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ABSTRACT 

A s e r i e s   o f   s t u d i e s  has  been undertaken i n  A I  i c e  Arm by the  

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 

bo t tom  t raw ls  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 s p e c i e s   d i s t r i b u t i o n .   R e l a t i v e   t o   t h e   h a x / K i t s a u l t  mine, 

Studies  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 r e   b e i n g   p r e s e n t e d   i n  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  I ,  conta ins   base l ine   da ta  on sediment and t i s s u e   t r a c e  

metal  d a t a  c o l l e c t e d  between  1976  and  1980 i n   t h e   A l i c e  A r m  area p r i o r  

t o   t h 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 ,   a l o n g   w i t h   t i s s u e  d a t a  f rom  four  

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. c o a s t ,   c o l l e c t e d   i n  1981. 

T race   me ta l   concen t ra t i ons   were   s ign i f i can t l y  above t h e   n a t u r a l  

backgroud i n  marine  sediment  surrounding  the abandoned B.C. Molybdenum 

operat ion  (1967 - 1972)  and t h e  Anyox copper  mine and smelter  (1914 and 

1936).   Tissue  t race  metal  d a t a  f rom  se lec ted   spec ies   co l lec ted  

i n t e r t i d a l  ly  and by o t t e r   t r a w l s   a r e   g i v e n   t o   e s t a b l i s h   b a s e l i n e   t i s s u e  

concent ra t ions  i n  p r e p a r a t i o n   f o r   m o n i t o r i n g   e f f e c t s   f r o m   t h e  new 

Kitsault mine  which opened i n   A p r i  I , 1981  and to determine  ev idence  o f  
metal  uptake.  Evidence of meta l   up take   in   musse ls   (Myt i   Ius   edu l   i s )  and 

a lgae  (Fucus   d is t i chus)  was determined a t  t h e  Anyox mine /smel te r   s i te .  

No ev idence  o f   meta l   uptake was observed i n   s e l e c t e d   s p e c i e s   o f  

b iva lves,   shr imp,   crab,   so le  and p o l l o c k   t a k e n   i n   A l i c e  Arm. Base l ine  

t i ssue   t race   me ta l   concen t ra t i ons   have  been g i v e n   f o r  each  species. 
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Depui s 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 ' env i  ronnement a 

proc6d6 a' une s6r ie   d '6 tudes   sur   le   b ras   A l i ce .   ces   6 tudes   on t   cons is t6  en 

l a   d 6 t e c t i o n  de m6taux a' 1 ' 6 t a t  de t r a c e s  dan  des Gchan t i l l ons  de s6diments 

e t  de t i s s u e ,  en mesures 2 l ' a i d e  du transmissiomGtre, en 1 '6 tude des 

propr i6 t6s   ch imiques  des p a r t i c u l e s  en suspension dans l a   co l l one   d 'eau ,  en 

pr616vements ii 1 ' a i d e  du c h a l u t  de fond, en 1 'observa t ion ,  2 l ' a i d e   d ' u n  

submersible, de l a   v i e  dans l es   p ro fondeurs ,  de l a   t u r b i d i t 6   e t  de l a  

@ p a r t i t i o n  des e s p k e s .   A f i n  de m ieu   ana lyse r   l es   e f fe t s   caus6s   pa r   l a  

mine  Amax/Kitsault  sur 1 'environnement, on  a 6 t a l 6  ces  etudes  sur deux 

pGriodes,  une  p6riode de r6 f6 rence   e t  une p6r iode  correspondant 2 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 i n q u   p a r t i e  
s6parGes. 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 ,  c o n t i e n t   l e s  donn6es de 

base  por tan t   sur   les  m6taux a' 1 ' 6 t a t  de t races   re lev6s   en t re  1976 e t  1980 

dans l e s   s 6 d i m e n t s   e t   l e s   t i s s u s  dans l e  b ras   A l i ce ,   avant   la   m ise  en 

e x p l o i t a t i o n  de l a  mine K i t s a u l t ,   a i n s i  que l e s  donn6es r e c u e i l l i e s  en 1981 

2 l a   s u i t e  de l ' a n a l y s e  de t i s s u s   p r 6 l e v 6 s  en quat re   po in ts   6che lonn6s  le  

l ong  de l a   c 6 t e  de l a  C.-B. 

On a r e l e v 6  des concent ra t ions  de mgtaux a l ' 6 t a t  de t r a c e s  

nettement  sup6r ieures au mil ieu  nature1  normal ,  dans les  s6diments  marins 

s i t u &  2 p rox im i t6 ,   d ' une   pa r t  des i n s t a l l a t i o n s  B.C. Molybdenum (en 

op6ra t i on   en t re  1967 e t   1 9 7 2 ) ,   d ' a u t r e   p a r t  de l a  mine de c u i v r e   e t  de l a  

fonder ie   d 'Anyox   (en t re  1914 e t   1936) .  Les  donn6es r e c u e i l l   i e s   s u r   l e s  

m6taux ii l ' 6 t a t  de t r a c e s ,   p o u r   l ' a n a l y s e   d ' i i c h a n t i l l o n s  de t i s s u  de 

certaines  espsces  aquat iques  pr6levGs dans l a  zone i n t e r t i d a l e   e t  dans l e s  

profondeurs,  2 l ' a i d e  de c h a l u t s  a' double panneau, servent  de donn6es de 

base  dans l ' 6 t u d e  des e f f e t s  caus6s  par l a   m i s e  en e x p l o i t a t i o n ,  ii p a r t i r  

d ' a v r i l  1981,  de l a  n o u v e l l e   m i n e   K i t s a u l t ,   e t   m e t t e n t  en Gvidence l a  

f i x a t i o n  des m6taux. On a pu m e t t r e  en 6 v i d e n c e   l a   f i x a t i o n  de m6taux  dans 

l e s  mou les   (Myt i lus  - " edul i s )   e t   l es   a lgues   (Fucus  _" " d i s t i c h u s ) ,  - - "_ 5 prox imi t i ;  de 

la   m ine / fonder ie   d 'Anyox .  Aucune f i x a t i o n  de metal n ' a  Gt6  ohserv6e  dans 

l e s  espsces  chois ies de mol lusques  b iva lves,   crevet te ,   c rabe,   so le   e t   co l in  

p r 6 l  ev6s dans l e  bras A1 ice.  Pour  chaque  expike, on  a obtenu des  donnces 

de  base s u r   l a   c o n c e n t r a t i o n  des m6taux a' l ' e t a t  de t races  dans l e s   t i s s u s .  
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"_ CONCLUSIONS 

This  segment o f   the   s tudy   descr ibes   the   t race   meta l  

concentrat ions  found  in   mar ine  sediment  and t i s s u e  samples c o l l e c t e d   i n  

t h e   v i c i n i t y   o f  two  abandoned  mining  operations - B.C. Molybdenum 

(1967-1972) i n   A l i c e  Arm and  Anyox (1914-1936) i n   H a s t i n g s  Arm. 
Comparisons  are  drawn  wi th  s imi lar   samples  taken  outside  the  ta i l ings 

d e p o s i t i o n   a r e a   i n   A l i c e  and Hast ings Arms and t i s s u e  samples c o l l e c t e d  

f rom  other   coasta l   areas.  

Sediment 
" 

1. Waste d isposal   f rom  both  operat ions has a l t e r e d   t h e   t r a c e   m e t a l  

con ten t   o f   the   sur round ing   mar ine   sed iment .   Concent ra t ions   in  

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

the   na tura l   background  leve ls  a number o f   y e a r s   a f t e r   m i n e  

c l o s u r e .   I n   A l i c e  Arm, a l though  sur face   concent ra t ions  were 

lower  than  the  deeper,  older  sediment,  natural  sediment 

d e p o s i t i o n   a f t e r   c l o s u r e  o f  t he  B.C. Molybdenum o p e r a t i o n   i n  

1972  had no t   comple te ly   covered  o r   d i lu ted   the   sed iments   w i th  

e leva ted   t race   me ta l s .   Leve ls   i n   t he   su r face   sed imen t   nea r  

Anyox remained a t  a r e l a t i v e l y   h i g h   l e v e l   t h r o u g h   t h e   c o n t i n u a l  

supp ly   o f   s lag   f rom  shore   depos i ts ,   42   years   a f te r  abandonment. 

2. I n  A l i c e  A r m  sediments,  metal  concentrat ions  showing  the 

g rea tes t   i nc rease  were  copper,  lead,  zinc, cadmium, s i l v e r  and 

molybdenum.  Near Anyox, copper,  zinc and i r o n   c o n c e n t r a t i o n s   i n  

the  sediment   were  severa l   orders  o f   magni tude  above  those  in  

A l i c e  Arm. I n  cases  where c e r t a i n   m e t a l s   a r e   n o t   p r e s e n t   i n   t h e  

t a i l i n g s   i n   s i g n i f i c a n t   q u a n t i t y ,  eg. n i c k e l  and chromium, 

t a i   l i n g s   d e p o s i t s  have  lowered  the  sediment  concentrat ion. 
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3. Ta i l i ngs   depos i t s   f rom  the  B.C. Molybdenum operat ion,   based on 

1980 surface  sediment  concentrat ion,   extena  approximately 10 km 

s e a w a r d   a l o n g   t h e   c e n t r a l   t r o u g h   o f   A l i c e  Arm. Evidence  of  

t a i l i n g s   d e p o s i t i o n   i n   t h e   d i r e c t i o n   o f   t h e   K i t s a u l t  and I l l i a n c e  

R ive r   es tua ry  was a lso  apparent .  

Tissue 

1. T i ssue   t race   me ta l   ana lys i s   o f   mos t   spec ies   se lec ted   f rom  A l i ce  

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

occur r ing   under   the   p resent   leve l   o f   exposure   to   sed iment   t race  

-metals.  No majo r   d i f f e rences  were  observea,  between  samples  from 

A l i c e  A r m  and those  taken  f rom  Hast ings A r m  and severa l   coasta l  

con t ro l   a reas .   Poss ib le   except ions  may be ce r ta in ,   spec ies  of 
b i v a l v e s ,   Y o l d i a   t r a c i a e f o r m i s  and Mytilus eau l is ,   wh ich  a r e  less  

mob i le  and  more d i r e c t l y  exposed t o  contaminated  sediment. 

Further  sampling  however, i s   r e q u i r e d   t o   c o n f i r m  any d e f i n i t e  

t r e n d   i n   m e t a l   u p t a k e .  

2. Evidence o f   meta l   up take  was observed i n  mussel ( M y t i   I u s   e d u l   i s )  

and   a lga   (Fucus   d i s t i chus )   samp les   t aken   i n   t he   v i c in i t y   o f  

Anyox.  Copper  and z inc   concen t ra t i ons   i n   bo th   spec ies  were 

s u b s t a n t i a l l y   h i g h e r   t h a n   o t h e r   l o c a t i o n s   i n   H a s t i n g s  A r m  and 

A l i c e  Arm. Two poss ib le   sources,   par t icu la tes  f rom  s lag  shore 

d e p o s i t s  and d isso lved  meta ls   f rom  the  mine  dra inage  water  

e x i s t   a t  Anyox. The exact  cause o f   me ta l   up take   i n   t hese   two  

s p e c i e s ,   p r e s e n t l y   i s  unknown. 
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1. INTRODUCTION 

I n  June  1976, the   Env i ronmenta l   Pro tec t ion   Serv ice  (EPS) began a 

s e r i e s   o f   i n v e s t i g a t i o n s   i n   A l i c e  Arm, s i t e   o f   t h e  B.C. Molybdenum mine 

n e a r   K i t s a u l t ,  B.C., abandoned i n  1972  and Hast ings Arm, s i t e   o f  a copper 

mine and smel te r  a t  Anyox,  abandoned i n  1936.  These  were p a r t   o f  a 
number o f   i n v e s t i g a t i o n s   b e i n g   c a r r i e d   o u t   a t   v a r i o u s  B.C. coas ta l  

m i n i n g   o p e r a t i o n s ,   e x i s t i n g  and  abandoned, to   de termine   the   env i ronmenta l  

e f f e c t s   o f   u n c o n f i n e d   t a i l i n g s   d i s p o s a l .   ( G o y e t t e ,  1975;  Brothers,  1977; 

Goyette and Nelson,  1977). The area  which i s   m i n e r a l i z e d  has  been 

s u b j e c t   t o  a number o f   m i n i n g   o p e r a t i o n s   i n   t h e   p a s t .  The pr imary  

p u r p o s e s   o f   s t u d i e s   i n  A1 i c e  Arm was t o   ( 1 )   o b t a i n   b a s e l i n e   d a t a   i n  

response t o  a proposal   to   re-open  the B.C. Molybdenum mine, ( 2 )  

determine  the  res idual   e f fects   f rom  prev ious  mine  waste  d isposal  , and (3 )  

moni tor   any  changes  which  take  p lace  a f ter   s tar t -up  o f   the  Amax/Ki tsaul t  

mine.  Studies  included  sampling  marine  sediment and s e l e c t e d   b i o t a   f o r  

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

abundance o f   e p i b e n t h i c   i n v e r t e b r a t e s  and f i s h ,  scuba  and submersible 

observa t ions   us ing   the   P isces  IV f o r   b o t t o m   c o n d i t i o n s  and species 

d i s t r i b u t i o n ,  and water  column  measurements  for l i g h t   t r a n s m i s s i o n ,  

p a r t i c u l a t e   c o n c e n t r a t i o n  and t race   me ta l   con ten t ,   a long   w i th   pos t  

start-up  oceanographic  features  such as temperature and s a l i n i t y .  

The p r e s e n t   r e p o r t   i s  one o f  a number cu r ren t l y   be ing   p repared  
t o  document c o n d i t i o n s   p r i o r   t o  and f o l l o w i n g   t h e   r e -   o p e n i n g  o f  t h e  B.C. 

Molybdenum mine i n   A p r i l ,  1981,  which i s  now under  the name, K i t s a u l t  

Mine. These r e p o r t s  have  been s e p a r a t e d   i n t o  a b a s e l   i n e   o r   p r e   s t a r t - u p  

p e r i o d  and i n i t i a l   p r o d u c t i o n   p e r i o d  as f o l l o w s :  

ENVIRONMENTAL STUDIES I N  ALICE ARM AND HASTINGS ARM, BRIT ISH COLUMBIA 

P a r t  I - Basel i n e   S t u d i e s  , Amax/Ki t s a u l  t M i  ne - Sediment  and  Tissue 

Trace  Metals  f rom Two Abandoned Mine  S i tes - B.C. Molybdenum 

and Anyox. Th is   repo r t   con ta ins  a l l  sediment   and  t issue  t race 

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  mine. Samples were a lso   ob ta 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. coast ,  and data  f rom  the 

copper   sme l te 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  - Basel ine  Studies,   Amax/Ki tsaul t   Mine .- - . Transmissometry  and 

Water  Chemistry 

This   repor t   conta ins  t ransmissometer   measurements  ( turb id i ty) ,  

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 rgan ic   i no rgan ic  and t race   me ta l   concen t ra t i ons   o f   t he  

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 

(Su I1 i v a n  and Bro thers  , 1979)  are a1 so prov ided.  

P a r t   I 1 1  - I n i t i a l  - Proauct ion  Per iod,   Amax/Ki tsaul t   Mine - Sedlment  and 

Tissue  Trace  Metals - 1981.  This  reDort  contains  sediment ana 

t i ssue   t race   me ta l   da ta   f rom samples 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   Amax /K i t sau l t   m ine .  

P a r t  IV - In i t ia l   Produc t ion   Per iod ,   Amax/K i tsau I t   M ine  - 
Transmissometry  and  Water  Chemistry - 1981  and  1982.  This 

report   contains  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  samples c o l l e c t e d  

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

P a r t  V - Base l ine  and In i t i a l   P roduc t i on   Pe r iod ,   Amax /K i t sau l t  - - 
Submersible  Observat ions  and  Otter  Trawls - 1980-1982.  This 

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

from  1980-1981 o t t e r   t r a w l   s u r v e y s ;   a l o n g   w i t h   o b s e r v a t i o n s   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  field taken  f rom  the  submers ib le   P isces IV i n   J u l y  

1982. Reference i s  a1 so made to   submers ib le   observa t ions  and 

o t t e r   t r a w l   r e s u  I t s  , prev ious l y   repo r ted  by S u l 1  i v a n  ana 

Brothers  (1979) .  
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The p r e s e n t   r e p o r t   i s   i n t e n d e d   p r i m a r i l y   t o   p r o v i d e  a base l i ne  

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

o f   t h e   K i t s a u l t  mine  and t o   i d e n t i f y   e v i d e n c e  i f  any, of  metal  uptake 

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

p r e v i o u s   o p e r a t i o n s   p a r t i c u l a r l y   t h o s e   a n i m a l s   f r e q u e n t l y  used f o r  human 

consumption. No at tempt  has  been made i n   t h i s   s t u d y   t o   d e t e r m i n e   t h e  

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

t h e   e f f e c t  on the   ind iv idua l   o rgan isms.  

The method o f   t a i l i n g s   d i s p o s a l  employed a t   t h e  K 

has  drawn c o n s i d e r a b l e   p u b l i c   a t t e n t i o n  and i s   t h e   s u b j e c t  

a  pane I appointed by t h e   M i n i s t e r   o f   F i s h e r i e s  and  Oceans. 

i ronment  nor 

i t s a u l t  mine 

o f  a review  by 

To f a c i  1 i t a t e  

t h i s   r e v i e w   a l l   d a t a   g a t h e r e d   d u r i n g   t h i s   s t u d y  has  been presented and 

where p o s s i b l e  summarized  and  compared t o   o t h e r   s o u r c e s .   D e t a i l e d  

i n t e r p r e t a t i o n  was no t   under taken   i n   o rde r   t o   p rov ide   t he   da ta   w i th in   t he  

requ i red   t ime   f rame  fo r   t h i s   rev iew .  

1.1 Study  Area 
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  Columbia  coast 

approx imate ly  144 km n o r t h   o f   t h e   c i t y  of Pr ince  Ruper t ,  B.C. (F igu re   1 ) .  

