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ABSTRACT 

Q 

P 

I 

I n  June, 1977, the Environmental  Protection  Service  conducted an 
environmental survey to  assess  the e f f e c t s  of the unconfined  discharge o f  

mill t a i l i n g s  from  Wesfrob Nines  Limited  into Tasu Sound, Queen Charlotte 
Is lands,  British Columbia. Tail ings from the 6UUU dry  metric  tons  per day 

Tasu Sound i ron-copper dressing plant  have been discharged  directly t o  
s ince 1967. 

The survey program included:  water column transm 
profiles;  phytoplankton  productivity  measurements; sediment 
sampling and analyses  for heavy metals; deep benthic  trawli 

i s s i b i l i t y  
and fauna 

ng;  and an 
examination of the i n t e r t i d a l  zone i n  the  proximity of the o u t f a l l .  This 
repor t  presents the results of the survey and conclusions  based upon these 
resul ts. 



En  juin 1977, le  Service de la  protection  de 
l'environnement  a  6valu6  les  effets  de  l'immersion  non  contr6lEe 
dans  la  baie  Tasu  des  steriles  de  la  sociEt6  Wesfrob  Mines  Limited 
installee  aux Tles Reine-Charlotte, C.-B. Depuis 1967, l'usine 
de  broyage  dsverse  directement  dans la baie  Tasu  les  stsriles  de 
sa  production  quotidienne  de 6 000 tonnes  metriques  ssches  de 
minerai  ferro-cuprique. 

L'stude  portait  sur  les  profils  de  transmissibilite 
de  la  masse  d'eau  verticale, sur les mesures  de  productivite du 
phytoplancton,  sur  1'6chantillonnage et l'analyse  des  sediments et 
de la  faune  pour y d6celer  les  metaux  lourds,  sur  le  dragage du 
benthos profond e t  sur les caracteristiques  de  la zone intertidale 
dans  le  voisinage  des  immersions.  Le  present  rapport  fait  @tat 
des  conclusions  de  l'6tude  qui  se  fondent  sur  les  rssultats  obtenus. 
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CONCLUSIONS 

At tempts   to   comple te ly   de l ineate   the   ex ten t   o f   copper  and i r o n  

contaminat ion  o f  the  benthic  sediments by t a i l i n g s   f a i l e d  due t o   t h e   l i m i t e d  

s i z e   o f   t h e   s a m p l i n g   g r i d   p a t t e r n  used.  However, concen t ra t i ons   e leva ted  

above  background  values  were  found  to  extend  to 2.3 k i l o m e t r e s   n o r t h  and 

no r theas t   f rom  the   f o reshore   ou t fa l l   s i t e .   Sed imen ta ry   z inc   con tamina t ion  

appeared t o  be c o n f i n e d   t o  a r a d i u s  o f  dpproximately 1 k i l omet re   f rom  the  

f o r e s h o r e   t a i l i n g s   d e l t a .  No s i g n i f i c a n t   i n c r e a s e   i n   c o n c e n t r a t i o n s   o f  

lead ,  cadmium, and  mercury  were  detected. 

Reduct ions i n  water   co lumn  percent   t ransmiss ib i  1 i ty were res-  

t r i c t e d  t o  t h e   n a t u r a l  embayment formed  by  Horn  Is land,   the  nav igat ion 

l i g h t ,  and  Gowing Is land.  The area   a f fec ted  by v i s u a l   t u r b i d i t y   a p p e a r s   t o  

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

obse rva t i ons  by l oca l   res iden ts .   Th i s   i nc rease  can p o s s i b l y  be a t t r i b u t e d  

t o   a i r   e n t r a i n e d   i n   t h e   t a i  1 ings  before  they  reach  the  po int   o f   d ischarge.  

The e n t r a i n e d   a i r   c r e a t e s  a b u o y a n t   e f f l u e n t  p lume  wh ich   r i ses   rap id l y   t o  

the   su r face  and  suspends t h e   t a i l i n g s   a t   t h e  ocean sur face  where they  are 

s u s c e p t i b l e   t o   d i s t r i b u t i o n  by t i d a l   c u r r e n t s  and wave ac t i on .  

