantillon soumis au contrble biologique doit Etre la 
composite sample. fraction liquide d'un tchantillon composite. 

(3) When the bioassay sample is transported or stored, the (3) L'khantillon soumis au contrble biologique qui est 
sample shall be kept in filled, scald containers excluding any transport6 ou entrepost, doit etre conservt dans des contenants 
air. hermttiques, rtmplis  de  manitre B exclure toute trace d'air. 

(4) The sample shall not be aerated  during  storage  and  shall (4) L'bchantillon ne doit pas entrer au contact de I'air 
not be held more than five days prior to the commencement of pendant I'entreposage et ne doit pas  ttre conservt plus de cinq 
this test p r d u r e .  jours avant  le d6but des contrblts. 

(5) Rainbow trout (Salmo gairdturi Richardson) shall be (5) L'esp&e utili& dam le contrble doit &re la truite 
used as  the test species of fish. arc-en-ciel (Salmo gairdneri Richardson). 

shall be used as test fish. santt doivent etre utili& pour IC contr6k. 
(6) Only healthy stocks of fish acclimated to fresh water (6 )  Scules des  truites acclimatk A I 'au deuce et en bonnc 
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(7) Individual test fish shall weigh between 0.5 and IO g and 
the length of the largest fish in a test vesscl shall not be more 
than two times the length of the smallest fish in the same test 
vessel. 

(8) A minimum of five test fish shall be exposed to a 100% 
concentration of the bioassay sample for a period of 96 hours 
and an equal number of control fish shall be exposed to control 
water during that period. 

( 9 )  The test is rendered invalid if more than 10% of the fish 
in the control water die. 

(10) For every one g of fish, there shall be at least one P of 
bioassay sample or control water for every 24 hours that the 
fish are exposcd to the sample or control water. 

(I 1 )  The water depth in any test vessel shall not be less than 
I5 cm. 

(12) Immediately prior to  the commencement of this test 
procedure, the pH of the bioassay sample shall be measured 
and if it is outside the  pH range of 6.5 to 7.5, the  pH shall be 
adjusted to 7.0 f 0.5. 

(13) if the dissolved  oxygen concentration of the bioassay 
sample is  less than 7 mg per litre, the sample shall be aerated, 
prior to the commencement of this procedure test, for  not more 
than two hours at a rate of 5.0 to 7.5 cc of air per minute per 
litre. 

(14) An aeration rate of 5.0 to 7.5 cc per minute per litre 
shall be applied to the bioassay sample and control water. 
throughout  the  duration of the test. 

( 1  5 )  The  temperature of the bioassay sample and the control 
water shall be 15 f 1 “C throughout the  duration of the test. 

(16)  The total number of dead fish shall be counted after 96 
hours or at the termination of the test and dead fish shall be 
removed at least once each day. 

(17) I f  a sample of incoming water to the mine kills 10% or 
more of the fish  placed in the sample during a 96 hour  period 
when tested in accordance with the test procedure contained in 
this schedule, the bioassay sample is invalid. 

2. A bioassay sample passes the acute lethality test if not 
more than 50% of the fish die when tested in accordance with 
the test procedure set out in section 1 of this schedule. 

(7) Les poissons servant au contrble doivent peser entre 0.5 
et IO g. et,  dans un rtcipient donnt, la longueur du plus gros 
poisson  ne doit pas Ctre plus du double de celle du plus petit 
poisson. 

(8) Au moins  cinq  poissons  doivent Stjourner pendant 96 h 
dans I’tchantillon soumis au contr8le biologique.  Les ttmoins. 
en nombre tgal, B ceux qui servent au contr8le. doivent rester 
dans le  milieu ttmoin pendant le mtme nombre d’heures. 

( 9 )  Le contrble est nul si plus de 10% des poissons ttmoins 
meurent. 

(10) La proportion B observer est de 1 P d’tchantillon soumis 
au contr8le biologique ou de 1 P de milieu ttmoin par gramme 
de poisson et par pkriode de 24 h. 

(1 1) La profondcur de I’cau dans les r&ipicnts utilists doit 
ttre d’au  moins 15 cm. 

(12) On doit mesurer IC pH de I’Cchantillon soumis au 
contrble biologique immkdiatement avant le dtbut du contrble. 
Si le pH est inftricur B 6.5 ou supkricur B 7.5, on doit I’ajuster 
B 7.0 avcc un  &art 0.5. 

(13) Si la teneur en oxygtne dissous dans I’khantillon 
soumis au contrble biologique est inftrieure B 7 mg/t,  cet 
&chantillon doit i tre  atrt ,  avant I t  dtbut du contrble, pendant 
une  pkriode ne dtpassant pas 2 h, B raison de 5.0 A 7.5 
cmy/min/P d‘air. 

(14) On doit atrer I’tchantillon soumis au contrble biologi- 
que  et IC milieu ttmoin B raison de 5.0 a 7.5 cmy/min/t 
pendant toute la durte du contrble. 

( I S )  On doit s’assurer que la tempkraturt de I’tchantillon 
soumis au contrble biologique et du milieu ttmoin restent B 15 
avtc un &art de 1 C pendant toute la dur& du contrble. 

(16)  On doit noter IC nombre total de poissons morts aprts 
96 h, ou ii la fin du contrble. On doit retirer l e s  poissons morts 
au moins une fois par jour. 

(17) Si au moins 10% des poissons meurent dans un tchan- 
tillon des eauK d’alimentation de la mine au cours d’un con- 
trble de 96 h, conforme B la prtsente mtthode, on doit rejeter 
I’khantillon soumis au contrble biologique. 

2. L’tchantillon soumis au contrble biologique satisfait au 
contr6le de  lttalitt aiguc rklist  selon  I’article 1 de la prbsente 
annexe si la mortalit6 des poissons ne d6passe pas 50%. 

” ” 
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