A l i c e  Arm, s i t e   o f   t h e  new K i t s u a l t   m i n e   i s  a g l a c i a l l y   f e d   i n l e t   a b o u t  

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 id th ,   wh ich   a long  w i th   Has t ings  Arm, forms a te rmina l   b ranch  o f  

O b s e r v a t o r y   I n l e t .   A l i c e  Arm i s  separated  f rom  Observatory  In let   by a 
complex o f  shallow s i l l s  near t h e  entrance. The inner s i l l  depth i s  

approx imate ly  42  metres  (Figure  2). The  maximum d e p t h   w i t h i n   A l i c e  Arm 

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 a u l t ,   t h e  more 

dominant   and  g lac ia l   r i ver ,  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   A l i c e  

A r m  (F igure   2 ) .  Two smal l e r   c r e e k s ,  Roundy Creek  and  Lime  Creek, en te r  

A l i c e  Arm 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 i n e  

opera t ing   a rea   (F igure  2). L i t t lepage  (1978)   es t imates   the   to ta l   annua l  

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

a c r e - f e e t ) .  
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I LOCATION M A P  

FIGURE I LOCATION  MAP - ALICE  ARM  AND  HASTINGS  ARM 
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Hast 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 1   e t .  Anyox, s i t e  of t h e  abandoned  copper  smelter, 

i s   s i t u a t e d   a t   t h e  mouth o f   Has t i ngs  A r m  i n  Granby  Bay,  near 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   Opera t ions  

Over the   yea rs ,   t he   a rea   a round   A l i ce  A r m  has  been t h e   s i t e   o f  

numerous min ing   ven tures .   L i t t lepage  (1978) ,   repor ts   tha t   be tween  1911 

and  1972 n ine  reg ional   mines  produced some 388,000 tons   o f   copper ,   lead ,  

molybdenum, g o l d  and s i l v e r .  The most   recent   min ing  venture has  been 

t h e  B.C. Molybdenum  mine  (1967 t o  1972). The produc t ion   ra te   averaged 

about 6,000 tons   o f   o re   pe r  day, t h e   b u l k   o f   w h i c h  was d iscarded 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 loca ted   approx imate ly  5 
k i l o m e t r e s   i n l a n d ,  were   d i scha rged   d i rec t l y   i n to   L ime  Creek ( F i g u r e   2 )  

w h i c h   f l o w s   i n t o   A l i c e  Arm. Assuming a con t inuous   ope ra t i on   o f  330  days 

pe r   yea r ,   t h i s   wou ld   rep resen t  a t o t a l   o f  about  12 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   t h e   m i n e .  

Anyox operated  between  1914  and  1936  by  Granby  Consolidated 

M in ing  and Sme l t i ng  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, p o r t i o n s   o f   w h i c h   s t i l l   e x t e n d   b e l o w   l o w   w a t e r .  The s l a g  

p i l e   occup ies   abou t  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) , the   o re  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 each ing .  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  (134 - 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   Hidden  Creek  which  dra ins  the  mine  area and f l o w s   i n t o  Granby 

Bay (F igu re  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 e   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. 
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Severa l   smal le r   m ines ,   no teab ly   the   Torbr i t  , D o l l y  Varden and 

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

(L i t t l epage ,   1978) .   Apar t   f r om  cons t ruc t i on   o f   t he   K i t sua l t   m ine  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 opera t ion .  

1.3 K i t s a u l t   M i n e  (Amax o f  Canada Ltd.)  

The B.C. Molybdenum p r o p e r t y  was acquired  by Amax o f  Canada L td .  

( fo rmer ly   C l imax Molybdenum Corpora t ion)  and produc t ion  was resumed i n  

A p r i l  1981. The des igned  p roduc t ion   ra te  has been increased  to   about  

12,000 tons   o f   o re   pe r  day, twice  the  prev ious  operat ion.   Approx imate ly  

100 m i  11 i o n   t o n s  wi 11 be processed  over  the 26 y e a r  1 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  A1 i c e  A r m  as 

t a i l i n g s .  However, s teps may be taken  to   reduce cadmiun, l e a d  and z i n c  

wh ich   wou ld   l ower   t he   t a i l i ngs  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 sau l t   m ine   a re   be ing   p iped   t o   t he   f o reshore   o f   A l i ce  Arm, where they  

are  mixed  wi th  seawater  and  discharged  near  shore a t  a dep th   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 2), commonly r e f e r r e d   t o  as Rocky Po in 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  special  

Federa l   regu la t ions   wh ich   were   p romulga ted   in   Apr i l ,  1979, i e .   A l i c e  A r m  

Ta i l i ngs   Depos i t   Regu la t i ons  (AATDR). These r e 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 ,   b e h a v i o r  and depos i t ion   a rea  
o f   t h e   t a i l i n g s  once d i scha rged   i n to  A1 i c e  A r m  (see  Appendix 1). 
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2. MATERIALS AND METHODS 

2.1 Survey  Periods 
P re l im ina ry   s i t e   i nspec t i ons  were car r ied   ou t  by EPS i n  June, 

1976 aboard   the   f i sher ies   pa t ro l   vesse l   "K i t imat  11."  Sediment  samples 

were  taken  from  the mouth o f  Lime  Creek,  from i n t e r t i d a l   t a i l i n g s  

deposi ts  and f rom  the head o f   A l i c e  Arm. A sample o f  weathered t a i l i n g s  
f rom  the   o ld   t a i l i ngs   f l ume a t  t h e  B.C. Molybdenum mine and several  from 

t h e   s l a g   p i l e   a t  Anyox were a lso   co l lec ted   (F igures  3 and 4 ) .  More 

extensive  sampling was c a r r i e d   o u t   i n  June  1977, October  1978  and May and 

October 1980 from  the  survey  vessels  "Parizeau" and V e c t o r " .  

I n t e r t i d a l   t i s s u e  samples ( M y t i l u s   e d u l i s  and  Fucus d i s t i c h u s )  

were c o l l e c t e d   i n  June  1977, October 1978 and t o  a l esse r   ex ten t   i n  

October 1980. I n  1978, e f fo r t s   concen t ra ted  on o b t a i n i n g   t i s s u e  samples 

f rom  t rawl  catches, and sediment  (cores and grabs)   fo r   t race   meta l  

ana lys i s .  Sediment sampling was ca r r i ed   ou t   i n   con junc t i on   w i th   s tud ies  

by Dr. J .  Thompson, I n s t i t u t e   o f  Ocean Sciences, who i s   c u r r e n t l y  

i n v e s t i g a t i n g   t h e   i n t e r s t i t i a l   o r   p o r e   w a t e r   c h e m i s t r y   o f   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 lead  methylat ion.   Addi t ional   sediment samples 

( su r face   on l y )  were c o l l e c t e d   i n  May 1980, as we1 1 as t i s s u e  samples from 

t rawl   ca tches   in  May and October 1980. 

I n  1981 , bot tom  t rawls  were ca r r i ed   ou t   a t   f ou r   w ide l y  spaced 

areas  along  the B.C. Coast to   ob ta in   base l ine   t i ssue  da ta  on species 
commonly sampled from  the  t rawl  catches. These have been i n c l u d e d   t o  

represent   the   normal   o r   na tura l   background  leve ls   fo r   t i ssue  t race  
metals. All l o c a t i o n s  were cons idered  to  be s u f f i c i e n t l y  removed from 

any i ndus t r i a l   d i s tu rbances   t o   se rve  as c o n t r o l   s i t e s .  

2.2 Sediment 

The June  1976  sediment  samples c o l l e c t e d   f r o m   t h e   i n t e r t i d a l  

zone  were s to red   in   "wh i r l   pac"  bags. Trace  metal  analysis was c a r i e d  

out  by D r .  W. K .  F le tche r  (Department o f  Geology, U n i v e r s i t y   o f   B r i t i s h  



- 9- 

W 4 f V  S S N I I S V  H 

W 
v, 



- 10 - 

Columbia), as o u t l i n e d   i n   s e c t i o n  2.4. I n   Oc tober  1978,  sediment  samples 

were   ob ta ined   f rom  s i x teen   s ta t i ons   i n   A l i ce  Arm, Hast ings A r m  and Granby 

Bay ( F i g u r e  5) u s i n g  a Smith-McIntyre  grab and an und is tu rbed box c o r e r .  

S ta t i on   coo rd ina tes  and depths  are  given i n  Appendix 2A. Core  samples 

were  taken a t  centre  channel and where possible,   surface  grabs  were 

c o l l e c t e d   f r o m   n o r t h  and sou th   o f  each cen t re1   i ne   co re   s ta t i on .  

Sub-samples  from  the  box  core were ex t rac ted   f rom  the   cen t re   us ing  a 

p l e x i g l a s s   t u b e  and sec t ions  were  taken a t  0-2,  10-12,  20-22,  30-32, 

40-42  and  50-52 cm i n t e r v a l s .  Sub-samples  were  taken  from  the  center 

po r t i on   o f   t he   Smi th -Mc In ty re   g rab   us ing  a p l a s t i c   t r o w e l   t o   a v o i d  

contaminat ion.  Samples  were f rozen  immediate ly   in   "whi r l   pac"   bags.  

Each  sample was then   f reeze -d r ied  a t  t h e   I n s t i t u t e   o f  Ocean Sciences, and 

l a t e r   s u b m i t t e d   t o  Dr. F l e t c h e r ' s   l a b o r a t o r y  a t  U.B.C. f o r   a n a l y s i s .   I n  

some cases d u p l i c a t e   a n a l y s i s  was also  conducted by t h e  EPS L a b o r a t o r y   i n  

West Vancouver. 
I n  1980, s t o r e d   f r e e z e - d r i e d  samples  were se lec ted   f rom  core  

s t a t i o n s  A-1, A-5, A-10 and A-16 and  submi t ted   to  Chemex L a b o r a t o r i e s   f o r  

U ,  Ra 226, Pb 210  and Th 230 analyses. Due t o   t h e   c o s t   o f   r a d i o i s o t o p e  

a n a l y s i s ,  samples  were r e s t r i c t e d   t o   t h e s e   f o u r   s t a t i o n s   w h i c h  were 

c o n s i d e r e d   t o   a d a q u a t e l y   r e f l e c t  any  contaminat ion  that  may be associated 

w i t h   t h e  B.C. Molybdenum opera t ion .  A t  S t a t i o n  A-1, a surface  sample 

was s e l e c t e d   f o r   n a t u r a l   i n p u t  coming  f rom  the  head  of   Al ice Arm. A core  

sample  f rom  Stat ion A-5 represents  known t a i l i n g s   d e p o s i t s .   S t a t i o n  

A-10 was s e l e c t e d  as Hans Creek i s  known t o  c o n t a i n  some uranium. An 

equ iva len t   co re   f rom  S ta t i on  A-16 i n  Hast ings A r m  was chosen f o r   a n a l y s i s  

as a c o n t r o l   s i t e  removed from any  obvious  mining  ef fects.   Resul ts  were 

t o  determine  the need f o r   f u t h e r   a n a l y s i s .  

I n  May 1980  surface  (0-6 cm) sediment  samples  were  taken  from 29 

l o c a t i o n s   i n   A l i c e  A r m  and  one a t  Anyox w i t h  a Smith-McIntyre  grab 

(F igure   6 ) .   S ta t ion   coord ina tes ,   depths  and sample desc r ip t i on   a re   g i ven  

i n  Appendix 2B. Attempts t o  obta in   sediment   f rom  severa l   s ta t ions were 

unsuccessfu l  due t o   t h e  coarseness o f  the   bo t tom and the  s teep  s lope.  

Samples  were f rozen  immedia te ly   in   "wh i r l   pac"  bags f o r   l a t e r   a n a l y s i s  by 

t h e  EPS L a b o r a t o r y   i n  West Vancouver. 
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2.3 B i o t a  

2.3.1 Trawl  Samples. 

species  were  selected fr 
" - Samples o f  

om o t t e r  trawl 

A r m  i n  October  1978  and May and October 

ana lys is .   Sampl ing   loca t ions   a re  shown 

i s  g iven   in   Append ix  5A. 

t h e  more important  commercial 

catches i n   A l i c e  A r m  and Hast ings 

1980 f o r   t i s s u e   t r a c e   m e t a l  

i n   F i g u r e  7. S t a t i o n   i n f o r m a t i o n  

As i nd i ca ted   p rev ious l y ,   add i t i ona l   t raw l   samp les  were  taken  from 

f o u r   w i d e l y  spaced cont ro l   a reas   a long  the   coas t   to   de termine   the   na tura l  

c o n c e n t r a t i o n   i n   e p i b e n t h i c   s p e c i e s  commonly se lec ted   f rom  the   t raw ls .  

Genera l   locat ions  are shown i n   F i g u r e  8; s p e c i f i c  t r a w l  s i t e s   a r e  shown i n  

F igures 9 t o  12. Coord ina tes   a re   l i s ted   i n   Append ix  5A. The s t a t i o n   o f f  

t he   en t rance   t o   Qua ts ino  Sound, a l t hough   pa r t   o f   t he   sys tem used f o r  

t a i l i n g s   d i s p o s a l   f r o m   t h e   I s l a n d  Copper  mine i n  R u p e r t   I n l e t ,  was beyond 

the   a rea   o f   t a i l i ngs   depos i t i on   (Goye t te ,   unpub l .   da ta )  and cons idered  to  

represent   the   na tura l   coas ta l   env i ronment   fo r   tha t   a rea .  

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

t h r o a t .  Each t r a w l  was towed  a long  the  bot tom  wi th  a 3 t o  1 scope f o r  a 

d i s tance   o f   app rox ima te l y  0.8 km. The spec ies   se lec ted   were   p r imar i l y  

pandal id   shr imp  (Pandalus  boreal is ,   Pandalus  hyps inotus,  

Pandalopsis  dispar);  crangon  shrimp  (Crangon  communis);  the Brown King  Crab 

(Li thodes  aequispina);   and  pol   lock  (Theragra  chalcogramma)  which  general ly 

represented  the  most  dominant  montereyensis  species i n   t h e   c a t c h .  The 

b i v a l v e ,   ( Y o l d i a  th rac iae formis lmontereyens is )  and var ious  spec ies  o f  

so le ,  were  sampled i f  p r e s e n t   i n   t h e   t r a w l   c a t c h .  Samples  were f r o z e n   i n  

"wh i r l   pac"  bags and r e t u r n e d   f o r   a n a l y s i s   b y   t h e  EPS West Vancouver 

Labora to ry   us ing   t he   p rocedures   ou t l i ned   i n   Sec t i on  2.4. 
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Analysis  of   shr imp  caught i n  1978 was conducted on composite 

samples c o n s i s t i n g   o f  2 t o  20 indiv iduals  f rom  each  species  (Appendix  6A) 

Pandalid  shrimp  were  grouped  into  whole body  and tail muscle  only. 

Yo ld ia  sp. were t r e a t e d   i n   t h e  same manner, analyzed  whole  (minus  shel l )  

i n  groups o f  20. F i s h  and o the r   i nve r teb ra te   spec ies  were t r e a t e d  

i n d i v i d u a l l y .   F o r   f i s h ,   p o r t i o n s   o f   t h e   d o r s a l   m u s c l e  were  used.  Crab 

samples  cons is ted  o f   leg,   or   c law  muscle.  The use of  composite  samples 

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

t h i s  can limit s t a t i s t i c a l   t r e a t m e n t   o f   t h e   d a t a .   I n  1980  and  1981, 

i n d i v i d u a l s   o f  each  spec ies  were  analyzed.   Occasional ly ,   insuf f ic ient  

t i s s u e   r e q u i r e d   u s i n g   s e v e r a l   a n i m a l s   i n  a composite  sample.  This was 

genera l l y   t he   case   w i th   Yo ld ia  sp. F o r   l o g i s t i c   r e a s o n s   b i v a l v e  samples 

t a k e n   i n  1978  were no t   pu rged   p r i o r   t o   f reez ing   aboard   sh ip .  Care was 

t a k e n   t o  remove  any  sediment  adhering t o   t h e   t i s s u e  by  washing i n  

d i s t i l l e d   w a t e r   p r i o r   t o   a n a l y s i s .  The 1980  and  1981  samples  were  purged 

f o r  24 hours in   c lean  seawater   be fore   f reez ing   aboard   sh ip .  

2.3.2 I n t e r t i d a l  Samples. I n  June  1977  and  October 1978,  mussel 

( M y t i l u s   e d u l i s ) ,  and  rockweed  (Fucus d i s t i c h u s )  samples  were c o l l e c t e d  

f r o m   t h e   i n t e r t i d a l  zone (Figures  13 and 14) .   S ta t ion   coord ina tes   a re  

g i v e n   i n  Appendix 5B and 5C. Samples  were f r o z e n ,   i n   " w h i r l   p a c "  bags 

and  analyzed  by  the EPS L a b o r a t o r y   i n  West Vancouver  according t o  

p rocedures   desc r ibed   i n   sec t i on  2.4. Samples  were washed i n   d i s t i  
water  before  analysis.  Mussels  were  submitted  whole,  minus  byssal 

and  threads.  In  October,   1978,  the  s ize  range  in  each  mussel  samp 

recorded  and  given  in  Appendix 6B. 

2.4 Analy t ica l   Procedures.  

1 l e d  
gland 

l e  was 

2.4.1 Sediment  Samples.  Frozen  sediment  samples t o  be a n a l y z e d   f o r  

t r a c e   m e t a l s  were f r e e z e - d r i e d  and  sieved  through an 80-mesh (2.5 p h i  ) 



FIGURE 7 OTTER TRAWL STATIONS-  ALICE  ARM AND 
HASTINGS  ARM- 1978, May 1980, October 1980 



F I G U R E  8 L O C A T I O N   M A P  - O T T E R  TRAWL C O N T R O L  
A R E A S ,  I98 I 
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ny lon   s ieve .   Po r t i ons   o f   t he   m inus  80-mesh f r a c t i o n  were  forwarded t o   t h e  

l a b o r a t o r y   o f  Dr. W. K. Fle tcher   (Depar tment   o f   Geo logy ,   Un ivers i ty   o f  

B r i t i s h  Columbia). They were  then  digested i n  a 4:l  n i t r i c - p e r c h l o r i c  

ac id   m ix tu re ,   evapora ted   t o   d ryness   ove r  an a i r   b a t h ,   t a k e n  up i n  1.5 m l  

HCl  and analyzed  for   cobal t   (Co) ,   copper   (Cu) ,   i ron  (Fe)  , manganese (Mn), 

N icke l   (N i ) ,   l ead   (Pb ) ,   s i l ve r   (Ag ) ,  and z inc   (Zn) ,   w i th  a Perkin  Elmer 

303 atomic  absorpt ion  spect rophotometer  (AAS). Background  correct ions 

were u t i l i z e d   i n   t h e   d e t e r m i n a t i o n  o f  cadmium, nicke.1  and  lead. 

Ana ly t i ca l   p rocedures  a t  UBC a re   rou t i ne l y   checked   aga ins t  a standard  rock 

sample. I n  1978, samples o f  a National  Bureau of Standards t a i l i n g s  

s t a n d a r d   c e r t i f y i n g   c o p p e r  a t  910 - +10 ug/g  were  submitted t o  UBC a long 

w i th   t he   Oc tober   sed imen t   samp les   t o   de te rm ine   t he   l eve l   o f   ex t rac t i on   by  

t h e  UBC procedure. Samples c o l l e c t e d   i n  1980 were  analyzed i n  t h e  EPS 

West Vancouver labora tory   accord ing   to   s tandard   methods  as o u t l i n e d   b y  

Swingle  and  Davidson (1979).  Resu l ts   fo r   the   S tandard   Reference  mater ia ls  

used by the  West Vancouver l a b o r a t o r y   a r e  shown i n  Appendix 3A. 