The b io -concen t ra t i on  of heavy  metals i n   f i s h  and  a lgae  t issues 

appears t o  be c o n f i n e d   p r i m a r i l y   t o   t h e   n a t u r a l  embayment p r e v i o u s l y  
mentioned. 

P h y t o p l a n k t o n   p r o d u c t i v i t y   i n   t h e   i m m e d i a t e   v i c i n i t y  of t h e   t a i   1 -  
i n g s  o u t f a l l  was reduced i n  comparison t o   p r o d u c t i v i t y  measurernents taken a t  

t h e   c o n t r o l   s i t e   n o r t h e a s t  o f  Shcarer  Point   (T-1 ). 

The env i ronmen ta l   e f fec ts   o f   t he  m i  11 t a i  1 i ng  d ischarge  in to  Tasu 
Sound  appear t o  be l i m i t e d   a t   t h i s   t i m e  and a re   no t   cons ide red   t o  pose a 

ser ious   th rea t   to   the   mar ine   ecosys tem of the  area. 
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1 INTRODUCTION 

Tasu Sound i s   s i t u a t e d  on the   wes t   coas t   o f  Moresby Is land,   the  

southernmost  of   the  two mai  n i s 1  ands o f  t he  Queen C h a r l o t t e  group  (Figure 1 ) . 
Webfrob  Mine  and  the  i ron-copper  dressing  plant  are  located on the  south 

shore o f  Tasu  Sound. 

I n  June o f  1Y77 , a study was undertaken by the   Mar ine   Surve i l   lance 

and Compl i ance Mon i to r i ng   sec t i on   o f   t he   Env i   ron rnen ta l   P ro tec t i on   Se rv i ce  
(EPS) t o  assess  the  current  impact o f  Wesfrob  Mine on the   mar ine   rece iv ing  

environment. The survey   ob jec t ives  were to   de termi  ne t h e   e x t e n t   t o   w h i c h  

T a w  Sound has  been a f f e c t e d  by  raw t a i  1 ings  discharges  from  the  Wesfrob 

M i  ne opera t i on  and t o   f u r t h e r  our understanding  o f   the  behaviour   o f   t race 

heavy  meta l -bear ing  so l ids  in   the  mar ine  env i ronment .   S ince  s tar t -up  o f   the 

c o n c e n t r a t o r s   i n  1967,  Wesfrob  Mines has  been d i s c h a r g i n g   t a i l i n g s   f r o m  two 

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

t a i l i n g s   d e l t a  has  been  formed. 

I n  January,  1977, t a i l i n g s   f r o m   t h e   p e l l e t   c i r c u i t  was d i v e r t e d  

f r o m   t h e   f o r e s h o r e   t o  a new submarine o u t f a l l .  The EPS study was scheduled 

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

t h e   f o r e s h o r e   ( c o n d i t i o n a l   w i t h   t h e  amended Po l l u t i on   Con t ro l   B ranch   Pe rm i t  

#PE1288 1. 
A I  though  the  mine  has a1 so discharged  overburden,  waste  rock, and 

1 i m e s t o n e   i n t o   t h e  sound, t i m e   d i d   n o t   p e r m i t  a s tudy   o f   t hese   f ace ts   o f   t he  
m i  n i  ng o p e r a t i  on. 
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2 MATERIALS AND METHODS 

The study was c a r r i e d   o u t   d u r i n g   t h e   p e r i o d  June 15 t o  2U, 1977. 

A t  t h i s   t i m e ,   t h e   p e l   l e t   c i r c u i t   t a i  1 i ngs  were being  d i   schargea  through  the 

new submar ine   ou t fa l l  ; t h e   s i n t e r   c i r c u i t  was no t   ope ra t i ng .  

2.1 Benth ic  Grabs 
Samples o f   the   benthos   were   ob ta ined  a t   var ious   s ta t ions  on the  

g r i d   p a t t e r n   ( F i g u r e  2 )  u s i n g  a Smith-MacIntyre  Benthic Grab. A sediment 

sample fo r   compar ison  was taken i n  Wilson Bay,  Tasu Sound. These  were taken 

t o   d e f i n e   t h e   e x t e n t  o f  ben th i c   m ine   t a i  1 i ngs depos i ts  and  heavy  metal 

t r a n s p o r t .  A sediment  sample  from  each  grab was f r o z e n   f o r   t o t a l   c o p p e r ,  

z inc ,   i r on ,   l ead ,  cadmium, and  mercury  analyses  by  the  Department  of 

F i s h e r i e s  and the  Environment  lab i n  West Vancouver. 