2.4.2 B i o l o g i c a l  Samples. Tissue  samples  were  thawed,  blended and 

f reeze-dr ied .   For   ana lys is   o f   meta ls   o ther   than  mercury   the   o rgan ic  

m a t e r i a l  was o x i d i z e d   i n  a low  temperature  asher.  The remaining  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 d i s s o l v e d   i n  warm c o n c e n t r a t e d   n i t r i c  

ac id .  Samples  done p r i o r   t o   O c t o b e r  8,  1978 were  analyzed  by a J a r r e l l  

Ash 850 AAS wi th   background  correct ion.  Samples from  October, 1978 and 
1980, were  analyzed  by a J e r r e l l  Ash Induct ively  Coupled  Argon 

Plasma-Optical  Emission  Spectrometer (ICAP-OES). 

For  mercury  analysis,   the  b lended  and  f reeze-dr ied  samples  were 

d i s s o l v e d   i n  a 4:l s u l f u r i c   a c i d - w a t e r   m i x t u r e .  These s o l u t i o n s  were 

f u r t h e r   o x i d i z e d   w i t h  50 percent  peroxide,  heated,  cooled, and d i l u t e d  

w i t h  a potassium  permanganate. The r e s u l t a n t   s o l u t i o n s  were  then  analyzed 

by  "co ld  vapour"  AAS w i th   background  cor rec t ion .  
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For   the 1980  and  1981  samples, ana lys is  was taken an a d d i t i o n a l  

s tep i f  necessary t o  lower   the  detect ion limit f o r   l e a d  and cadmium us ing  

t h e   J a r r e l l  Ash 850 AAS w i t h  FLA 100 graphi te  tube  furnace.  Detect ion 

l i m i t s   i n  1977  and  1978 ranged  between 1.0 and 4.2 rng/kg f o r   l e a d  and 1.0 

mg/kg f o r  cadmium. Use of   the  graphi te   tube  furnace  lowered  the 

de tec t i on   f o r   bo th   e lemen ts   t o  0.05 mg/kg. All samples  were analyzed a t  

t h e  West Vancouver  Laboratory  using  analyt ical  procedures  described by 

Swingle and Davidson  (1979). 

Q u a l i t y   c o n t r o l  checks  are  conducted  rout ine ly   by  the  laboratory  

through  da i  l y  ba tch   con t ro l   us ing   ca l i b ra t i on   s tandards  , a n a l y t i c a l  

b lanks ,   dup l i ca te   ana lys i s   o f   t es t  samples and ana lys i s   o f   re fe rence  

m a t e r i a l s  (NBS 1566 Oyster  Tissue, NBS RM 50 A1 bacore  tuna and NBS 1577 

b o v i n e   l i v e r )   a l o n g   w i t h  each ba tch .   Longer   te rm  qua l i t y   con t ro l   i s  

conducted  through  “b l   ind  audi t ”  samples t o  check analyst  performance 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 tute,   Environment  Canada’s  Centre  for   In land  Waters,  US 

Geological  Survey,  International  Atomic  Energy Agency and others.  

Typical   resul ts  obtained  f rom  Tissue  Standard  Reference  Mater ia ls  are 

g i v e n   i n  Appendix 38. 

. 
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3. RESULTS AND DISCUSSION 

3.1.1 Ta i l i ngs   Tab le  1 shows t h e   t o t a l   o r   a c i d   e x t r a c t a b l e   t r a c e  

meta l   concentrat ions  found i n   t a i l i n g s  samples  from  the  abandoned mill 

s i t e   a t   t h e  B.C. Molybdenum  mine  and s l a g   f r o m   t h e  Anyox s m e l t e r   t a k e n   i n  

June,  1976. I n   t h e  absence o f   a v a i l a b l e   r e c o r d s   t h e s e   r e s u l t s   g i v e  some 

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

operat ion.   Analys is   by UBC and West Vancouver l a b o r a t o r i e s  were done on 

d u p l i c a t e  samples  and show reasonably  c lose  agreement,   wi th some 

v a r i a t i o n   i n   t h e   l e a d  and cadmium. Resul ts   f rom Hazen Research came from 

a separate  sample  taken a t  a l a t e r  date. 

R e s u l t s   f r o m   t h e   a n a l y s i s   o f   b o t h   t a i l i n g s   s o l i d s  and marine 

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

t h e   t o t a l   d i g e s t i o n   t i m e   g i v e n   t o  each  sample by t h e   l a b o r a t o r y .   I n  most 

cases  va lues  approach  the  to ta l   meta l   content   but ,   w i thout  more r i g o r o u s  

treatment,   such as u s i n g   h y d r o f l o r i c   a c i d ,  do no t   represent   the   abso lu te  

concent ra t ions .  As a consequence, r e s u l t s  between l a b o r a t o r i e s  can  vary 

s l i g h t l y  depending upon t h e i r  procedures. In   add i t ion ,   p rocedures   used 

t o   o b t a i n   t h e   t o t a l   m e t a l   c o n c e n t r a t i o n   i n   t h e   s o l i d   f r a c t i o n  do no t   g i ve  

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

would be cons ide rab ly   l ess  and determined  through a s e r i e s   o f   s e q u e n t i a l  

d i g e s t i o n s   u s i n g  weaker   ac ids.   Nonetheless,   analys is   o f   to ta l   meta ls  
g ives  a r e l a t i v e  measure o f  t h e   t r a c e   m e t a l s   e n t e r i n g   t h e   r e c e i v i n g  

environment  and  provides  the means o f   t r a c i n g   t a i l i n g s   d i s t r i b u t i o n .  

Compared to   na tura l   sed iments   f rom  Hast ings  A r m  and e n t r a n c e   t o   A l i c e  

Arm, n o t i c e a b l e   f e a t u r e s   a r e   t h e   r e l a t i v e l y   h i g h   l e a d ,   z i n c ,  cadmium, 

s i l v e r  and i r o n   c o n t e n t   i n   t h e  B.C. Molybdenum t a i l i n g s  and somewhat 

h igher   concent ra t ions   o f   copper ,   z inc  and i r o n   i n   t h e  Anyox slag. 

3.1.2 S e d i m e n t   A n a l y s i s   o f   i n t e r t i d a l  samples  taken a t   t h e  head 

o f   A l i c e  Arm, mouth o f  Lime  Creek  and  near t h e   s l a g   p i l e   a t  Anyox d u r i n g  

p r e l i m i n a r y   s t u d i e s   i n   J u n e  1976 a r e   a l s o  shown i n  Table 1. The mean 

t race   me ta l   con ten t   f ound   i n   co re  samples  from  1978  and  surface  grabs i n  

1980  taken  ins ide  and o u t s i d e   t h e  B.C. Molybdenum t a i l i n g s   d e p o s i t s   a r e  
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compared i n  Tables 2 and 3. The raw d a t a   a r e   l i s t e d   i n  Appendices 4A and 

48. For  1978  (Table 2),  s t a t i o n s   c o n s i d e r e d   t o  be i n s i d e   t h e  B.C. 
Molybdenum depos i ts  were de termined  f rom  the i r '   overa l l   meta l   con ten t  , 
s i n c e   a n a l y s i s   f o r  molybdenum was n o t  done. For  1980  (Table  3) ,   stat ions 

were  grouped  according t o   t h e  molybdenum content,  i .e.  above and below  the 

18.5 mg/kg, d e t e c t i o n  limit. S t a t i o n s  a t  t h e  head o f  A l i c e  Arm, #1  

( e s t u a r y ) ;   m o u t h   o f   t h e   K i t s a u l t  and Illi 

those  wel l   beyond  any  inf luence  f rom  the 

molybdenum concent ra t ions  were  below  the 

A l though   the   t race   me ta l   i npu t  i 

c o u l d  be d e r i v e d   t h r o u g h   a n a l y s i s   o f   t h e  

ance r i vers   (Append ix  4B) and 

B.C. Molybdenum d ischarge 

d e t e c t i o n  limit. 

n t o   t h e   r e c e i  v i  ng  envi  ronment 

t a i  1 i n g s   e f f  1 uen t   o r   t he   o re  

i t s e l f  , the  marine  sediments  g ive a c l o s e r   p i c t u r e   o f   t h e   t r a c e   m e t a l  

d i s t r i b u t i o n   f o l l o w i n g   e x p o s u r e   t o  a v a r i e t y  o f  env i ronmenta l   factors   such 

as t i d a l   s o r t i n g   o f   t h e   p a r t i c l e s ,   d i l u t i o n  by   na tu ra l   depos i t i on ,  

d i f f e r e n c e s  in s e t t l i n g   r a t e s   e t c .  Core  samples prov ide  an h i s t o r i c a l  

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

o r e  body,  as w e l l  as t h e i r   h o r i z o n t a l  and v e r t i c a l   d i s t r i b u t i o n .  

Mine  waste  f rom  both  the B.C. Molybdenum  and  Anyox o p e r a t i o n  has 

r e s u l t e d   i n  a no t i ceab le   i nc rease   i n   t he   me ta l   con ten t   o f   t he   su r round ing  

mar ine   sed iment   fo r   those  meta ls   wh ich   a re   p resent   in   the   o re  a t  

concentrat ions  h igher   than  natura l   sources.   For  some which  are  below  the 

na tu ra l   concen t ra t i ons ,   t he   reve rse  has occurred as i n   t h e  case o f   n i c k e l  

and  chromium.  Although i n  most  cases  the  t race  metal   concentrat ions  found 

i n   t h e   s u r f a c e   s e d i m e n t s  were   l ower   t han   t he   under l y ing   l aye rs   i n  1978 

t h e y   s t i l l  remained  above  natura l   background  leve ls   s ix   years  a f ter  

c l o s u r e   o f   t h e  B.C. Molybdenum mine. A t  Anyox, 43 y e a r s   a f t e r  

abondonment, sur face   concent ra t ions   in   Granby  Bay p a r t i c u l a r l y  Cu,  Zn and 

Fe were s u b s t a n t i a l l y  above the  natura l   background and b a s i c a l l y   s i m i l a r  

to   those  concent ra t ions   found  th roughout   the   core  sample.  This 

presumably has  been t h e   r e s u l t   o f   c o n t i n u a l   s u p p l y   o f   s l a g   f r o m   t h e   s h o r e  

depos i t s   t h rough   e ros ion  and wave a c t i o n ,   a l o n g   w i t h  somewhat lower 

na tura l   sed iment   depos i t ion   s ince  Granby Bay l a c k s   t h e   g l a c i a l   r u n o f f .  
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3.1.3 T a i l i n g   D i s t r i b u t i o n  From  1978 data,   the  seaward  extent   o f   the 

B.C. Molybdenum deposi ts   appeared  to  be somewhere between the   no r th -sou th  

1 i n e   o f   S t a t i o n  A-8 and S t a t i o n  A-10, near   the  base o f  t h e   i n n e r   s i l l   a t  

t h e  mouth o f  A1 i c e  A r m  (F igure  5 and  Appendix  4A).  Unfortunately, i n  1978 

samples  were  not  taken  between  Stat ion A-8 and A-10, which  were a 20-22 cm 

core  depth  appears t o   c o n s i s t   o f   a l m o s t   e n t i r e l y   t a i l i n g s   f r o m  B.C. 

Molybdenum.  Copper values  found i n   t h e  sample o f  weathered t a i l i n g s   t a k e n  

i n  1976  were s i m i l a r   t o   S t a t i o n  A-2 w h i c h   i s   j u s t   o f f  Lime  Creek. 

Cons ide rab le   d i s tance   apa r t .   S ta t i on  A-8 l i e s   a p p r o x i m a t e l y  5.5 km f rom 

t h e   p o i n t   o f   d i s c h a r g e   a t   L i m e  Creek.  There was no evidence o f  t a i l i n g s  

d e p o s i t i o n   o u t s i d e   t h e   s i l l .  A t  S t a t i o n  A - 1  (76  metres),   near  the  lower 

K i t sau l t   R i ve r   es tua ry ,   t race   me ta l   concen t ra t i ons  were  near  background 

l e v e l s ,  a t  l e a s t ,   t o  a core  depth  of  10-12 cm. Depths a t   s t a t i o n s  A-7 t o  

A-9, ranged  between 225 and 360 met res .   I n  May 1980  coverage  by  the 

sur face  grabs was more ex tens ive  and  based on lead  concent ra t ions ,   the  

seaward  leading edge o f   t h e  B.C. Molybdenum sur face  deposi ts   appeared  to  

be i n   t h e   v i c i n i t y   o f   S t a t i o n  A-17, 10 km from  the  source  at  Lime  Creek. 

( F i g u r e  6 and  Appendix  48).  For  most  metals  surface  concentrat ions  were 

h igher   than  na tura l   background  leve ls  a t  S t a t i o n  #2 (es tuary )   (F igure   6 )  

i n d i c a t i n g  some d e p o s i t i o n  had a l s o   o c c u r r e d   i n   t h e   d i r e c t i o n   o f   t h e  

estuary.  Depth a t  t h i s   s t a t i o n  was 98 metres. 

3.1.4 Comparison o f   the   Ma jor   T race  Meta ls   Tab le  4 presents  a 
general  comparison o f  the  var ious  sources o f  t r a c e   m e t a l s   i n   t h e   A l i c e  A r m  

a rea ,   na tura l  and  mine   der ived .   F igure   15 ,   i l l us t ra tes   the   genera l  

d i s t r i b u t i o n   p a t t e r n   f o r   c o p p e r ,   l e a d ,   z i n c  and  cadmium thoughou t   A l i ce  

A r m  f rom  the  1978 core  samples. 

Copper 
Copper concent ra t ions   in   the   na tura l   sed iments   appear   to   range 

between  30  and 50 mg/kg, dry wt. (Appendix 4A and 4B, S t a t i o n s  A10-A13, 

HH). The copper  content i n  sediment  taken  f rom  the  Al ice A r m  dra inage 

b a s i n   i s   r e p o r t e d  as 58  mg/kg (Table  4) .   Wi th in   the B.C. Molybdenum 

ta i l i ngs   depos i t s   t he   ave rage   copper   con ten t ,   i n   t he   1978   co re  samples, 
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TABLE 1: TRACE METAL CONCENTRATIONS FOUND I N  INTERTIDAL SEDIMENT 

ALICE ARM AND ANYOX - JUNE 1976. 

STATION mg/kg, d ry  weight 

cu  Pb  Zn  Cd N i  Mn  Co  Ag Fe  Hg 

( % I  

A1 i c e  A r m  

B.C. Moly 1127.9  476.1  496.5 17.2 8.5 367.3  28.3  7.9  2.9 - 
t a i l i n g s  2130.0  560.0  520.0  16.0 - - - - 4.1  0.077 
( M i l l   s i t e  

Tailings flume) 

Head of l93.9 37.2 203.3 1.4 34.7 452.6  19.0 0.8 3.9 - 
A l i c e  A r m  296.0 56.0 220.0 3.0 - - - - 5.5 0.149 

Lime Ck. l80.7 356.5 487.1 13.8 9.3 463.8 13.3 5.4 2.2 - 
(mouth) 289.0 390.0 520.0 16.0 - - - - 2.8 0.105 

Anyox 

Slag p i l e  l3396 132 9649 1.1 6.7 557 224  4.5 25.5 - 
23500 230 13000 3.0 - - - - 39.0 0.043 
33 140 180 11800 5.0 38.0 - - 6.0 50.9 - 

South of l52.9 9.0 147.1 0.0 57.2 690.1  17.4 0.4 3.4 - 
s l a g   p i l e  260.0 33 150.0 3.0 - - - - 5.0 0.081 

Analysis  conducted  by Dr. K. Fletcher,   Department o f  Geology, U.B.C. 
2 Analysis  conducted  by  Environmental   Protect ion  Service,  West Vancouver  Laboratory 

3 Analysis  conducted  by Hazen Research  Inc.,  Colorado 
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TABLE 2: MEAN TRACE METAL  CONCENTRATIONS  FOUND I N  CORE SAMPLES TAKEN I N S I D E  
AND OUTSIDE THE AREA OF THE B.C. MOLYBDENUM TAILINGS DEPOSITS - 
OCTOBER 1978. (Analys is   by UBC Dept . of Geol ogy) 

METAL INSIDE  OUTISDE 
(mg/kg 9 dry w t . )  (A-2 t o  A-9) (A-10 t o  A-14) 

Complete Surface Complete Surface 
Core Only Core Only 

Copper (Cu . ) 
Mean 75 .O 68.4 50.7 44.5 
Std. Dev. 15 .O 4.9 14.4 4.4 
n 17.0 8.0 13 .O 5.0 
Range 60.4-120.9 60.4-74.7 36.1-85.1 40.4-52.0 

Lead (Pb.)  
Mean 93.4 68.6 19.0 22.0 
Stn. Dev. 59.1 13.8 6.8 5.1 
n 17 .O 8.0 13 .O 5.0 
Range 54.0-263.0 54.0-84.0 9.0-30.0 18.0-30.0 

Zinc  (zn.) 
Mean 241.7 190.3 114.9 114.4 
Std. Dev. 65.4 15.2 12.8 11.3 
n 17 .O 8.0 13.0  5.0 
Range 170.8-373.0 170.8-204.0 91.0-135.2 110.4-130.3 

Cadmi um (Cd . ) 
M e a  n 13.6 7.1 1.9 1.8 

Std. Dev. 10.4 2.9 0.6 0.7 
n 17 .O 8.0 13 .O 5.0 
Range 3.8-43.0 3.8-12.4 0.9-3.1 1.1-3.1 

I ron   (Fe )  (%) 
Mean 3.2 3.4 2.6 2.7 
Std. Dev. 0.3 0.06 0.2 0.2 
n 17 .O 8.0 13 .O 5.0 
Range 2.5-3.5 3.3-3.5 2.5-2.9 2.5-2.8 

Nickel   (Ni  ) 
Mean 32.6  35.9  43.0  42.4 
Std. Dev. 7.6 2.7 3.7 3.7 
n 17 .O 8.0 13.0 5.0 
Range 13-7-40-0 31.4-38.6 38.2-51.3 38.2-46.5 
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TABLE 2: MEAN  TRACE METAL CONCENTRATIONS FOUND I N  CORE SAMPLES TAKEN I N S I D E  
( con t inued)  AND OUTSIDE THE AREA OF THE B.C. MOLYBDENUM TAILINGS DEPOSITS - 

OCTOBER 1978. (Ana lys i s  by t h e  UBC Dept. o f  Geology) 

METAL I N S I D E  OUTISDE 
(mg /k f lY  w t  ) (A-2 t o  A-9) (A-10 t o  A-14) 

ComDlete  Surface  ComDlete  Surface 
Core  Only  co r e   O n l y  

Manganese (Mn) 
Mean 1227.1 1788.6 453.5 1417.6 
Std. Dev. 771.7 1266.1 32.8 1327.6 
n 17 .O 8.0 13 .O 5.0 
Range 684.5-4449.2 684.5-4449.2 405.0-3422.5 463.8-3422.5 

Cobal t (Co) 
Mean 17.2 18.2 16.9 18.2 
Std. Dev. 2.2 0.9 3.9 6.2 
n 17.0 8.0 13 .O 5.0 
Range 12.0-19.0 17.0-19.0 14.0-29.0 14.0-29.0 

S i  1 ver  (Ag) 
Mean 1.5 1.0 0.3 0.4 
Std. Dev. 0.8 0.2 0.1 0.2 
n 17.0 8.0 13.0 5.0 
Range 0.7-4.4 0.7-1.1 0.2-0.6 0.2-0.6 
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TABLE 3: MEAN CONCENTRATION AND SIGNIFICANCE OF TRACE METALS I N  SURFACE 
SEDIMENT I N  THE PRESENCE AND ABSENCE OF  MOLYBDENUM - ALICE ARM, 
MAY 1980. (Ana lys is  by EPS Lab. W.Van.) 