The frozen  sediment  samples  were  freeze-dried  and  sieved  through a 

100-mesh s ta in less   s tee l   s ieve .   Fo r   ana lys i s  o f  metals  other  than  mercury,  

a p o r t i o n  o f  t he   l ess   t han  100 mesh f r a c t i o n  was d i g e s t e d   i n  a 3 : l  

h y d r o c h l o r i c - n i t r i c   a c i d   m i x t u r e  and  heated  for  3 hou rs .   A f te r   coo l i ng ,   t he  

s o l u t i o n  was d i l u t e d ,   a l l o w e d   t o   s e t t l e ,  and  decanted. The supernate was 

analysed by  an atomic  absorpt ion  spectrophotometer (AAS)  wi th   background 

c o r r e c t i o n  where  necessary. 

For   mercury   ana lys is  , the   f reeze-dr ied ,   s ieved sample was d iges ted  
i n  a 2: l  s u l f u r i c - n i t r i c   a c i d   m i x t u r e .   H y d r o c h l o r i c   a c i d  was then  added  and 

t h e  sample was b o i l e d ,   c o o l e d ,   f i l t e r e d ,  and analysed by "co ld  vapour"  AAS 

w i th   background  cor rec t ion .  

All samples  were  analysed i n   d u p l i c a t e .  

2.2 Transmi s s i b i  1 i ty 

T r a n s m i s s i b i l i t y   p r o f i l e s  were  conducted a t   v a r i o u s   s t a t i o n s  on 

t h e   g r i d   p a t t e r n  shown i n   F i g u r e  2 u s i n g  a Hydroproducts  transmissometer 

w i t h  a 1.0 m e t r e   l i g h t   p a t h   l e n g t h .  The probe was l o w e r e d   s t e a d i l y   a t  

between U.5 and 1 .O metres   per   second  and  percent   t ransmiss ib i l i t y   read ings  

were  taken  every 5 metres.  These p r o f i  les were   taken  to   de f ine   the   ex ten t  

o f   t u r b i d i t y   i n  Tasu Sound caused Sy the  mi ne t a i  1 i ngs. 
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2.3 Benthic  Trawl s 
Three   t raw l   s ta t i ons  were s e l e c t e d   f o r  deep b e n t h i c   b i o t a  

q u a n t i f i c a t i o n   ( F i g u r e  3) .  An o t t e r   t r a w l   w i t h  3.8 cm mesh,  1.27 cm mesh 

cod   end   l i ne r ,  and a 5.8 m t h r o a t  was used t o   c o l l e c t   t h e  samples.  Three 

r e p l i c a t e s  were  taken a t  each s t a t i o n ;  each r e p l i c a t e   c o v e r e d   1 / 2   n a u t i c a l  

m i l e   o f  sea bed. The t r a w l s  were sorted,  photographed,  counted,  weighted, 

a n d   i d e n t i f i e d  where poss ib le .   Un iden t i f i ed   an ima ls  were preserved  and 

r e t a i n e d   f o r   f u r t h e r  work.  Samples of   shr imp  (Pandal   us  boreal  i s  and 

Pandal  opsi s d i  spar 1 and f l a t f i s h  ( H i  ppogl  ossoides e l  assodon 1 were   f rozen   f o r  

heavy  metal   analysis by the  Department o f  F i s h e r i e s  and the  Envi ronment   lab 

i n  West  Vancouver. 

The  samples  were  thawed,  blended,  and  freeze-dried.  For  analyses 

o f  meta ls   o ther   than  mercury , the  organic   rnater i  a1 was a c i  d i  zed i n  a low 

temperature  asher. The remaining  ash was d i s s o l v e d   i n   n i t r i c   a c i d  and 

analysed  by AAS with  background  correct ion.  Samples of   Standard  Reference 

M a t e r i a l  (SRM) 1577 f rom  the  Nat ional   Bureau  o f   Standards (NBS) were 

prepared  and  analysed i n   t h e  same manner. 