Metal  Molybdenum Molybdenum1 s i  gn i  f i  cance2 
(non-detected) (detected)  a t  95% 

(mg/kg Y dry w t . )  (mg/kg , dry w t .  ) Confidence 1 eve1 
Copper (Cu .) 

Mean 44.42 74.88 inc rease 
Std. Dev. 11.54 5.39 
n 38 16 
Range 29.4-73.2 62.0-83.3 

Lead  (Pb.) 
Mean 66.94 
Stn. Dev. 23.13 
n  38 

140.70 
22.99 
16 

Range 46.5-148.0  99.4-194.0 

Zinc  (zn.) 
Mean 126.07 223.66 
Std. Dev. 39.02 42.59 
n 38 16 
Range 87.2-234.0 179.0-360.0 

Cadium  (Cd.) 
Mean 0.64 
Std. Dev. 0.18 
n 38 
Range 0.54-1.09 

Molybdenum (Mo. ) 
Mean L18.5 
Std. Dev. - 
n 38 
Range - 

2.47 
1.55 

16 
0.56-6.24 

86.0 
37.76 
16 

27.1-152.0 

increase 

increase 

increase 

1. Presence o f  molybdenum represents   concent ra t ions   g rea ter   than  the   de tec-  
t i o n  limit o f  18.5 mg/kg, dry weight.  

2. S t a t i s t i c a l   c o m p a r i s o n  o f  t h e  means. 
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TABLE 3: MEAN CONCENTRATION AND SIGNIFICANCE OF TRACE METALS I N  SURFACE 
(cont inued)  SEDIMENT I N  THE PRESENCE AND ABSENCE OF MOLYBDENUM - ALICE ARM 

MAY 1980. (Ana lys is  by EPS Lab. W. Van.) 

Metal Molybdenum  Molybdenum s i  gn i  f i  cance2 
(non  -detected ) (detected)  a t  95% 

(mg/kg, dry w t . 1  (mg/kg, dry wt.)  Confidence  level 

Mercury (Hg . ) 
Mean 0.18 0.24 increase 
Std. Dev. 0.08 0.08 
n 38 16 
Range 0.094-0.378 0.154-0.365 

I r o n  (Fe.) - 
Mean (%) 3.91 4.18 
Std. Dev. 0.86 0.26 
n 38 16 
Range 2.94-7.29 3.64-4.63 

Chromi urn (Cr. ) 
Mean 47.68 42.81 
Std. Dev. 12.11 9.21 
n 38 16 
Range 27.1-67.9 30.3-61.8 

Manganese (Mn. ) 
Mean 985.63 1204.44 
Std. Dev. 481.87 380.06 
n 38 16 
Range 533-2310 689-2280 

Nickel  
Mean 36.84  40.03 
Std. Dev. 9.60 6.71 
n 38 16 
Range 19.2-61.2 31.5-52.6 

A1 umi n i  um 
Mean 21,273.95 25,387.50 
Std.  Dev. 4,122.07 3,131.85 
n 38 16 
Range 17,000-30,900 20 ,000-29,500 

increase 

equal 

equa 1 

equal 

increase 
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was  75 mg/kg. A n a l y s i s   o f   t h e   K i t s a u l t   o r e  body shows average  copper 

l eve l s   w i th in   t he   range   found   i n   t he   na tu ra l   sed imen t .  The concent ra t ions  

found i n   c o r e  samples  f rom  s tat ion A-2 i n  1978  however,  suggest t h a t   t h e  

copper  content i n   t h e   t a i l i n g s   d u r i n g   t h e  B.C. Molybdenum o p e r a t i o n ,   a t  

t imes,  approached  or  exceeded  100 mg/kg. S t a t i o n  A-2 (20-22 cm) i n  1978 

f o r  example showed a maximum concen t ra t i on   o f   121  mg/kg.  Based  on o v e r a l l  

metal   content,   20-22 cm core  depth  appears t o   c o n s i s t   o f   a l m o s t   e n t i r e l y  

u n d i s t u r b e d   t a i  1 ings   f rom B.C. Molybdenum. Copper  values  found i n   t h e  

sample o f   w e a t h e r e d   t a i l i n g s   t a k e n   i n  1976  were s i m i l a r  t o   S t a t i o n  A-2 

w h i c h   i s   j u s t   o f f  Lime  Creek. 

Near  Anyox the  average  (0-22 cm) copper  content i n   t h e  sediment 

i n  1978 was 650  mg/kg ( S t a t i o n  A-15, Appendix  A-5).  This  high  value i s  

n o t   s u r p r i s i n g  as th i s   sou rce   ma te r ia l   con ta ined   f rom 3100 t o  3500 mg/kg, 

Cu. I n   o t h e r   i n d u s t r i a l   s i t e s   t e s t e d   a l o n g   t h e  B.C. coast  sediment  copper 

c o n c e n t r a t i o n s   f o r  example,  range  anywhere  from 69.5 t o  190,000  mg/kg 

(Vancouver  Harbour),  291 t o  528  mg/kg (upper Howe Sound),  199 t o  700  mg/kg 

(Ruper t -Ho lbe rg   I n le t s )  and up t o  156  mg/kg ( V i c t o r i a   H a r b o u r )   ( G a r r e t t ,  

1981). 

Lead 
From t h e  1978 core  samples, t h e   n a t u r a l   b a c k g r o u n d   i n   A l i c e  A r m  

ranged  between 9.0 and 30.0 mg/kg, w i t h  an average o f  19.0 mg/kg. W i t h i n  

t h e  B.C. Molybdenum depos i ts   lead   concent ra t ions  were s i g n i f i c a n t l y   h i g h e r  
ranging  f rom 54 t o  263 mg/kg, w i t h  an average o f  93 mg/kg. Resu l ts  

ob ta ined  f rom  the  1980 surface  grabs  suggest a somewhat h i g h e r   n a t u r a l  

background  level   (average  of  67 mg/kg)  and  higher  surface  concentrat ions 

w i t h i n   t h e  B.C. Molybdenum deposi ts  (average  of   141  mg/kg).  The 

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

procedure.  Dobrocky  Seatech  (1981)  report  background  concentrat ions 

rang ing   f rom  less   than 3 mg/kg t o  35  mg/kg  and sur face  sediment   leve ls  

f rom 49 t o  315  mg/kg in  the  contaminated  areas.  Sediment  f rom  the A1 i c e  

A r m  drainage  basin  averaged  about 23 mg/kg  (see Table  4).  Around Anyox 

(S ta t i on   A -15 )   l ead   concen t ra t i ons   i n  1978 core  samples  ranged  from 9.0 t o  

11.0  mg/kg. The e q u i v a l e n t   s t a t i o n   i n  1980 showed surface  sediment  values 
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o f   a p p r o x i m a t e l y  54  mg/kg. Elsewhere  along  the B.C. coas t   concent ra t ions  

between 20 and  100  mg/kg, are common and p a r t i c u l a r l y   a r o u n d   t h e  Vancouver 

a rea ,   o f ten   g rea ter   than  100 mg/kg,  and rang ing   f rom  160  to  1400 mg/kg 

( G a r r e t t  , 1981) .   In   V ic to r ia   Harbour   va lues   range  f rom  129  to  279  mg/kg 

(Goyette,   unpubl ished).  

Z inc  

Based on t h e  1978 d a t a   t h e   n a t u r a l   z i n c   l e v e l s   i n   t h e  A1 i c e  A r m  

area,  appear t o  range  between  91  and 135  mg/kg, d r y  w t .  (x=115  mg/kg). 

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   l e v e l s   r a n g e d   f r o m  170 t o  373  mg/kg, 

(x=242  mg/kg). I n  1980, the  average  sur face  concentrat ion was 224  mg/kg. 

Z inc   va lues   repor ted   in   sed iment   f rom  the   A l i ce  A r m  dra inage  bas in 

averaged 176  mg/kg (Table  4).  Near Anyox, t he   z inc   concen t ra t i ons  were 

s u b s t a n t i a l l y  above  background,  ranging  between 2000  and  2385  mg/kg 

( 0  - 22 cm c o r e   d e p t h ) .   I n   o t h e r   i n d u s t r i a l   a r e a s   a l o n g   t h e  B.C. coast  

values  f rom 246  mg/kg, d r y  wt. ( V i c t o r i a   H a r b o u r )   t o  9910  mg/kg (Vancouver 

Harbour)  have been ob ta ined   (Gar re t t  , 1981). 

Cadmi um 

I n  1978 concentrat ions  found  in   sediment   samples  taken  outs ide 

A l i c e  A r m  and away f r o m   t h e   i n f l u e n c e   o f  Anyox sugges t   t ha t   t he   na tu ra l  

concentrations  range  between 1.0 and 2.0 mg/kg. W i t h i n   t h e  B.C. 

Molybdenum d e p o s i t s   i n   A l i c e  A r m  concentrat ions  ranged  between 3.8 and 
43.0 mg/kg w i t h  an average i n   t h e   c o r e  samples o f  13.6  mg/kg. The l a t t e r  

va lue was s i m i l a r   t o   t h o s e   f o u n d   b y   b o t h   t h e  UBC and EPS l a b o r a t o r i e s   f o r  

t h e  B.C. Molybdenum t a i l i n g s   ( T a b l e  1). I n  1980 the   concen t ra t i ons  

o v e r a l l ,  we re   l ower .   Su r face   concen t ra t i ons   ou ts ide   t he   t a i l i ngs  

depos i t ion   a rea  were  be low  the  detect ion limit o f  0.56 mg/kg  and w i t h i n  
the  deposi ts   averaged  approx imate ly  2.5 mg/kg. It i s   n o t  known whether 

the   l ower   va lues   f ound   i n  1980  were t h e   r e s u l t   o f  changes  over  t ime  or due 

t o   a n a l y t i c a l   v a r i a t i o n  between t h e  UBC (1978)  and EPS (1980) 

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

S t a t i o n  A15 (Anyox) i n  '1980 were  lower  than  the same l o c a t i o n   i n  1978 by 

about 17.0  mg/kg. Cadmium l e v e l s   i n   s e d i m e n t   f r o m   t h e   A l i c e  A r m  dra inage 
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basin  have  not been repo r ted .   K i t sau l t   R i ve r   sed imen t  and  samples f rom 

the   nea rby   es tua ry   i n  1980  ranged  between L0.54  mg/kg  and 0.97 mg/kg. 

A n a l y s i s   o f   t h e   K i t s a u l t   o r e  body showed an average o f   5 1  mg/kg (Table  4) .  

Dobrocky  Seatech  (1981,)  report cadmuim c o n c e n t r a t i o n s   i n   A l i c e  A r m  o f  1.5 

t o  11.2  mg/kg  and 0.19 t o  1.6 mg/kg, o u t s i d e   t h e   a r e a   o f   t a i l i n g   d e p o s i t s .  

I n   t h e  1978 core  samples  from Anyox ( S t a t i o n  A-15) concent ra t ions  were 

between 24 and 29 mg/kg. I n   o t h e r   i n d u s t r a l i z e d   a r e a s   a l o n g   t h e  B.C. 
coas t   va lues   a re   genera l l y   lower   than  those  repor ted   fo r  A1 i c e  Arm, 

rang ing  between 1 and 5 mg/kg. A few  areas  exceed t h i s ,  such as Vancouver 

Harbour   wi th  up t o   3 1  mg/kg (Gar re t t ,   1981) .  

Radio isotope ( U ,  Ra 226, Pb 210, Th 230) 

Publ ic   concern has  been expressed  over   the  poss ib le   rad ium - 226 

contaminat ion  f rom  the new K i t s a u l t  m ine .   Ana lys is   o f   four  samples  taken 

i n  1978,  one core  f rom known B.C. Molybdenum depos i ts  and  one core  f rom 
f rom  Hast ings Arm, as a cont ro l ,   a long  w i th   two  sur face   g rabs   i ,n   A l i ce  

A r m  fo r   add i t i ona l   backg round   da ta  showed no  evidence  of   contaminat ion.  

I n   f a c t ,   c o n c e n t r a t i o n s   f o u n d   t h e   p o r t i o n   o f   t h e   c o r e  sample  considered 

t o  be a l m o s t   e n t i r e l y   t a i l i n g s   f r o m   t h e  B.C. Molybdenum opera t ion  

( S t a t i o n  A-5, 20-22 cm), were  lower  than  those  reported i n   t h e   A l i c e  A r m  

and Nass River  basin  sediment and the   core  sample  from  Hastings A r m  

(Table 4). 

Molybdenum 
From an env i ronmenta l   s tandpoint  molybdenum  does not   appear   to  

represent  any major  concern. However, as it i s  a major  element i n   t h e  

K i t s a u l t   o r e  body,  molybdenum  can prov ide  a means o f   de te rm in ing   t he  

d i s t r i b u t i o n   o f   t h e   t a i l i n g s   i n   A l i c e  Arm. The molybdenum con ten t   o f   t he  

sed iment ,   coup led   w i th   concent ra t ions   o f   the   o ther   ma jor   t race   meta ls  

c o n t a i n e d   i n   t h e   t a i l i n g s ,  can be used t o   d e t e r m i n e   t h e   t a i l i n g s  

d i s t r i b u t i o n   l o n g   b e f o r e  any v i s u a l   e v i d e n c e   i s   a v a i l a b l e .   A n a l y s i s   f o r  

molybdenum was no t  done on t h e  1978 core  samples. However, i n  1980, 

concent ra t ions   in   sur face   sed iments   f rom  A l i ce  A r m  ranged  between 27.1 and 

152.0 mg/kg, w i t h  an average o f  86.0  mg/kg (Table  3). The presence  of  

molybdenum was c o n s i d e r e d   t o   d e f i n e   t a i l i n g s   d i s t r i b u t i o n   ( S e c t i o n  3.1.3). 
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Natura l   sediments  outs ide  th is   area  were  be low  the  detect ion limit o f  18.5 
mg/kg. Dobrocky  Seatech  (1981)  reports  values  of 5 t o  32 mg/kg obta ined 

o u t s i d e   t h e   t a i l i n g s   d e p o s i t i o n   a r e a  and  from 27 t o  387 mg/kg, w i t h i n   t h e  

t a i l i n g s  area.  Values  reported  f rom  the  Al ice A r m  drainage  basin  averaged 

7.9 mg/kg (Table 4 ) .  Sta t ions   wh ich  were  below  the  detect ion limit were 

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

f r i n g e ,  eg. S t a t i o n s  EE and A-17, (Appendix 4-B), l ead   concen t ra t i ons  

i n d i c a t e d  some t a i l i n g s   p r e s e n t   d e s p i t e   l o w  molybdenum l e v e l s .  

N icke l  
N i c k e l   i s   n o t  a major  element i n   t h e   K i t s a u l t   o r e   b u t  it i s   w o r t h  

n o t i n g   t h a t ,  where t a i l i n g s  dominated  the  marine  sediment,  concentrat ions 

were  lower  than  the  natural   sediment.   Within  the B.C. Molybdenum depos i ts  

nickel   concentrat ions  ranged  between 13.7 and 40.0 mg/kg. Outside,  values 

ranged  between 38.2 and 51.3 mg/kg. This  was a lso   apparent   in   the   1980 
sur face  samples f o r   b o t h   n i c k e l  and  chromium. 

3.2 B i o t a  
Increas ing  the  t race  meta l   content   o f   the  mar ine  sediment   poses a 

number o f   p o t e n t i a l l y   h a r m f u l   e f f e c t s .   S h o u l d   c e r t a i n   m e t a l s   l e a c h  

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

be ex t rac ted ,   by   t he   d iges t i ve   sys tem,   f o l l ow ing   i nges t i on ,   l e tha l   o r  

s u b l e t h a l   t o x i c i t y   c o u l d   d e v e l o p .  Under cer ta in   c i rcumstances   meta ls  can, 
w i t h o u t   b e c o m i n g   a c u t e l y   t o x i c   t o   t h e   i n d i v i d u a l ,  be sequestered  or 

bioaccumulated i n   s p e c i f i c   t i s s u e s ,  where i f  the  organism i s  consumed,  can 

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

the   f ood   cha in .   Th i s   repo r t   cons ide rs   on l y   t he   e f fec t  o f  b ioaccumulat ion 

w i t h  emphasis on t i s s u e s   f r e q u e n t l y  used f o r  human consumption. It does 

not  address, t o  any grea t   ex ten t ,  changes i n   t h e   t o t a l  body  burden  nor 

e f f e c t s  on the   ind iv idua l   o rgan ism.  These aspects  should be examined i n  

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

m ine ra l i zed   a rea  and a t   l eas t   two   p rev ious   ope ra t i ons   have   s ign i f i can t l y  

i n c r e a s e d   t h e   t r a c e   m e t a l   c o n t e n t   ( p a r t i c u l a r l y  Cu,  Pb,  Zn, Cd and Fe)  of 

surrounding  sediment i n   r e l a t i o n   t o   t h e   n a t u r a l  background. I n   A l i c e  A r m  
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t h i s   r e p r e s e n t s  a zone o f  some 8-10 km and a t  Anyox inc ludes  Granby Bay 

and  approaches.  This  raises a number o f   q u e s t i o n s   i n   p r e p a r a t i o n   f o r  

m o n i t o r i n g  any  impact t h a t  may occur   f rom  the new K i t s a u l t  mine. What a re  

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

m i n e r a l i z a t i o n   i n   t h e   a r e a ?  Do t h e s e   d i f f e r   s i g n i f i c a n t l y   f r o m   o t h e r  

undisturbed  areas and  have the  prev ious  operat ions  caused an 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   i n  any g iven  spec ies?   Th is   in fo rmat ion   a lso  

prov ides  a base l ine  on w h i c h   t o  measure  any  changes r e s u l t i n g   f r o m   t h e  new 

K i t s a u l t   o p e r a t i o n  and t h e   p o t e n t i a l   r i s k   o f   m e t a l   u p t a k e   o c c u r r i n g   i n  any 

p a r t i c u l a r   s p e c i e s .  

Table 5 presents  a comparison o f   t h e  mean t race   me ta l  

c o n c e n t r a t i o n s   f o u n d   i n   t i s s u e  samples  taken  f rom  Al ice A r m  and Hast ings 

A r m  between  1977  and  1980  and f o u r   c o a s t a l   c o n t r o l   s i t e s  sampled i n  1981. 

The mean and  s tandard   dev ia t ion   fo r   each  sampl ing   per iod  and s t a t i o n   a r e  
given, by species,   in  Appendices 7 A-D and 8 A-D. Raw data a re  g i ven  i n  

Appendic ies 9 A-D and  10 A-D. Figures  16 t o  21 present  a s e r i e s  o f  

histograms  which show t h e  mean t race   me ta l  (Cu,  Pb, Zn,  Cd and As) 

concent ra t ions   found  in   se lec ted   spec ies .  

Resu l t s   a re   g i ven   i n   d ry   we igh t .  Wet t o   d r y   r a t i o s  have  been 

g i v e n   f o r   t h o s e   w i s h i n g   t o   c o n v e r t   t o  wet  weight  which i s   o f t e n  used. I n  

Appendices 9 and  10 a l l  v a l u e s   b e l o w   t h e   l a b o r a t o r y   d e t e c t i o n   l i m i t s   a r e  

g iven as l ess   t han  (L). For   the   purpose  o f   the  summary s t a t i s t i c s   g i v e n  

i n  Appendices 7 and 8 a l l  less   than  va lues  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 r e a t e d  as a r e a l  number, eg. L0.5 mg/kg equals 0.49 

mg/kg 
The h ighes t   t i ssue  meta l   concent ra t ions   were   found  in   musse ls  

( M y t i l u s   e d u l i s )  and  a lga  (Fucus  d is t ichus)   taken  near  Anyox i n  1978 

(Table 5, Figures  16 and  17).  Copper and z i n c   c o n c e n t r a t i o n s   i n   b o t h  

s p e c i e s   w e r e   s u b s t a n t i a l l y   h i g h e r   a t   a l l   s t a t i o n s  sampled  near Anyox than 

i n   e i t h e r   H a s t i n g s  A r m  o r   A l i c e  Arm. The exact  source  of   copper and z i n c  

i s   p r e s e n t l y  unknown. As m e n t i o n e d   e a r l i e r ,   t h e   o r e  a t  Anyox i s  
s u s c e p t i b l e   t o   b a c t e r i o l o g i c a l   l e a c h i n g .   C o n t a m i n a t i o n   c o u l d   o r g i n a t e  

from  mine  drainage  water  which  f lows  into  Granby Bay, d i s s o l u t i o n   o f  

me ta l s   con ta ined   i n   t he   s lag   wh ich   ex tends   i n to   t he   wa te r   o r   up take  
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t h r o u g h   i n g e s t i o n   o f   s l a g   p a r t i c l e s   i n   t h e   c a s e   o f   m u s s e l s .   E l e v a t e d  

concent ra t ions  were  found i n   M y t i l u s   e d u l i s   f r o m   S t a t i o n   L - 7 8   w h i c h   i s  

some d is tance  f rom  the   s lag   p i le .   Seeming ly   the   d is tance  wou ld  be t o o  f a r  

f o r   t h e  cause t o  be i n g e s t i o n   o f   s l a g   p a r t i c l e s   a l t h o u g h  some have  been 

o b s e r v e d   f l o a t i n g   a r o u n d   t h e  edge o f   t h e   p i l e   d u r i n g  an i ncoming   t i de .  

Mussels   f rom  Al ice A r m  showed s l i g h t l y   h i g h e r   l e a d ,  cadmium  and i r o n  

l e v e l s   i n   c e r t a i n   l o c a l i z e d   a r e a s .  The leve ls   a re   no t   cons ide red  

s i g n i f i c a n t   t o   r e p r e s e n t  a t rend   bu t   shou ld   con t i nue   t o  be moni tored 

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

I n   t h e  1978  samples, l e a d  and  copper   concentrat ions  in   Yold ia  

t rac iaeformis/montereyensis  f r o m   A l i c e  A r m  (Trawl  A-1)  were  higher  than 

Hast ings A r m  (Table 5) .  W i th   t he   excep t ion   o f   a rsen ic   l eve l s   i n   La redo  

Sound, a l l   c o n c e n t r a t i o n s   f r o m   b o t h   A l i c e  A r m  and Hast ings  A r m  were w e l l  

above  those  ob ta ined  f rom  the   con t ro l   s i tes .  The sample s i z e   f r o m   t h e  

A l i c e  A r m  area  however, i s  t o o  s m a l l   f o r   a n y   d e f i n i t e   c o n c l u s i o n .  Any 

t r e n d s   i n   t h i s   a r e a  will be apparent as more d a t a   i s   c o l l e c t e d   t h r o u g h  

mon i to r ing   p rograms  cur ren t ly   underway.   Ana lys is   o f   shr imp  musc le   t i ssue 

i n  1978 showed s l i g h t l y   h i g h e r   c o p p e r   l e v e l s   o f f  Anyox and T r a w l  A-2 

( m i d d l e   o f   A l i c e  A r m )  than  Has t ings  A r m  f o r   t h e  same per iod.  Similarly i n  

1980, l e a d   c o n c e n t r a t i o n s   i n  samples  from A l i c e  A r m  were s l i g h t l y   h i g h e r  

than  outside  (Trawl  A-3).   Trawl A-3 i s   a t   t h e   e n t r a n c e   t o   A l i c e  A r m  and 

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

s l i g h t  and n o t   c o n s i d e r e d   s u f f i c i e n t   t o   i n d i c a t e  any s i g n i f i c a n t   t r e n d  

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

o p e r a t i o n .   Z i n c   c o n c e n t r a t i o n s   i n   t i s s u e   w e r e   s i m i l a r   b o t h   i n s i d e  and 

o u t s i d e   A l i c e  Arm, i n c l u d i n g  Anyox,  where  sediment  contains  very  high 

concent ra t ions   (over  1700  mg/kg). I n  shr imp  muscle  t issue,  arsenic,   which 

i s   n o t  a major  element i n   t h e  B.C. Molybdenum ore, was h ighe r   ou ts ide  

A l i c e  Arm (Trawl  A-3)  both i n  1978  and  1980. The Brown k ing   c rab ,  Crangon 

shr imp  and  mixed  species  of   sole showed no  apparent  d i f ferences  between 

trawl s i t e s .  Sample s i z e   i s   l i m i t e d  and i n   t h e  case o f  so le ,  it was 

d i f f i c u l t   t o   o b t a i n   s p e c i e s  common t o  all s t a t i o n s .  It i s  apparent  from 

the   da ta  on s o l e   t h a t   d i f f e r e n c e s  can  occur,   natural ly,   between  species 

(F igure   21) .  
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3.2.1 Base l ine   Concent ra t ions   o f   the   Ma jor   T race  Meta l  

Th i s   sec t i on  compares r e s u l t s   o b t a i n e d   d u r i n g   t h i s   s t u d y   w i t h  

o ther   sources   o f   in fo rmat ion   to   es tab l i sh   "normal "   base l ine   ranges   fo r  

t i ssue   t race   me ta l   concen t ra t i ons   i n   mar ine   o rgan isms  sampled i n   A l i c e  

Arm. F i r m  base1 ine   l eve l s   a re   impor tan t   be fo re   any   t rends  due t o   t h e  

K i t s a u l t   o p e r a t i o n  can be m o n i t o r e d   e f f e c t i v e l y   p a r t i c u l a r l y ,   s i n c e   A l i c e  

A r m  has  been s u b j e c t   t o   p r e v i o u s   m i n i n g   a c t i v i t y .  

Table 6 presents  a comparison o f   t i s s u e  data c o l l e c t e d   d u r i n g  

t h i s   s t u d y  and add i t iona l   sources ,  on A l i c e  A r m  and o t h e r   l o c a t i o n s .  All 

t i s s u e   d a t a   c o l l e c t e d   o u t s i d e   t h e   A l i c e  A r m  s i 1  1 ( i e .   S t a t i o n s  A-3, H-1  t o  

H-3)  have  been included  under  Hast ings Arm. Those c o l l e c t e d   i n s i d e   ( i e .  

A - 1  and  A-2) ,   f rom  the  ta i l ings  deposi ts ,   have been grouped  together  under 

A l i c e  Arm. Anyox samples  have  been t r e a t e d   s e p a r a t e l y .   D a t a   l i s t e d   u n d e r  

Q u a t s i n o  Sound (1978-79)  have been taken  f rom  sample   s i tes   loca ted  beyond 

any d i r e c t   e f f e c t  f rom  the   Is land Copper  mine  which  discharges i n t o   t h e  

a d j o i n i n g   R u p e r t   I n l e t .  It has been assumed t h a t   d a t a   c o l l e c t e d   i n   A l i c e  

A r m  i n  1980  represents   p re-d ischarge  base l ine   leve ls ,   a l though  tes ts  on 

water  samples  from  Lime  Creek i n  1980 d i d  show r e l a t i v e l y   h i g h   p a r t i c u l a t e  

meta l   concentrat ions compared to   o ther   f reshwater   sources  ( P a r t  11, Hinder 

and  Goyette,  1982).  This may be due t o   r u n   o f f   f r o m   c o n s t r u c t i o n   a c t i v i t y  

a t  t h e   K i t s a u l t  mine  which was underway du r ing   t he   su rvey .  

B i v a l  ves 
B i v a l v e s   a r e   r e l a t i v e l y   f i x e d   i n   t h e i r   l o c a t i o n  and be ing  

pa r t i cu la te   f eeders ,   can   se rve  as u s e f u l   i n d i c a t o r s   o f   m e t a l   u p t a k e .  

Spec ies   se lec ted   f o r   t i ssue   ana lys i s   were   ma in l y   Yo ld ia   t ranc iae fo rm is / -  

montereyensis, a s u b t i d a l   f o r m  and Myt i lus   edu l i s ,   wh ich   occurs  

i n t e r t i d a l l y .  

A n a l y t i c a l   r e s u l t s  can be b iased  by   sed iment   par t i c les  and 

zooplankton i n   t h e   g u t  and s h e l l   c a v i t y ,   p a r t i c u l a r l y   i n   Y o l d i a  sp. which 

1 i ves i n   c l o s e   c o n t a c t  with the  sediment.   This  b ias  can be reduced by 

wash ing   t he   t i ssue   samp les   be fo re   ana lys i s  as was done i n  1978 o r  

p r e f e r a b l y   p u r g i n g   f o r  24 hours i n   c lean   seawate r   wh ich  was done w i t h   t h e  

1980-81  samples.  Caution  however,  should s t i l l  be exerc ised when 
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in te rp re t i ng   resu l t s .   T i ssue   concen t ra t i ons   exceed ing   backg round   l eve l s  

in   the   sur round ing   sed iment ,   can   w i th   reasonab le   assurance,  be taken as 

ev idence  o f   meta l   uptake.  

Yo ld ia  th rac iae formis /montereyens is  

The smal l  number o f   i n d i v i d u a l  samples  taken i n  A1 i c e  A r m  and 

Hast ings  Arm, p r i o r   t o   o p e n i n g   o f   t h e   K i t s a u l t   m i n e ,  does no t   pe rm i t  a 

def in i te  comparison  between  the  two  areas.  In  1978  samples  were  obtained 

f r o m   t w o   t r a w l s   i n   A l i c e  A r m  ( A - 1  and  A-2)  and one i n   H a s t i n g s  A r m  (H-2). 

Ana lys i s  was l i m i t e d   t o  a composite  sample o f  20 i n d i v i d u a l s   f r o m  each 

s i t e .   T i ssue   concen t ra t i on   f rom  these   t h ree   l oca t i ons   were :  

mg/kg, d r y  w t  . 
- cu Pb - Zn  Cd  As Mo - 

292-435  L4.4-60.0  681-788 13.4-19.3  46.6-56.6  L6.9-L7.3 
- - - 

Copper, cadmium and t o  some extent ,   lead  were  h igher   than  samples  f rom 

Laredo Sound. Converse ly ,   a rsen ic   concent ra t ions   were   h igher   in   Laredo 

Sound. Resul ts,   based on n i n e   i n d i v i d u a l s   f r o m   L a r e d o  Sound analyzed 

i n d i v i d u a l l y  were as f o l l o w s :  

mg/kg, d r y  w t  . 
- cu - Pb - Zn  Cd As Mo - - - 

54.7 8.83 613.4 1.77 106.9 2.31 

(39.4-63.8)  (5.05-11.6)  (514-879)  (1.33-2.26)  (86.3-134.0)  (1.73-3.00) 

As Laredo Sound i s   w e l l  removed f r o m   a n y   i n d u s t r i a l   i n f l u e n c e  

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

Dobrocky  Seatech  (1981)  reports mean c o n c e n t r a t i o n s   f o r   l e a d ,  cadmium, 

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

A l i c e  A r m  as 39.6, 6.97, 36.7 and 15.2 ppm, r e s p e c t i v e l y .  
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Further  sampl ing i s  needed t o   e s t a b l i s h   p r e c i s e   b a s e l i n e  

concent ra t ions   fo r   Yo ld ia  sp. and t o  determine i f  purging  techniques  are 

adaquate to   e l im ina te   con taminat ion   f rom  sed iment   adher ing   to   the   t i ssue.  

M y t i l u s   e d u l i s  

From t h e  1977-78 r e s u l t s ,   u s i n g   s t a t i o n s  removed 

d i r e c t   e f f e c t   f r o m   e i t h e r  Anyox o r   t h e  B.C. Molybdenum t a  

the  basel ine  concentrat ions  for   mussels   range as f o l l o w s :  

from any 

i 1 i ngs depos i t s  

mg/kg, d r y  w t  . 
cu Pb Zn - Cd - As Mo - - - - !!9 - Fe 

9-15 L1.0 30-90 3.0-5.0 L7.0-9.0 L7.2 LO.09-0.12 200-1000 

Dobrocky  Seatech  (1981)  found s i m i l a r  average  values  of 3.89 

mg/kg f o r  Cd and 9.23 mg/kg f o r  As i n  some 76 samples  taken  throughout 

A l i c e  Arm. Lead i n  most  samples was below a de tec t i on  limit o f  2.5 mg/kg 

and f o r  molybdenum, a l l  samples  were  below the   de tec t i on  limit o f  5.0 

mg/kg. Table 5 shows bas i ca l l y   s im i l a r   va lues   repo r ted   f rom  the   Qua ts ino  

Sound area  and  o ther   locat ions.  

L i t t lepage  (1978)   repor ts  somewhat higher  average  metal   levels 
i n  mussels  f rom  Al ice A r m  as f o l l o w s :  

mg/kg, d r y  w t  . 
- cu Pb Zn  Cd - - - 

20.7t2.3 - 18.8+2.7 - 129t10.1 - 8.1t0.6 - 
As 

NS 
- Mo 

ND 
- 
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A1 ga 

Fucus d i s t i c h u s  

Us ing   the   1977-78  da ta   f rom  s ta t ions   ou ts ide   the   impact   f rom 

e i t h e r  Anyox o r  B.C. Molybdenum t h e   n a t u r a l   b a c k g r o u n d   l e v e l s   i n  Fucus 

were  general l y  w i t h i n   t h e  range o f :  

mg/kg, d r y  w t  . 
- cu - Pb - Zn - Cd - As  Mo 4 Fe - - 

3.8-6.3 L1.O-1.5 13-31 1.2-4.2 21-27 L7.2 LO.099 13-889 

A l i c e  A r m  samples i n  1977  and  1978  ranged as f o l l o w s :  

mg/kg, d r y  w t  . 
cu - Pb  Zn - Cd  As  Mo - - - - - Fe 

3.6-8.6 L1.0-1.5  17-67 1.1-3.8 12-27 L7.2 L0.096  37-2000 

L i t t l e p a g e   ( 1 9 7 8 )   r e p o r t e d   a v e r a g e d   v a l u e s   i n  Fucus f rom A1 i c e  A r m  as: 

mg/kg, d r y  w t .  

- cu Pb  Zn  Cd - - - 
13.3t1.6 - 9.1t1.5 - 39.3+4.0 - 2.8t0.1 - 

Mo 

ND 
- 

C o n c e n t r a t i o n s   i n  Fucus f rom  Qua ts ino  Sound (Goyette,  1982)  and  elsewhere 

a r e  shown i n   T a b l e  6. 

Crustaceans - Shrimp 

One n o t i c e a b l e   f e a t u r e   i n   t h e   b i o t a   o f   A l i c e  A r m  i s   t h e  

dominance of   crustaceans.  The most  numerous  commercial  species  caught i n  

t h e   o t t e r  t r a w l s  were the  pandal id  shr imp,  Pandalus  boreal is  and 

Pandalops is   d ispar .  These  were d i s t r i b u t e d   t h r o u g h o u t   H a s t i n g s  and A l i c e  
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Arms. Pandalus  hypsinotus was on ly   cap tured   near   the   en t rance  to   A l i ce  

A r m  (A-3),   possibly because o f   the   sha l lower   depth .   In  1978 r e s u l t s  were 

based on analys is   o f   composi te  samples c o n s i s t i n g  o f  10-20 i n d i v i d u a l s .  

I n  1980 and 1981, up t o  15 i n d i v i d u a l s   p e r   s t a t i o n  were analyzed 

i n d i v i d u a l l y .   T i s s u e  samples c o n s i s t e d   p r i m a r i l y   o f   t a i l  muscle  but on 

occassion,  whole  animals were  used. Analysis  of   whole  animals  usual ly 

r e s u l t e d   i n   h i g h e r   l e v e l s   o f  Cu,  Cd and Fe. 

Panda1 us  boreal i s  

Using  the 1978 and 1980 data  f rom  Al ice A r m  and t h e   c o n t r o l  

s i tes  the  natura l   concentrat ions  in   shr imp  muscle  t issue  genera l ly   ranged 

as f o l  1 ows : 

mg/kg, dry w t  . 
- cu - Pb - Zn  Cd As Mo !%! Fe - - - - 
9-30 LO.05-0.6  45-70  LO.05-0.5  15-200  L0.2  0.09-0.2 9-50 

S i m i l a r   r e s u l t s  were obta ined  for   the  s idest r ipe  shr imp,   Pandalops is  

d ispar .  

It should be noted  that   the  copper   concentrat ions  in   the 1980 
and 1981 samples from A1 i c e  A r m  and t h e   c o n t r o l   s i t e s  were no t iceb ly   lower  

than  previous samples. This was not  apparent i n   t h e   o t h e r   m e t a l s  and 

thought t o  be due t o  some s a m p l i n g   o r   l a b o r a t o r y   a r t i f a c t ,   s p e c i f i c   t o  

copper. A subsequent i n t e r - l a b o r a t o r y   t i s s u e  exchange  program  between t h e  

EPS laboratory,  Dobrocky  Seatech and an independent  commercial  lab., 

i nd i ca tes   t ha t   t he   l ower  1980-81 values more c l o s e l y   r e f l e c t   t h e   t r u e  

concent  rat ion.  
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L i t t l e p a g e  (1978) repo r t s   ave rage   t race   me ta l   l eve l s   i n   sh r imp  

m u s c l e   t i s s u e   f r o m   A l i c e  A r m  as: 

mg/kg, d r y  w t  . 
- cu Pb  Zn  Cd Mo - - - - 
4 2 . M  - .3 3.9t0.4 - 53.4+5.1 - 1.0+0.1 ND - 

L e v e l s   r e p o r t e d   f o r  Cd and As by Dobrocky  Seatech (1981) averaged 0.32 

mg/kg  and 45.9 mg/kg, respect ive ly   for   shr imp  samples (52) c o l l e c t e d   i n  

A l i c e  Arm. Both  lead  and molybdenum  were  below t h e   d e t e c t i o n  limit. 