For   mercury  analys is ,   the  b lended and f reeze -d r 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   a c i d i z e d   w i t h   p e r o x i d e ,  heaired, cooled,  and d i l u t e d  with a potassium 

permanganate  solution. The r e s u l t a n t   s o l u t i o n s  were then  analysed by " c o l d  

vapour" AAS wi th   background  cor rec t ion .  NBS-SRFI 1577 , Research  Mater ia l  50 
(a lbacore   tuna)   and  samples   rece ived  per iod ica l l y   f rom an i n t e r n a t i o n a l  
check  sample  program  were  prepared  and  analysed i n   t h e  same manner. 

All samples  were  analyseu i n   d u p l i c a t e .  

2.4 I n t e r t i d a l   O b s e r v a t i o n s  and  Co l l   ec t ions  

The i n t e r t i d a l  zone a t  5 s t a t i o n s   i n  Tasu Sound was examined f o r  

p resence   o f   m ine   t a i  1 i n g s  and d i v e r s i t y   o f   b i o t a   ( F i g u r e  3 ) .  Fucus  sp  and 

Myt i l  us edul i s samples  were  taken  where  possible  and  frozen  for  heavy  metal 

a n a l y s i s  by the   Depar tment   o f   F isher ies  and the  Envi ronment   lab i n  West 

Vancouver  using  the  procedures as d e s c r i b e d   i n   s e c t i o n  2.3. Fucus sp was 

taken   f rom  Insk ip  Channel for  comparison. 
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2.5 Upper Subt ida l   Observat ions  and  Col lect ions 
The s u b t i d a l  zone t o  a depth o f  3U f e e t   i n  Tasu Sound was examined 

a t  5 s t a t i o n s   u s i n g  SCUBA ( F i g u r e  4) .  E f f o r t s  were concent ra ted  on de ter -  

min ing   p resence  o r   absence  o f   ta i l ings  and t h e   d i v e r s i t y   o f   b i o t a .  The 

fo l l ow ing   o rgan isms  were c o l l e c t e d  where p o s s i b l e  and f rozen   f o r  heavy  metal 

ana lys is   us ing   the   p rocedures  as d e s c r i b e d   i n   S e c t i o n  2.3: 

Abal  one Hal  i o t i  s sp 

T r i t o n   F u s i  tri ton  oregonensi  s 

Moon s n a i l  

Horse  clam 

Pol i n i  ces 1 ewi s i  i 

Tresus  capax 

Ugly  clam Eneodesma s a x i c o l a  

2.6 Phy top lank ton   P roduc t i   v i  t y  

P h y t o p l a n k t o n   p r o d u c t i v i t y  was measured a t  t w o   s t a t i o n s   i n  Tasu 

Sound;  one  on t h e   n o r t h   s i d e ,   t h e   o t h e r   w i t h i n   t h e   v i s u a l l y   t u r b i a   w a t e r   i n  

t h e   v i c i n i t y  o f  t he  mine o u t f a l l   ( F i g u r e  4). I n   a d d i t i o n ,  a v a r i e t y  o f  

other  parameters were  measured i n   c o n j u n c t i o n   w i t h   p h y t o p l a n k t o n   p r o d u c t i -  

v i t y   i n c l u d i n g :   n u t r i e n t s ,   a l k a l i n i t y ,   d a y l i g h t   i n t e n s i t y  and l i g h t  

a t tenuat ion   th rough  the   water  column, d i sso l ved  oxygen,  temperature  and 

s a l i n i t y ,   s t a n d i n g   c r o p  o f  phytoplankton,  seston, anu ch lo rophy l l -a .  