(2.5 mg/kg  and 5.0 mg/kg). 

T i s s u e   l e v e l s   i n   s h r i m p  (P. - b o r e a l i s  and - P. d i s p a r )   c a u g h t   i n  

Alaskan  waters (NOAA, 1978) w e r e   s l i g h t l y   h i g h e r   f o r   l e a d  and l o w e r   f o r  

a rsen ic   (Tab le  6). O the r   me ta l s   a re   genera l l y   comparab le   t o   t he   base l i ne  

l e v e l s   e s t a b l i s h e d   f o r   A l i c e  Arm. 

Crangon communis 

S i x  samples ( t a i  1 on ly )   taken  near   the   mouth  o f  A1 i c e  A r m  (T raw l  

A-3) i n  1978 ranged as f o l l o w s :  

mg/kg, d r y  w t .  

cu Pb Zn Cd As 

31.9-79.5 L4.2 10.5-83.6 LO.7-1.2 21  -62 
-. - - - - 

C o n c e n t r a t i o n s   i n  Chatham  Sound and  Laredo Sound ranged as 

f o l l o w s :  
mg/kg, d r y  w t  . 

- cu Pb  Zn  Cd - - - 
43-89  L0.05-1 .O 45-82 0.4-5.2 

Crab 

H a s t i  

As - 
27-60 

L i thodes   aequ isp ina  - Brown k i n g   c r a b  

The Brown k i n g   c r a b   i s   d i s t r i b u t e d   t h r o u g h o u t   A l i c e  A r m  and 

ngs Arm. A l t h o u g h   t h e   t o t a l  number o f  samples  taken i n  1978 and 
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1980 i s  somewhat r e s t r i c t e d  no apprec iab le  d i f ferences  between  meta l  

l e v e l s  were  found i n   t h e   m u s c l e  samples i n   A l i c e  A r m  and Hast ings  Arm. 

Comparing  the 1979 and 1980 r e s u l t s   b o t h   A l i c e  A r m  and Hast ings  A r m  t h e  

musc le   t i ssue  meta l   leve ls   range as f o l l o w s :  

mg/kg, d r y  w t  . 
- cu - Pb - Zn - Cd - As Mo !!!I Fe - - 
25-92 LO.05-0.12 179-215 0.05-0.80 49-141 L0.2 L0.09-0.463 9-30 

L i t t l e p a g e  (1978) r e p o r t e d   a v e r a g e   m e t a l   l e v e l s   i n   s i x  Brown 

k i n g   c r a b   f r o m  A1 i c e  A r m  as : 

mg/kg, d r y  w t  . 
- cu - Pb  Zn  Cd Mo - - - 
147.9+11.3 - 1.8+0.6 - 216+6.7 - 0.3+0.03 - 1.2+0.13 - 

The A laskan  k ing   c rab   (Para l i thodes   camschat ica)   i s   p resent   bu t  

f rom  submers ib le   observat ions and o t t e r   t r a w l s  seems t o  be l a r g e l y  

c o n f i n e d   t o   t h e   e n t r a n c e   o f   A l i c e  and Hast ings  arms. L e v e l s   f o r   t h e  

A laskan  k ing   c rab  (NOAA, 1978) have  been repor ted  as:  

mg/kg, d r y  w t  . 
- cu - Pb  Zn - Cd  As & Fe 
20-152 0.36-78 162-768 

- - 
0.06-2.3 14-66 - 0.12-1.4 - 

- 

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

concen t ra t i ons   i n   k ing   c rab   musc le   t i ssue   wh ich   a re  much h ighe r   t han  many 

o ther   spec ies .  
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Ch ionoece tes   ba i rd i  - Tanner  crab 
" 

Tanner  crabs  were  only  sampled i n  1980. Two samples,  one  from 

A l i c e  A r m  and  one f rom  Hast ings A r m  were as f o l l o w s :  

mg/kg, d r y  w t  . 
- cu Pb  Zn  Cd  As Mo - - - - - 
57.9, 53.7 1.0,l.O  131.0,116.0  0.2,0.2  56.0,lll.O L0.2,LO.Z 

L i t t l e p a g e  (1979) repo r t s   ave rages   i n  6 Tanner   crab  f rom  Al ice A r m  as:  

mg/kg, d r y  w t .  

- cu - Pb  Zn  Cd  As Mo - - - - 
50.5+5,1 - 0.8t0.09 - 212.3t23.1 - 0.8t0.15 - - ND 

F i s h  

Sol e , F1 ounder 

From t raw l   ca tches  and  submersible  observat ions  sole  are  most 

abundant  near  the  head  and  entrance  of   Al ice Arm. U n f o r t u n a t e l y ,   t h e  

species  caught i n  1980 a t   t h e   e n t r a n c e   t o   A l i c e  A r m  d i f f e r e d   f r o m   t h o s e  

caught   near   the  head  and  the  to ta l  number o f  samples i s   t o o   s m a l l   t o  make 

d e f i n i t e   s t a t e m e n t s   r e g a r d i n g   m e t a l   l e v e l s   i n   t h e   m u s c l e   t i s s u e .  A few 

general  statements  however,  can be  made. Copper l e v e l s   i n   a l l   s p e c i e s   o f  

s o l e  were s u b s t a n t i a l l y   b e l o w   t h e   l e v e l s   f o u n d   i n  most   inver tebra tes .  

This   would be expected  s ince  copper i s  a major  component i n   t h e   b l o o d  of  

many i n v e r t e b r a t e s  eg. c rus taceans.   Lead  concent ra t ions   a re   genera l l y  

below a d e t e c t i o n  limit o f  0.05 mg/kg, d r y  w t .  Similarly, cadmium was 

genera l l y   be low 0.05 mg/kg. Z inc ,   a rsen ic   and  i ron   were   a lso   be low 

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

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

s i t e s   i n  Chatham, Laredo  and  Quatsino Sounds  ranged as f o l l o w s :  
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L i t t l e p a g e  (1978) repo r ted   ave rages   i n  15 y e l l o w   f i n   s o l e  (Limanda  aspera) 

f r o m   A l i c e  A r m  as: 

cu  
23.3+2.1 - 

- 
mg/kg, d r y  w t  . 

Pb  Zn Cd As - - - - 
13.8+2.4  92.4t7.6  LO.9+2.0 - - - - 

Mo 

ND 
- 

T h e s e   v a l u e s   a r e   h i g h e r   t h a n   r e s u l t s   o b t a i n e d   i n   t h i s   s t u d y  however, 

ye1  low f i n   s o l e  have  not been captured   dur ing  any o f   t h e   t r a w l   s u r v e y s   t o  

date. 

Theragra  chal  cogramma - p o l  1 ock 

Muscle  samples  f rom  Wal leye  pol lock  were  col lected i n  A1 i c e  Arm, 

Has t ings  A r m  and a s i n g l e  sample  from  Anyox i n  1978 and  f rom  A l i ce  A r m  i n  

May, 1980. None were  captured  f rom  the  control   areas  sampled i n  1981. 
There  were  no  major  d i f ferences  between  t issue  samples  f rom  Al ice A r m  

compared t o   t h o s e   t a k e n   i n   H a s t i n g s  Arm. The c o n c e n t r a t i o n s   i n   b o t h   A l i c e  

and  Hast ings A r m  1978-1980 ranged as f o l l o w s :  

mg/kg, d r y  w t  . 
- cu - Pb - Zn  Cd AS Mo - - - 4 Fe - 
2.8-15.7  0.2-0.24  18-45  LO.05-0.23  12-42 L7.1 0.11-0.25  18-144 

With t h e  excep t ion  o f  a somewhat lower  range i n  a r s e n i c  l e v e l s ,  t i s s u e  

c o n c e n t r a t i o n s   w e r e   b a s i c a l l y   s i m i l a r   t o   t h e   s o l e .   T a b l e  6 shows metal  

l eve l s   f ound  i n  po l   lock   f rom  Quats   ino  Sound  and  Alaskan  waters. 
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3.2.2 Summary o f   T i ssue   T race   Me ta l s  

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

A r m  area it i s  o b v i o u s   t h a t   t h e   m i n i n g / s m e l t i n g   o p e r a t i o n  a t  Anyox  has  had 

a marked  impact on the   copper  and z i n c   l e v e l s   i n   m u s s e l s  (Myti l u s   e d u l   i s )  

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

shr imp  muscle  might  a lso  have  occurred as a r e s u l t   o f   h i g h   c o p p e r   b e a r i n g  
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waste  f rom Anyox b u t   f u r t h e r   s t u d y   i s   r e q u i r e d .  Whether t h e   s o u r c e   o f  

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

l each ing ,   up take   f rom  pa r t i cu la tes   o r   bo th  has y e t   t o  be de f ined.  

A1 t h o u g h   i n  some cases   meta l   leve ls   tended  to  be s l i g h t l y   h i g h e r  

i n  samples  f rom  upper  Al ice A r m  ( A - 1  and  A-2)  there was no i n d i c a t i o n   o f  

any  marked  increase  that   could be d i r e c t l y   a t t r i b u t e d   t o   t h e   p r e v i o u s  B.C. 

Molybdenum opera t i on .   Me ta l   l eve l s   p resen t   i n   t he   su r face   sed imen ts   a t   t he  

t ime  these  s tud ies   were   under taken  in  most  cases  would be s u b s t a n t i a l l y  

l ower   t han   expec ted   du r ing   t he   ope ra t i ng   s tage   o f   bo th   t he  B.C. Molybdenum 

and t h e  new K i t s a u l t  m i n e .   F u t h e r   m o n i t o r i n g   o f   t i s s u e   m e t a l   l e v e l s  will 

be  requ i red   t o   de te rm ine  i f  s i g n i f i c a n t   m e t a l   u p t a k e   o c c u r r s   i n   t h e   v a r i o u s  

s p e c i e s   p r e s e n t   i n   A l i c e  A r m  under   ope ra t i ng   cond i t i on .  

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

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

n a t u r a l   t i s s u e   l e v e l s .  On excep t ion  maybe t h e   b i v a l v e ,   Y o l d i a  x., which 

con ta ined  

cadmium, i 

t h e   t h r e e  

neccesary 

d i f f i c u l t i  

p o s s i b l y ,  

l e v e l s   i n  

much h i g h e r   m e t a l   l e v e l s ,   i n   p a r t i c u l a r   c o p p e r ,   z i n c ,  and 

n samples __. f r o m   b o t h   A l i c e  A r m  and Has t ings  A r m  than  those  f rom 

coasta l   cont , ro l   areas.   Addi t ional   s tudy,   however ,   would be 

t o   d e t e r m i n e  i f  t h i s   d i f f e r e n c e   i s   r e a l   o r  due t o   a n a l y t i c a l  

es w i th   me ta l   bea r ing   sed imen t   adher ing   t o   t he   t i ssue   samp les   o r  

contaminat ion  coming  f rom Anyox which may have a f f e c t e d   t i s s u e  

samples  f rom  Hast ing Arm. 

The present   s tudy  concentrated on t h e   e d i b l e   p o r t i o n   o f   s e l e c t e d  

species  and  does  not  address many o ther   impor tan t   spec ies   in   the   ecosys tem,  

no r  do the   da ta   address   the   e f fec ts   o f   t race   meta l   exposure  on the  organism 

i t s e l f ,  eg. m e t a l   u p t a k e   i n   s p e c i f i c  body  organs, e f f e c t s  on rep roduc t i on  

c a p a c i t y ,   t o x i c i t y   e t c .  The long  te rm  aspec ts   o f   meta l   b ioaccumula t ion  

a l s o  were  not  examined. 

E v i d e n c e   o f   m e t a l   u p t a k e   i n   M y t i l u s   e d u l i s  a t  Anyox i n d i c a t e s  

t h a t   s p e c i a l   a t t e n t i o n   s h o u l d  be p a i d   t o   b i v a l v e s ,   p a r t i c u l a r l y   t h o s e  

exposed t o   t a i l i n g s   d e p o s i t s   f r o m   t h e   K i t s a u l t  mine.  Bioaccumulat ion 

e x p e r i m e n t s   u s i n g   f i l t e r  and deposi t   feeding  spec ies  would be wor thwh i l e ,  

w i t h  emphasis on d e t e r m i n i n g   t h e   f a t e   o f   i n g e s t e d   p a r t i c u l a t e   t r a c e   m e t a l s .  
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FISHERIES  ACT 

Alice Arm Tailings  Deposit  Regulations 

P.C. 1979-1 I 12 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 (13) 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 Skeena 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". 
(6) "deposit", 
( c )  "final discharge point", 
(d) "mill process effluent". 
( e )  "mine". 
v) "Minister". and 
(8) "total suspended matter", 

sions, namely, 

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

[ I 1  

Enregistrement 
DORS/79-345 10 avril 1979 

LOI SUR LES PCCHERIES 

Reglemeot sur les rejets de  stCriles  dans  le  bras 
Alice 

C.P. 1979-1 I12 4 avril 1979 

Sur avis conforme du ministre des Piches et  de I'Environne- 
ment et en vertu des paragraphes 33( 12) et ( 1  3) et 33. l(3)  de 
la  Loi sur Ies @herits, il plait A Son Excellence le Gouverneur 
gknkral en conseil d'ttablir le Rtglement  autorisant le rejet 
dans les eaux du bras Alice d'effluents des installations  de 
prkparation 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  PREPARATION DU MINERAI 
DE LA MINE  KITSAULT,  EN 

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

Titre abrgg.' 

1 .  Le prksent rtglement peut itre  citi sous le titre: RPgie- 
ment sur les rejets de ste'riles dans le bras Alice. 

D6:jinitioru 

2. (1) Dans le present rtglement, 
.Loin designe la h i  sur les picheries; 
amine Kitsauit. dtsigne la mine situee sur Ies concessions 

minibres nm M 157 i M 191 inclusivement, (datCes du 23 
fevrier 1967 et Cmises par le ministre  des Ressources p6tro- 
litres  de la Colombie-Britannique),  toutes situies  dans la 
Division minitre  de Skeena du district de  Cassiar, en 
Colombie-Britannique. 

(2) Dans le prisent  rtglement, Ies termes  et expressions 
a) &chantillon  composite.. 
6) rrejeter., 
c) .point de rejet final., 
d) .effluents des installations de prkparation du mineraim, 
e )  miner, 
j) .Ministre.. et 
g )  amatibre totale en suspension. 

ont le sens  qui leur est attribui  dans le Riglement sur les 
effluents  liquides des mines de  mhaux. 
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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 )  Thc Meral  Mining  Liquid tyfluc.rrr KeRufations 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 I )  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; 
(b )  copper; 
(c) lead: 
(d) nickel; 
( e )  zinc; 
v) total suspended matter; 
(g)  radium 226; and 
( h )  cadmium. 

.4ufnorizafion 

5 .  Subject to the conditions set out in sections 6 to IO ,  the 
opcrator of the Kitsault Mine is hereby authorized 11, deposit 
into  the  waters of Alice Arm total suspended matter i n  a n y  
concentration  contained in  miil process effluent and the 
deleterious  substances prescribed by paragraphs 4(a) to ( e )  
and 4(g) and ( h )  contained in mill process effluent, i f  

( a )  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 
( i i )  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-aerurion and Treatmrnr 

6 .  ( I  ) Thc 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 1 0 0  m  (mean sea level). 

Application 

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

(2)  Le IGgIewwnf sur les effluents liquides des mines de 
rnitoux ne s’applique pas au rejet dans le bras Alice d’ef- 
fluents des installations de  prtparation du minerai de la mine 
Kitsault, en Colombie-Britannique. 

Substances  de‘clarees  nocives 

4. Aux fins de I’alinta c) de la dtfinition  de .substance 
nocivem, au  paragraphe 33( 1 I ) de la  Loi. sont declaries nocives 
les substances suivantes contenues dans les effluents des instal- 
lations de priparation du minerai provenant des opht ions  ou 
des prockdes de la mine Kitsault: 

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

Auforisation 

5 .  Sous riserve des conditions visies aux articles 6 2 I O ,  
I’exploitant de la mine Kitsault est autorise a rgeter les 
effluents des installations de priparation du minerai dans le 
bras Alice. peu importe leur concentration en rnatitres totales 
en suspension, ainsi que Ies substances nocives prescrites a u x  
alinias 4a) B e)  et 4g) et h )  

a )  si ces rejets sont effectuts  de  manitre que la fraction 
solide des sttriles  de ces effluents ne franchit pas vers I’ouest 
la ligne t rade  dans le sens nord-sud B la longitude 
129O39’45”O. dans le voisinage de la pointe Hans. en 
Colombie-Britannique;  et 
b)  si cette fraction solide des stkriles n’est pas rejetie 

(i) sur le fond de I’estuaire des rivitres  llliance ou Kit- 
sault. ou 
(ii)  sur le  fond du bras Alice partout 03 i l  est a moins de 
100 m sous le niveau rnoyen de la mer, sauf dans les cas 
prkvus B I’article 7 .  

DesaPration et traitement 

6 .  ( I )  Les effluents  des  installations de prkparation du 
minerai doivent etre d b a i r t s  ou autrement  traitts avant leur 
rejet dans le bras Alice, pour empicher les particules solides de 
stiriles qu’ils contiennent de remonter vers le point de rejet 
final des exutoires. 

(2) Sauf  dans les cas prCvus A I’article 7. le rejet des 
effluents des installations de  priparation du minerai doit se 
faire de  manitre que les particulcs solides de  stiriles ne restent 
pas  en suspension dans le bras Alice B moins de 1 0 0  m sous le 
niveau moyen de la mer. 

121 
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I 

i 

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 
S(b)(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 1 0 0  m below mean 
sea level. 

( 3 )  Solid tailings  particles may 
(a)  be deposited on that portion of the bed 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 1 0 0  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 1 0 0  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 exceed in weight 1 0 0 , O O O . O O 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 or 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 process 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  set out in column 11 of that item 
and  the daily dissolved concentration of the substance moni- 
tored in accordance with subsection (2) is l c s s  than  the 
concentration,  set out in column 111 of that item, 

using composite samples. 

131 

9 4 0 4 9 4  

Exutoires 

7. (1 ) Sous  rberve des conditions de I'ordonnance du Minis- 
tre vis& au paragraphe (2). le point de rejet final des exutoires 
pour IC rejet  des  effluents  des  installations de  priparation du 
minerai de la mine Kitsault  doit i t re  H 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  priparation  du minerai ne se conforme pas 
au  sous-alinh 5b)(ii) ou au  paragraphe 6(2), il peut, au 
moyen d'une  ordonnance dtcritte en vertu du paragraphe 
33.1(2) de la Loi, exiger de I'exploitant de la mine Kitsault la 
relocalisation de tout point de rejet final de I'exutoire i une 
profondcur variant entre 50 et 1 0 0  m sous le nivcau moyen de 
la mer. 

(3) Les particules solides de  stiriles peuvent 
a )  i t re  rejettes  sur la partie du fond du bras Alice, dans !e 
voisinage du point de rejet final de I'exutoire, si IC fond se 
trouve A plus de 50 et i 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 I'exutoire, H une profondeur 
variant entre 50 et 1 0 0  m sous le nivcau 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 l'exutoire A une profondeur de plus de 50 m sous le 
niveau moyen 2- la mer, cette profondeur est censte viser la 
limite de 50 m  paraissant  aux alintas (3)a) et b) .  