2.7 Tai  1 i ngs Sampl  e 

F i v e   g a l l o n s   o f   p e l   l e t   c i   r c u i  t t a i  1 i ngs  were taken  frorn  the  mixing 
box a t   t h e   e n t r a n c e  t o  the  new submarine o u t f a l l .  A p o r t i o n   o f   t h i s  sample 

was s u b m i t t e d   t o   t h e  Ocean and Aquat ic   Sc iences  Laboratory   for   leaching 

po ten t ia l   exper iments ;   the   remainder  was s u b m i t t e d   f o r  heavy  metal  and 

suspended sol i d s   a n a l y s i s  by the  Department o f  F i s h e r i e s  and the  Environment 

l a b   i n  West Vancouver us ing  the  procedures as d e s c r i b e d   i n   S e c t i o n  2.1 of 

t h i s   r e p o r t .  

w 

w 
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3 RESULTS AND DISCUSSION 

3.1 Benthic Grabs 
Total heavy metal concentrations i n  the benthic sediments are  

presented i n  Table 1 ;  Figures 5,  6 ,  and 7 i l l u s t r a t e  the d is t r ibu t ion  of 
copper,  zinc, and iron,  respectively.  

Elevated  sedimentary  copper  concentrations u p  t o  3-1/2  times 
background leve ls  were detected 2.3 kilometers froln the  foreshore  discharge. 
W i t h i n  the  sampling g r i d  pattern,   concentrations ranged from 42-1300 ug /g ;  a 
concentration of 1900 ug/g was recorded  for a sediment  sample  obtained from 
the t a i l i ngs   de l t a .  A background concentration of 58 ug/g  was obtained from 
the Wilson Bay s ta t ion .  

Sedimentary  zinc and iron  concentrations t'ol lowed a s imilar  dis- 
t r i bu t ion   pa t t e rn   t o   t ha t  determined  for  the  sedimentary  copper, b u t  on a 
reduced  scale.  Zinc  concentrations  attained 1-7/2 times background levels 
( 1  00 ug/g i n  Wi 1 son Bay), 1 k i  lometre from the foreshore  discharge. Concen- 

. t r a t i o n s  w i t h i n  the g r i d  pattern ranged from 83 t o  21 0 u g / g ;  a concentration 
of 350 ug/g  was obtained from the t a i l i ngs   de l t a .  Sedimentary  iron 
concentrations from the g r i d  pattern ranged from 24 t o  14U mg/g. A 

concentration of 82 mg/g was obtdined from the t a i l i n g s   d e l t a  and 28 mg/g 
was establ ished  as  background. 

Lead, cadmium,  and mercury content were not  depicted i n  f igure 
format  as no trends were apparent. 

3.2 Transmi ssi b i  1 i ty  and TurDidi t y  
Percent  transmissibil i ty  data  are  presented i n  Table 2. T u r b i d i t y  

was detected i n  the v ic in i ty  of the submarine o u t f a l l ,  and, w i t h  the 
exception of the visual t u r b i d i t y  noted on the surface,  seemed t o  be f a i r l y  
we1 1 confined  to the embayment area formed by  Horn Island,  the  navigation 
l i g h t ,  and Gowing Island. In  the upper 20 metres of the water column away 
from the  ta i l ings  inf luence,  a t ransmiss ib i l i ty  of between 64% and 71% was 
recorded; i n  the   vicini ty  of the submarine out fa l l  , t ransmiss ib i l i ty  was 
reduced t o  between 19% and 50%. 
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TABLE 1 HEAVY METAL  CONCENTRATIOdS I N  SEDIMENTS,  TASU SOUND - JUNE, 1977 u 
( ug/g 1 

.I 

Sampl i ng S t a t i o n  

Arc  L ine Copper Z inc   I ron  Lead Cadmium Mercury 

1 

1 

2 
2 

2 
2.5 
3 
3 

3 
3 

5 
5 

5 

5 

5 

2 

4 

2 
3 

1 
6 
1 
2 

3 
5 

1 
2 

3 

4 

5 

1300 

1000 

81 0 

720 

180 
400 
84 

330 

350 
67 

110 
21 0 

67 

1 40 

52 

21 0 

180 

160 

150 

97 
1 40 

91 
110 

1 20 
77 

1 00 

1 20 

01 

96 

83 

140 000 

89 0u0 

74 000 
62 000 

27 UU0 

40 000 
26 000 

41 000 

40 000 

24 000 

31  00U 
34 0u0 

27 000 

29 000 

25 000 

13 

13 

13 

14 

13 
16 

13 
17 

13 
13 

13 
13 

13 

16 

18 

1.3 

1.3 

1.3 

1.3 

1.3 
1.3 

1.3 
1.3 

1.3 
1.3 

1.3 
1.3 

1.3 

1.3 
1.3 

0.13 

0.13 

0.07 
0.02 

0.04 
0.03 
0.06 
0.02 

0 .02 
0.02 

0.02 
0.02 

0.06 

0.1 2 

0.08 
......................... .................................................. 
Beach  Tai 1 i ngs (1  -5) 1900 350  82 000 13 1.7 0.04 
Wilson Bay 58 100 28 000 13 1.4 0.1 5 

II 

h 



- 11 - 



- 1 2  - Rr 

Y 

Y 



J 

L 

I 

I 

- 13 - 

a L z  
- 0 ,  



- 14 - 

TABLE 2 PERCENT T R A N S M I S S I B I L I T Y ,  TASU SOUND - JUNE 18, 1977 



- 15 - 

F igu re  8 d e p i c t s   t h e   s u r f a c e   t u r b i d i t y   f i e l d   b e f o r e  and a f t e r  

comniss ion i   ng   o f   the  new o u t f a l l  system as r e l a t e d  by l o c a l   d i v e r s  and mil 1 

personne l ,   and   t he   f i e ld  as observed  dur ing  our   s tudy  in   June,  1977. The 

e x t e n t   o f   t u r b i d i t y  shown i n   t h e   f i g u r e  was est imated  f rom  v isual   observa-  

t i o n s   o n l y ,  as opposed to   be ing  determined by t r a n s m i s s i b i l i t y  measurements. 

3.3 Benthic  Trawl s 
S p e c i e s   l i s t s   f o r   t r a w l s   t a k e n   i n  Tasu Sound and I n s k i p  Channel 

a r e  shown i n  Appendix I. Dry weight  heavy  metal   concentrat ions  in  ug/g  are 

presented i n  Table 3 and i l l u s t r a t e d   i n   F i g u r e  9 f o r   sh r imp  and f l a t f i s h .  

No apprec iab le   d i f f e rences   i n   t i ssue   me ta l   concen t ra t i ons  were  noted  between 

t h e   t w o   t r a w l   s i t e s  with t h e   e x c e p t i o n   o f   i r o n   i n   s h r i m p .   I r o n   l e v e l  s i n  

sh r imp   caugh t   a t   t r aw l  TR-1 nearest   the  mine  reg is terea an average  o f  71d 

ug/g, as compared w i t h  230 ug/g  . in  shrimp  from  Wilson Bay ( t r a w l  TR-2). 

3.4 In te r t i da l   Observa t i ons   and   Co l l   ec t i ons  
I n t e r t i d a l   o b s e r v a t i o n s  showed  a complete  smothering o f  b i o t a   i n  

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

beaches  appeared  normal. Heavy meta l   ana lys is   o f   b lue   musse ls   (Myt i   lus  

e d u l   i s )  and  Fucus  sp  col 1 e c t e d   a t   i n t e r t i d a l   s t a t i o n s   a r e   p r e s e n t e d   i n   T a b l e  

3 and i l l u s t r a t e d   i n   F i g u r e s  10 and  11. 

Elevated  copper,   z inc,  and i r o n   c o n c e n t r a t i o n s  were d e t e c t e d   i n  

blue  mussels  and  Fucus  sp  col lected i n   t h e   v i c i n i t y   o f   t h e   t a i  1 i n g s   d e l t a  as 
compared w i t h   o t h e r   a r e a s   i n   t h e  sound. Ciussels co l lec ted   f rom  the   shore-  

1 i n e   i m m e d i a t e l y   a d j a c e n t   t o   t h e   t a i l i n g s   d e l t a  were  found t o   c o n t a i n  heavy 

me ta l   concen t ra t i ons   o f  140 ug/g, 290 ug/g, and 270U ug/g  for   copper,   z inc,  
and   i r on ,   respec t i ve l y .  Maximum background  concentrat ions  of   heavy  metals 

i n  musse ls   f rom  the   con t ro l   s ta t i on  were e s t a b l i s h e d   a t  7.9 ug/y   for   copper ,  