Fraction solide  des  effluents  des installarionc de priparation 
du minerai 

8. Les effluents  des  installations de  priparation du minerai 

a )  si leur fraction solide provient de minerais extraits  de la 
mine  Kitsault;  et 
6 )  jusqu'i ce que leur fraction solide reprtsente 1 0 0 , O O O . O O O  
t depuis la date  d'entrie en vigueur du prbent  rtglement. 

ne peuvent itre  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 itre  rejetis  dans le bras Alice si des examens 
d'tchantillons composites itablissent  que la fraction  liquide de 
ces effluents,  avant sa dilution i la sortie des installations 

a) satisfait au contrBle de  Ittaliti aigue pour l e s  poissons, 
dtcrit en annexe;  et 
b)  si les moyennes arithmttiques mensuelles de la concentra- 
tion des  substances  visies A I'article 4, contenues dans  cette 
fraction liquide et figurant au tableau du prbent  article sont 
moindres que c e l l e s  visks H la colonne 11, et si la concentra- 
tion journalitre dissoute  des  substances contrBlCes conformi- 
ment au paragraphe (2) est inftrieure & c e l l e s  vi&s H la 
colonne 111. 
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(2) The daily dissolved concentration referred to in para- (2) La concentration journalii?re dissoute viste B I'alinta 
graph ( I ) ( b )  shall be monitored at  the intervals and in the (1)b) doit itre  contr8lte aux intervalles et de la manitre 
manner  directed in writing by the Minister pursuant to subsec- ordonnts par h i t  par le Ministre conformtment au paragra- 
tion 33( 14) of the Act. phe 33( 14) de la  Loi. 

TABLE 

Cdumn I Column I1 Column 111 

Monthly 
Arithmetic 
M a n  Daily 

Item S u b u n a  Conantration Concentration 

I .  arsenic 0 40 mg/P 0 60 IllRlP 
2. copper 
3. 

0 05 mg/P 
lead 

0 I O  mglP 

4. 
0 05 mg/P 0 IO mg/P 

5. 
nickel 
zlnc 

0.20 m g / P  0 4 mg/P 
0 10 mg/P 

6. 
0.20 mglP 

7. 
radium 226 IO 0 p CI/P 10 0 p CllP 
cadmium . 0 01 mg/P 0.02 nlglP 

TABLEAU 

Cdonne 1 Colonne I1 Colonne 111 

arithdtique 
Moyennc 

menBuclle de 
Article Subuna 

Concentration 
I. concentration journalitre 

I .  Anenic 0 40 mg/Q 
2. Cuivrc 

0 60 mglP 
0.05 mg/P 

3. Plomb 
0.10 mglP 

0 05 mg/P 
4. Nickel 

0 IO m&N 
0 0: mglP 0.04 m g i P  

5 .  Zinc 
6. Radium 226 

0 IO mglP 
IO 0 p CllP 

O.?O mg/P 
20.0 p CUP 

7.  Cadmium 0.01 mg/P 0.02 mg/P 

Recovery of Lead, Zinc, or Cadmium Rimpiration du plomb, du zinc ou du cadmium 

IO. Prior to and during  the operation of the Kitsault  Mine, 10. Avant et  pendant I'exploitation de la mine Kitsault. 
the operator thereof shall,  through  research, work diligently I'exploitant doit diligemment entreprendre la recherche ntces- 
toward the development of methods to recover and, if it is saire B la mise au point de  mtthodes  de  rkuphation du plomb, 
practical to do so, shall recover lead, zinc and cadmium from du zinc et du cadmium i partir des sttriles  et, si possible, les 
the  tailings for sale as concentrates or for disposal on land as appliquer, afin  de vendre ces mitaux sous forme de concentres 
separate tailings. ou de les tpandre  stparimcnt  sur I t  sol, sous lb,;me de sttriles 

distincts. 

SCHEDULE  ANNEXE 

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

MlNERAl 

I .  (I) For the purposes of this schedule, the applicable 
portions of scction 231 of the publication Standard Methods 
for the Examination of Water  and Wastewater,  13th edition 
(197l), published jointly by the American Public Health 
Association. American Water Works Association and  the 
Water Pollution Control  Federation shall be used as a basis for 
this test p r d u r e  except as otherwise provided in this 
schedule. 

(2) The bioassay sample  shall be the liquid portion of a 

(3) When the bioassay sample is transported or stored, the 
sample  shall be kept in filled, scaled containers excluding any 
air. 

composite sample. 

(4). The sample  shall not be aerated  during  storage  and shall 
not be held more than five days prior to the commencement of 
this test p r d u r e .  

( 5 )  Rainbow trout (Salmo gairdneri Richardson)  shall be 
used as  the test species of fish. 

shall be used as t a t  fish. 
( 6 )  Only  healthy stocks of fish acclimated to fresh water 

1. ( I )  Aux fins de la prbente annexe, I e s  parties  applicables 
de la section 23 1 du recueil .Standard  Methods  for the Exami- 
nation of Water  and Wastewaterm, 1 3 '  tdition (1971). publike 
conjointcrnent par L'Arnerican Public Health Association, 
I'American Water Works Association et la Water Pollution 
Control  Federation  servant de fondement  opkratoirc au  prbent 
contrble. sous rtscrve des dispositions de la prtscntc annexe. 

(2) L'kchantillon soumis au contr8le biologique doit Stre la 
fraction liquide d'un &chantillon composite. 

(3) L'kchantillon soumis au  contrde biologique qui est 
transport6 ou entrepost, doit Stre  conservt dans  des  contenants 
hermttiques, remplis de manii?re B exclure  toute trace d'air. 

(4) L'tchantillon  ne  doit pas entrer  au  contact  de I'air 
pendant I'entreposage et ne  doit pas i t re  conscrvt plus de cinq 
jours avant IC dtbut  des contr8les. 

( 5 )  L'csptcC utili& dans IC contr8le doit i t re  la truite 
arc-en-ciel (Salmo gairdneri Richardson). 

santC doivent i t re  utilistes pour le contrdc. 
(6) Seules  des  truites acclimattts B I'eau douce et en bonnc 
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(7) Individual test fish shall weigh between 0.5 and 10 g and 
the length of the largest fish in a test vessel shall not be more 
than two times the length of the smalle~t 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 q u a l  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. 

( I  0) 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 exposed to the sample or control water. 

(I I ) 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. 

( I  3)  I f  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 a t  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. 

( I  5) The  temperature of the bioassay sample  and  the control 
water shall be 15 * 1 O C  throughout the  duration of the test. 

(1 6 )  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. 

( I  7) 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 p e r  entre 0.5 
et 10 g,  et,  dans un rtcipicnt donnt. la longueur du plus gros 
poisson  ne doit pas ttre plus du double de celle du plus petit 
poisson. 

(8) Au moins cinq poissons doivent stjourner pendant 96 h 
dans  I’khantillon soumis au contr6le biologique. Lcs ttmoins. 
en nombre Cgal, B ccux qui servent au contr6le, doivent rester 
dans le milieu ttmoin pendant le mtme nombre d’heures. 

(9) Le contrdle est nul si plus de 10% des poissons ttmoins 
meurent. 

(10) La proportion 1 observer est de 1 P d’tchantillon soumis 
au  contrble biologique ou de 1 P  de milieu ttmoin par gramme 
de poisson et par phiode  de 24 h. 

(1  1) La profondcur de I’eau dans les rkipients utilists doit 
Ctre d’au moins 15 cm. 

(12) On doit mesurer IC pH  de l’tchantillon soumis au 
contrdlc biologique immtdiatement avant IC dtbut du contrdle. 
Si le pH est inftrieur 1 6.5 ou supirieur B 7.5, on doit I’ajuster 
A 7.0 avec un &art 0.5. 

(13) Si la teneur en oxygtne dissous dans l’kchantillon 
soumis au contrdle biologique est inftrieure B 7 mg/P, cet 
khantillon doit t t re   a t r t ,  avant le dtbut du contrdle, pendant 
une ptriode ne dtpassant pas 2 h, a raison de 5.0 a 7.5 
cmJ/min/P d’air. 

(14) On doit aCrer I’tchantillon soumis au contrdle biologi- 
que  et le milieu ttmoin B raison de 5.0 A 7.5 cm’/min/P 
pendant toute la dude  du contr6le. 

(15) On doit s’assurer que la tempCrature de l’tchantillon 
soumis au contrdle biologique et du milieu ttmoin restent 1 15 
avec un k a r t  de 1 C pendant toute la durte  du contrijle. 

(16) On doit noter le nombre total de poissons morts a p r b  
96 h, ou 1 la fin du contr6le. 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  eaux d’alimentation de la mine au  cours d’un con- 
trdle de  96 h, conforme B la prtsente mtthode. on doit  rejeter 
I’khantillon soumis au contr6le biologique. 

2. L‘Cchantillon soumis au contrBle biologique satisfait au  
contr6le de  Ittaliti aiguc rh l i s t  selon I’article 1 de la prtsente 
annexe si la mortalitt des poissons ne dtpasse pas 50%. 

-~ ”_ 
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APPENDIX 2 

STATION COORDINATES 

A - Core  and  Grab  Stations - October  1978 

B - Grab S t a t i o n s  - May 1980 
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APPENDIX 2A: COORDINATES AND DEPTHS 
ALICE ARM, OCTOBER 1978 

DEPTH 
STATION COORDINATE (metres) SAMPLER 

A-  1 

A- 2 

A-3 
A-4 

A-  5 

A-6 

A- 7 

A-8 

A- 9 

A-  10 

A-11 

A- 12 
A-13 

A-  14 
A-  15 
A-  16 

55"28.2'N 129"28.9'W 76 

27.3' 29.6'  112 
27.2' 29.3' 54 

26.9' 31.1' 135 

26.75' 31.0' 225 

26.6' 30.9'  162 
27.2' 34.2' 225 

26.95' 34.35' 36 0 

26.7' 34.5' 225 
25.6 ' 40.3' 20 2 
24.8' 41.1' 72 

24.75 40.7' 8 1  
24.7' 40.3' 59 

22.0' 42.4'  148 
24.6' 48.6 ' 58 

28.9' 45.4' 297 

box core 
box core 
grab  

grab  

box core 
g r a b  

g r a b  

box core 
grab  

box core 
grab  

box core 
grab  

box core 
box core 

box core 

I 
I -  
I 
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APPENDIX 3 

STANDARD  REFERENCE  MATERIAL 

A - Sediment 

B - Tissue 
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Appendix 3 

Sediment  Standard Reference M a t e r i a l s  - EPS Labora tory  Results 

For - Cd, C u ,  Pb, Zn ( 6  month p e r i o d ) .  

BCSS-1 Marine  Sediment1 
Devia t ion  % Devia t ion  
from from 

C e r t i f i e d  Lab. Serv.  % No. o f  C e r t i f i e d  C e r t i f i e d  
Value  (Mg/g) Value (Mg/g) V a r i a t i o n  va lues  Value Value 

Cd 0.25 t .04 0.5 11 - - 
C u  18.5 T 2.7 17.5 t 1.9 11% 11 - 1  - 5.4 % 
Pb  22.7  3.4 20.4 -i 2.0 10% 11 - 2.3 - 10 % 
Zn 119 - +-I2 102 - 4" 4% 11 - 17 - 14 % 

MESS - 1 Marine  Sediment 

Cd 0.59 t .10 -72 + .12 17% 
Cu 25.1 3.8 26.1-+ 3.1 12% 
Pb 34.0 7 6.1 38.7  2.3 8% 
Z n  191 - +"17 174 - +-7 4% 

6* + 1.3 + 22% 
12 + 1  + 3.9% 
12 - 5.3 - 16% 
12 - 17 - 8.9% 

NBS - 1645 River Sediment1 

Cd 10.2 t 1.5 8.0 t 2.1 26% 11 - 2.2 - 22% 

Pb 714  28 636 ?: 51 8% 12 - 78 - 11% 
Z n  1720-t - 169 1670-+ - 96 8% 12 - 50 - 2.9% 

c u  109 +-19 120 7 12  10%  12 + 11 + 10% 

* Detection Limit lowered - o n l y  6 v a l u e s  for new l i m i t .  

Note: 1. Certified va lues  are t o t a l  Lab. Serv .   va lues  are s t r o n g   a c i d  
leach  and  should be w i t h i n  o r   l e s s   t h a n   c e r t i f i e d   r a n g e .  

2. The q u a n t i t y  of  element  leached  depends on the geochemistry and 
the sample wi 11 vary  from  sample t o  sampl e. 

1 BCSS-1 and MESS 1 obtained  from the Nat ional  Research Council  of  Canada, 
Division of  Chemistry,  Marine  Analytical  Chemistry  Standards  Program. 

1645 River Sediment  obtained  from U.S. Department of Commerce, National 
Bureau  of   Standards.  
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APPENDIX 38: TISSUE STANDARD  REFERENCE MATERIALS - 
EPS  LABORATORY RESULTS 

Elements NBS 1577 - B o v i n e   L i v e r  

(1978-1982 D a t a )  

( I C A P )   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 - t 0.01 

0.27 - t 0.04 

0.65 - -+ 0.73 
10.3 - t 1.0 
3.1 - + 0.5 
193 - + 10 

130 + 10 

270 - + 20 
- 

587 - + 20 (605) 

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 t 29 

- 
- 
- 
- 
- 
- 

(Graph i 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  (ug/g   dry)  Found 

13.4 - + 1.9 

3.5 - +- 0.4 

0.65 - + 0.27 
17.5 - + 1.2 

(L0.2) 

63.0 - + 3.5 

852 t 14 

195 + 34 
- 

0.128 + 0.009 
- 
- 

12.1 t 1.3 - 
3.6 t 0.3 

0.79 f 0.15 
16.3 t 1.2 

- 
- 

0.2 - -+ 0.1 

65.5 - t 4.1 

857 t 46 

162 t 9 

0.118 + 0.00 

- 
- 
- 

0.48 - + 0.04 0.45 - t 0.03 
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A P P E N D I X  4 

SEDIMENT  TRACE  METAL  DATA 

A - 1978 Core and  Grab  Samples 

8 - 1980 Grab Samp I es 



APPENDIX 4A: TRACE METAL CONCENTRATIONS FOUND I N  CORE AND GRABS SAMPLES - ALICE A R M ,  OCTOBER 1978 

COR E TRACE  METALS - mg/kg, dry weight  (pCi/gm) 
STATION  DEPTH Cu Pb Zn ca Fe N i  Mn co Ag U Ra Pb Th 

(cm 1 ( X )  226  210 230 

- A - 1  
Head A1 i c e  A r m  

0-2 55.25 22.0 124.70 3.18 
10-12 68.27 24.00 137.53 5.39 

3.12 28.44 766.05 16.00 0.53 
3.13 25.34 462.03 16.00 0.71 

1.5  1.5 2  0.7 

- A-2 
Lime  Creek 
Centre Channel 

0-2 69.33 54.00 175.28 6.65 
10-12 80.00 110.00 220.22 13.87 
20-22 120.89 263.00 373.03 43.02 

3.39 33.91 1163.64 19.00 0.88 
3.35 25.74 831.66 18.00 1.26 
2.99 13.66 684.49 18.00 3.12 

- A-3 
Lime  Creek 

0-6 74.67  84.00 204.04 12.44 3.35  37.25 684.49 19.00 1.20 

- A-4 
Pearson Point  
North Shore 

0-6 73.60 82.00 202.25  10.05 3.39  31.45  917.22 19.00 1.05 

0-2 65.78 55.00 170.79 4.80 
10-12 73.60 82.00 204.04 9-01 
20-22 97.78 210-00 314.61 30.12 
30-32 85.33 137.00 301.12 26.48 
40-42 79.29 54.00 269.66 14.29 

3.35 35.55 2156.15 17.00 0.90 
3.35 37.03 684.49 16.00 1.00 
2.46 20.75 684.49 12.00 2.12 
2.46 20.98 708.45 12.00 1.39 
3.35 35.47 845.35 16.00 1.49 

1.0 1.2 2 0.5 
1.5 1.1 2 0.7 
1.5 1.2 1 0.8 
1.5 1.2 L1 0.6 
1.5 0.9 3 0.7 

- A-5 
Pearson Po in t -  
Centre Channel 

- A-6 
Roundy Creek 

0-6 72.18 86.00 197.75  7.76 3.35  33.59 1078.07 17.00  1.09 

- A-7 
A l i c e  Arm- 
Nor th Shore 

0-6 65.07  63.00  204.04  5.50 3.48 38.61 1191.02 18.00 1.12 

- A-8 
A l i c e  Arm- 
Centre 

0-2 60.44 55.00 170.79 3.76 
10-12 69.33 73.00 238.00 10.74 
20-22 61.51 61.00 319.10 12.48 
30-32 61.51 49.00 346.07 15.49 

3.35  38.58 4449.20 18400 0.69 
3.13 36.07 2053.48 18.00 1.46 
3.44 40.05 2737.97 19.00 3.04 
3.30 36.51 1813.90 18.00 4.43 

- A-9 
A1 i c e  Arm-South 

0-6 66.49 70.00 197.75 5.75 3.26  38.63  2669.52 19-00 1.07 

A-10 - 
A l i c e  Arm-  
Base of s i l l  

0-2 44.44 30.00 130.34 3.07 
10-12 40.18 10.00 106.07 2.15 

2.90 46.50 3422.46 29.00 0.63 
2.63 51.28 455.19 17.00 0.29 

1.5  1.7 3 0.5 

A - 1 1  
Outside s i  11 - 
Nor th Shore 

0-6 43.34  24.00  110.44  1.55 2.54 38.20  467.28 15.00 0.29 

A-12 
Outs ide   s i  11- 
Centre 

0-2 40.45 18.00 101.60 1.52 
10-12 45.15 30.00 121.92 2.84 
20-22 58.87 12.00 106.02 1.40 
30-32 39.73 9.00 91.00 1.93 

2.54 40.35 588.43 14.00 0.29 
2.63 41.86 449.97 14.00 0.52 
2.45 42.11 425.74 15.00 0.35 
2.45 43.95 404.98 15.00 0.00 
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I 

APPENDIX 4A: TRACE METAL CONCENTRATIONS FOUND I N  CORE  AND  GRABS  SAMPLES - ALICE ARM, OCTOBER 1978 
(Cont inued)  

CORE  TRACE METALS - mg/kg, dry weight   (pCi /gm) 
STATION DEPTH Cu Pb Zn Cd Fe  Ni Mn co Ag U Ra Pb Th 

(cm) ( X )  226  210  230 

A-13 0-6 42.26  20.00  108.67  1.77  2.54  40.69  463.82  15.00  0.44 
O u t s i d e  s i  I 1  - 
East   Shore  

A-14 - 
Pass 

0-2 52.01 
10-12 59.59 
20-22 74.04 
30-32 83.07 
40-42 36.12 

A-15 0-2 624.83 - 
h y o x  10-12 660.95 

20-22 650.11 

- A-16 0-2 65.01 
H a s t i n g s  Arm 10-12 74.04 
C a r r   P o i n t  20-22 75.85 

30-32 83.07 
40-42 74.04 
50-52 108.35 

NBS Copper Mill 830.7 
T a i l i n g s - C e r t i f i e d  
(910+10, CU) 

18.00 121.04 1.12 
21.00 123.69 0.87 
24.00 135.17 2.06 
17.00 128.11 1.52 
14.00 110.44 1.48 

11.00 2032.02 23.97 
10.00 2208.72 27.52 
9.00 2385.42 29.40 

19.00 135.17 3.85 
22.00 145.78 4.14 
23.00 150.19 2.26 
20.00 148.43 3.51 
15.00 132.52 2.98 
17.00 145.78 2.76 

3.6 28.7 0.0 

2.81 
2.85 
2.85 
2.85 
2.90 

11.14 
13.15 
13.37 

3.07 
3.30 
3.34 
3.39 
3.25 
3.34 

1.8 

46.24 2146.02 18.00 0.18 
46.09 501.89 17.00 0.15 
40.15 498.43 17.00 0.45 
39.22 443.05 17.00 0.30 
42.40 449.97 17.00 0.25 

21.08 363.44 100.00 0.92 
23.18 339.21 140.00 0.81 
22.94 370.36  140.00 0.92 

33.36  2942.13  17.00  0.39 1.5 1.6 3 0.6 
37.11 1540.29 19.00 0.45  2.0  1.3  4  0.8 
35.01 1903.73 19.00 0.40 2.0 1.7 4 1.1 
36.52 1938.34 20.00  0.38 1.5 1.9  2  0.9 
33.99 1055.71 18.00 0.24  3.0 1.1 2  1.0 
35.13 1730.67 20.00  0.39 

23.2  79.6 29 0.03 

! 
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APPENDIX 4B: SEDIMENT TRACE METAL  CONCENTRATIONS I N  SURFACE GRABS - ALICE ARM, M A Y  1980 

STATION DEPTH mg/kg, dry weight 
(m) Mo Cu Pb Zn Cd Fe(%) N i  Mn Cr T i  V Hg A1 S i  

K i t s d a l t  R iver  
I l l i a n c e   R i v e r  
I l l i a n c e   P o i n t  
# I  (estuary)  
#1   (es tua ry )  
#2  (estuary)  

AA- 1 
AA-2 
AA-2 
AA- 3 

BB-1 
BB-2 
BB-3 

A-5( 10s) 
A-5( 10s) 

cc- 1 
cc-2 
cc-3 
cc-4 

DD-2 
DD-Ea 
DD-3 

EE-2 
EE-3.5 

A-17( 10s) 

FF-1 
FF-2  
FF-2 
FF-3 

G- 1 

H H - l a  
HH-2a 
HH-3a 
HH-lb 
HH-2b 
HH-3b 

A-15 

88 
88 
98 

85 
104 
104 
97 

79 
159 
63 

225 
225 

86 
154 
278 
135 

110 
110 
350 

93 
380 

383 

162 
25 7 
257 
280 

178 

83 
86 
71 
86 
86 
66 

58 

L18.3 
L18.5 
L18.4 
L18.6 
L18.5 

75.1 

.31.5 
65.6 
92.3 

151.5 

49.6 
137.0 
115.5 

112.5 
120.0 

88.0 
104.5 
105.0 
61.3 

28.4 
L19.1 

38.4 

L18.6 
L18.7 

L18.7 

L18.5 
L18.5 
L18.4 
L18.3 

L18.3 

L18.5 
L18.5 
L18.6 
L18.2 
L18.6 
L18.6 

L18.4 

43.9  52.5  96.5 L0.54 4.43 
52.2  60.1  201.0  0.83 6.97 
45.4  92.0  164.0  L0.54  4.29 
58.0 68.1 129.0 0.97  4.03 
58.7  68.8  132.5 0.97 4.06 
75.6  125.5  203.5 2.31 4.32 

74.9  100.7  180.0 1.28 4.59 
70.0 139.5  221.5 3.74 4.23 
78.1  149.5  255.5 3.12 4.27 
75.8  191.5  268.0 6.24 3.68 

75.2  179.5  358.0  4.46  4.12 
80.6 128.0 222.5 3.53  4.17 
62.2 120.5 221.5  3.70  3.65 

70.3  130.5  212.5  1.85  4.37 
74.3  158.5  231.0  L0.56 3.99 

81.0  147.0  204.5 1.34 4.22 
82.4  141.0  207.5 1.80 4.23 
79.5  145.5  209.0 2.19 4.16 
80.6 151.5 208.0 1.62 4.05 

67.9 120.0 189.5 0.62 4.57 
73.9  170.0  268.0 1.67 4.44 
70.7  122.5  186.0 1.11 4.32 

73.0  145.5  230.5 1.09 4.31 
60.4 89.1 164.0 0.68 4.30 

51.4  86.4  144.5  0.59  4.09 

44.6 64.7  123.5 L0.56 3.65 
36.3 55.4  99.7 L0.56 3.73 
34.4 56.1 107.0 L0.56 3.78 
31.5 47.7 87.4 L0.55 3.53 

39.6  60.8  106.5  0.55  3.45 

39.9 56.8 108.5 L0.56 3.47 
37.2 52.1 104.0 L0.56 3.50 
29.7 47.0  93.2 L0.56 3.03 
40.0 60.3  107.5  L0.55 3.50 
33.5 53.4  98.9 L0.56 2.94 
34.7 55.0  97.1 L0.56 3.31 

595.0 53.8 1725.0 6.83  11.7 

20.4 685 27.6 990 
29.4 1155 33.4 975 
19.9 1095 27.8 1019 
26.6 872 29.0 1025 
26.3 869 29.2 1014 
33.9 1120 35.6 991 

34.7 1125 35.1 985 
32.6 1195 33.5 1010 
33.3 1120 32.9 1035 
31.6 877 30.4 1040 

33.9 1180 33.7 1150 
50.3 969 45.6 1165 
47.4 692 58.8 1200 

44.0 1840 47.8 1011 
35.4 1040 37.7 1035 

40.5 1120 41.4 1175 
41.4 1260 41.4 1140 
42.5 1595 44.4 1165 
39.7 953 45.0 1140 

51.9 1110 61.2 1185 
43.1 999 49.8 1185 
47.4 2280 53.4 1170 

48.3 960 60.4 1240 
50.5 2300 61.1 1160 

46.7 1995 61.3 996 

49.9 715 66.8 1120 
41.9 1225 53.8 1065 
42.0 1055 56.3 1150 
38.8 1440 50.3 1040 

41.8 656 53.9 1060 

41.3 650 52.1 1065 
40.4 624 40.6 1110 
33.9 566 46.7 1100 
41.0 676 52.7 1050 
35.7 556 51.2 1160 
39.0 630 49.7 1070 

23.0 516 41.0 1055 

122.0 0.195 
183.5 0.179 
112.0 0.078 
100.4 0.322 
98.8 0.328 

114.5 0.296 

118.5 0.304 
104.5 0.288 
98.3 0.322 
87.4 0.328 

98.7 0.365 
111.5 0.166 
95.2 0.119 

114.5 0.253 
96.4 0.328 

123.0 0.163 
115.5 0.155 
119.0 0.169 
118.5 0.238 

122.5 0.154 
120.0 0.267 
127.5 0.177 

125.0 0.243 
118.0 L0.098 

105.0 0.184 

96.0 L0.147 
84.3 0.168 
88.4  LO.lOO 
79.4 0.126 

80.4  0.168 

78.0  0.130 
76.1 0.126 
67.8 L0.094 
79.8  0.126 
74.0 L0.098 
74.3 0.139 

106.5 0.782 

19350 
20400 
20200 
21  300 
21 200 
26150 

27150 
23800 
22600 
20750 

21200 
25900 
20000 

27400 
22350 

27500 
26450 
27150 
28950 

28700 
27900 
28900 

30450 
27500 

26450 

23050 
19700 
20550 
18050 

20200 

19950 
19150 
17000 
20500 
18850 
19000 

28400 

2640 
3285 
2890 
2760 
3130 
2220 

3235 
2845 
26 20 
3230 

2860 
2855 
2485 

3370 
2665 

2320 
3020 
2550 
2330 

3000 
2615 
2545 

2830 
2805 

2675 

2455 
2425 
2440 
1935 

2155 

2565 
2160 
2300 
221 5 
2235 
2000 

3630 
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APPENDIX 5 

TISSUE  SAMPLING  STATION  COORDINATES 

A - Otter  Trawls - 1978  through  1981 

B - Intertidal Stations - 1977 

C - Intertidal Stations - 1978 



APPENDIX: 5A OTTER  TRAGlL COORDINATES AND PEPTHS, ALICE ARM AND HASTINGS ARM, CHATHAM 
SOUND, LAREOO SOUND AND OIIATSINO SOUND, 1978 THROllGH 1981. 

TRAbJL DATE 
NO. 

DEPTH LATITIJDE LONG1 TIIDE 
( m e t r e s )  

A - 1  1978, May h 
O c t o b e r  1980 

s t a r t :  235 
f i  n i  sh : 182 

129'31.95'W 
129'30.33'W 

55'27.10'N 
55'27.0O'N 

129'36.86'W 
129'35.05'W 

A-2 1978 s t a r t :  355 
f i n i s h :  362 

A-3 

H - 1  

1978, May PU 
O c t o b e r  1980 

s t a r t :  55 
f i n i s h :  91 

55'25.11 ' N  
55'24.09'N 

129'40.58'\d 
129'41.08'W 

55'33.82'N 
55'34.82'N 

1978 s t a r t :  265 
f i n i s h :  247 

129'47.68'W 
129'47.78'W 

H -2  

H-3 

H-4 

c - 1  

c-3 

1"l 

0 -1  

1978 s t a r t :  3117 
f i n i s h :  293 

55'28.91 'N 
55'29.91'N 

129'45.49'ld 
129'45.89'1.1 

1978 s t a r t :  172 
f i n i s h :  168 

55'24.04'N 
55'25.02'N 

129'42.72'W 
129'42.99'W 

55'23.88'N 
55'24.65'N 

1978, Ma.y 
1980 

s t a r t :  115 
f i n i s h :  59 

129'49.55'W 
129'48.52'1*1 

54'24.14 'N 
54'25.09'N 

May 1981 s t a r t :  117 
f i n i s h :  124 

130'33.70'W 
130'33.92'W 

O c t o b e r  1981 s t a r t :  81 
f i n i s h :  88 

54'10.30'N 
54' 9.79'N 

130'25.55'W 
130'24.03'W 

O c t o b e r  1981 s t a r t  : 180 
f i n i s h :  165 

52'37.50 'N 
52'36.43'N 

128'51.31 '14 
128'50.45'W 

September 
1981 

s t a r t :  128 
f i n i s h :  128 

50'25.80'M 
50'24.84'N 

127'58.71'W 
127'59.14'14 
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APPENDIX:  5 B  INTERTIDAL SAMPLING STATION COORDINATES - ALICE ARM AND 
HASTINGS ARM - 1977. 

STAT I ON SPECIES LATITUDE LONGITUDE 

AAW Myti 1 us  edu l   i s ,   Fucus   d i   s t i chus  55" 28.19'N  129" 29.58'W 

LC I1 55" 27.20'N  129"  29.0g1w 

A-1-N I1  55" 27.35 IN 129" 30.09'W 

A-2-N I I  55"  27.47'N 129O 34.64'W 

A-2-S I1 55" 26.70'N  129" 35.67'W 

A-3-N - Fucus d i   s t i  chus 55" 25.31'N  129" 40.82'W 

A-3-S I1 55" 25.06'N  129" 40.05'W 

H-2-E M y t i l u s   e d u l   i s ,  Fucus d i s t i c h u s  55" 28.42'N  129" 43.701W 

tl-2-W 55" 28.34'N  129" 45.95'W I1  

H -4-N I1  55" 24.53'N  129" 49.50'W 
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APPENI)IX: 5C INTERTInAL SAMPLING STATION COORnINATES - ALICE ARM ANn 
HASTINGS ARM - 1978. 

STATION SPECIES 

~~~ 

LAT I TI IDE LONGITUDE 

A - 1 - S  

A-1-14 

A AW 

L C  

A - 2 - S  

A-241 

A - 3 - S  

A-3-N 

H-3-E 

H-4-11 

R 

GP 

JP 

1 

M y t i  1 u s  edul i s ,  Fucus - 
I1  

II 

I1 

I1 

I 1  

I1 

11 

I1  

II 

I 1  

II 

I1 

55" 26.92'FJ 

55"  27.35'N 

55"  28.19'N 

55" 27.20'N 

5 5 0   2 6 . 7 n ' ~  

55"  27.47'N 

55"  25.06'rl 

55"  25.31 ' P . 1  

55"  25.19'N 

129" ?9.48'W 

1 2 9 0   3 n . n g v  

129" 29.58'14 

129" 29.09'14 

129" 35.67 'bl 

129"  34.64" 

1290  40.n5~w 

129" 40.82'W 

129" 42.55 ' W  

55"  24.53'N  129" 49.50 W 

55" 23.15'N  129"  50.21 '14 

55" 25.00'N 129"  47.59'w 

55"  25.64'N  129" 47.42'W 

55" 26.12'M 129"  44.82'W 



- 101 - 

APPENDIX 6 

TISSUE SAMPLE DESCRIPTION - 1978 

A - Trawl Samples - October 1978 

B - I n t e r t i d a l  Samples - October 1978 
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APPENDIX 6A: DESCRIPTION OF COMPOSITE TISSSUE SAMPLES  TAKEN  FROM OTTER TRAWL CATCH 
ALICE ARM AND HASTINGS ARM, OCTOBER 1978 

I 

NUMBER OF I NUMBER OF 
SAMPLE STATION TISSUE INDIVIDUALS I N  I SAMPLE STATION TISSUE INDIVIDUALS I N  

NO. COMPOS1 TE NO. COMPOS I TE I 

I 

Pandalus  boreal is - p ink   shr imp 
15  A - 1  muscle 20 (sma l l )  

6 1  musc 1 e 2 
16 whol e 2 
48 whol e 2 
62 whol e 2 
59 A-2 muscle 2 
26 A-3 muscle 1 ( l a r g e )  
13 H-2 muscle 20 (smal  1) 
14 whol e 2 
5 1  H-3 muscle 20 (smal 1 ) 
52 muscle 20 (smal l  ) 
56 H-4 muscle 20 ( s m a l l )  

53 muscle 20 ( s m a l l )  

57 muscle 20 (smal l  ) 

Panda lops is   d ispar  - s i d e s t r i p e   s h r i m p  
39 A - 1  muscle 10 
40 
42 
37 
38 
43 
45 
44 

7 
8 
9 

54 
11 
12 
49 
63 
64 

muscle 
muscl e 

A-2 muscle 
A-3 muscle 
H-1 muscle 

muscle 
whol e 

H-2 muscle 
muscle 
muscle 
muscle 
whol e 
whol e 

H-3 muscle 
H-4 muscle 

muscle 

10 
10 

7 
10 
10 

5 
20 
10 
10 
10 
20 
10 
10 
2 

20 
20 

Pandalus  hypsinotus - humpback shrimp 
1 7  H-4 muscle 7 
46 whol e 1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Crangon  communis - shr imp 
65 A - 1  muscle 
66 A-3 muscle 
67 muscle 
1 muscle 
2 muscle 
3 muscl e 
4 muscle 
5 whol e 
6 whol e 

68 whol e 

20 
20 
20 
10 
10 
10 
10 
10 
10 
2 

L i thodes   aequ isp ina  - brown  k ing   c rab  
32 A - 1  leq   musc le  1 
35 l e i  muscle 1 
31 A-2 l eg   musc le  1 
34 leg   musc le  1 
36 leg  muscle 1 
33 H-2 leg   musc le  1 

Y o l d i a   t h r a c i a e f o r m i s  - b i v a l v e  
69 A-2 whole 20 
70 whol e 20 
71 H-2 whole 20 

Theragra  chalcogramma - Pol l o c k  
21 A - 1  whole  muscle 1 
25 
27 
24 
29 
20 
30 
50 
22 
23 
28 
19 

muscl e/sk i  n 1 
musc le /sk in  1 

A-2 musc le /sk in  1 
musc le /sk in  1 

A-3 whole  muscle 1 
whole  muscle 1 
whole  muscle 1 

H-3 musc le /sk in  1 
musc le /sk in  1 
muscl  e/sk i n 1 

H-4 whole  muscle 4 

Hippogloss ides  e lassodon - f l a t h e a d   s o l e  
18 A - 1  musc le /sk in  1 
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APPENDIX 6B: SAMPLE DESCRIPTION AND S I Z E  RANGE 

Myti l u s   e d u l   i s ,  OCTOBER 1978 

NUMBER OF 
SAMPLE STAT I ON INDIVIDUALS S I Z E  RANGE 

NO. PER SAMPLE (mm 1 

3 

5 

14 

18 

2 

9 

4 

15 

8 

10 
16 

13 

11 

17 

1 
7 
6 

12 

A-1-S-78  18 

A-1-N-78 20 

AAW-78 30 
Lime  Creek - 78 

purged 20 
non-purged 17 

A-2-S-78 20 

A-2-N-78 20 

24 

A-3-S-78 20 
A-3-N-78 20 

20 

H-3-E-78 20 

19 

H-4-N-78 30 

B- 78 20 

GP-78 20 

JP-78 20 

L-78 20 

46-69 

36-69 

32-40 

56-80 

49-66 

40-51 

39-58 

39-56 

49-59 

47-60 
44-62 

49-66 

42-69 

32-54 

46 -58 

41-51 
41-51 

45-76 
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APPENDIX 7 

MEAN TISSUE TRACE METAL CONCENTRATIONS 

(mg/kg, dry   we igh t )  BY SPECIES 

ALICE ARM, 1977-1980 

A - June 1977 

B - October 1978 

C - May 1980 

D - October 1980 
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APPENDIX 8 

MEAN TISSUE TRACE  METAL  CONCENTRATIONS 

(mg/kg, dry weight) BY SPECIES 

A - Chatham Sound - May 1981 
B - Chatham Sound - October 1981 

C - Lareao Sound - October  1981 
D - Quats ino  Sound - September  1981 
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APPENDIX 9 

TISSUE DATA - ALICE ARM 
1977 - 1980 

APPENDIX 
A - Intertidal Samples - June  1977 
B - Intertidal and Trawl Samples - October  1978 
C - Trawl Samples - May 1980 
D - Trawl Samples - October 1980 
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APPENDIX 10 

TISSUE DATA - GEOGRAPHICAL  CONTROL SITES,  1981 

A - Trawl Samp 

B - Trawl Samp 
C - Trawl Samp 

D - Trawl Samp 

l e s  - Chatham Sound - May 1981  

l e s  - Chatham Sound - October  1981 
les - Laredo  Sound - October  1981 
l e s  - Quats ino  Sound - September  1981 
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