70 ug /g   f o r   z inc ,  and  100  ug/g f o r   i r o n .  No apparent   increases were 

d e t e c t e d   i n   a n a l y s e s   f o r   t h e   o t h e r   m e t a l  s examined  (lead, cadmium,  and 

mercury) .   In   Fucus  sp,   concentrat ions  o f  60 ug/g  copper, 58 ug /g   z inc ,  and 

520 u g / g   i r o n  were o b t a i n e d   a d j a c e n t   t o   t h e   d e l t a  and maximum background 
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TAIILE 3 DRYUElLHI/WET,IEl(r~fT HEAVY FETAL  CDNCENlRAT10NS IN’TISSUES, TASU’SOUIJD - J U N E ,  1977 fug/g) 

3 

rl 

U 

1. 

I 

m 

Q 

3, 

C o l l c c t l o n  
fpeclcs  Location  Uclght Copper Zinc  I ron Lead Cadmium Mercury 

Fucus s y  - 
” 
Fucus sp 

Fucus sp - 
Fucus sp - 
Fucus sp 

~ 

Fucus sp. - 
Fucus  sp - 
Fucus sy - 
H y t i l u s   e d u l i s  

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

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

-(footonly) 
H a l i o t i s  sp 

7 “ o n l y )  
H a l i o t i s  sp 

H a l l o t i s  sp 
body) 

Pol   in ices 
L e w i s i i  

Pol in ices  
Lewis1 f 

Pol in iccs  
Lewisi C 

- 
4 E. dispar 

P. boreal i s  

- ( m a r  
P. borca l i s  

Hfppoglossoldes 
elassodon 

F l a t f i s h  
( u n i d e n t i f i e d )  

Tresus capax - 
7 a r l c o T a  
Entodesma 

Fust tri ton sp 
” 

Gowing Point  

f a l r f a x   I n l e t  
(Head) 

1-1 

1-2 

1-3 

1-4 

1-5 

Insk ip  Channel 

1-5 
9 

F a i r f a x   I n l e t  

Botany is land 

(head) 

Gowi ng Point  

Reid  Point 

Reid  Point  

Horn I s l a n d  

Gowing Poin t  

Reid  Point 

Horn I s l a n d  

T r a w l  1 

Trawl 2 . 

Trawl 1 

Trawl 2 

Cowlng Point  

Gowlng Po in t  

Horn Is land 

27.0 
4 -5 

9.4 
1.9 

0.64 
3.4 

3.3 
0.60 

4.3 
1.4 

2.2 
0.51 

60.0 
15.0 

7.7 
1.6 

190.0 
26.0 

7.8 
1 .o 

7.9 
, 0.78 

80.0 
17.0 

29.0 
6.4 

39.0 
9.6 

72.0 
’ 18.0 

85.0 
24.0 

07.0 
21 .o 

110.0 
27.0 

1 10.0 
29.0 

96.0 
23.0 

15.0 
3.5 

13.0 
2.9 

99.0 
22.0 

20.0 
3.6 

110.0 
24.0 

28.0 
4 .? 

33.0 
6.1 

33.0 
6.0 

22.0 
4.1 

20.0 
6.4 

16.0 
3.8 

58.0 
14.u 

11.0 
2.2 

29U.0 
40.0 

70.0 
9 .o 

54.0 
5.4 

44.0 
9.5 

45 .O 
10.0 

120.0 
30.0 

88.0 
22 .o 

81 .O 
23.0 

l lU.0 
26.0 

9u.0 
25.0 

62.0 
17.0 

59.0 
14.0 

23  .0 
5.3 

28.0 
6.4 

56.0 
13.0 

190.0 
33.u 

210.0‘ 
46.U 

61.0 1.6 
10.0 0.27 

76.0 1.8 
lb.U 0.37 

26.0 ‘1.0 
4.& ‘0.2 

3U.0 1.6 
5.5 0.29 

32.0 1.3 
10.0 0.41 

45.0 ‘1.0 
10.0 ‘0.2 

520.0 2.5 
130.0 0.6 

230.0 2.1 
47.0  0.43 

2700.0 <1.0 
370.0 C0.2 

100.0 1.1 
13.0  0.14 

100.0 ‘1.0 
19.0 ‘0.2 

120.0 1.4 
26.0 0.30 

74.0 < 1.0 
17.0 <0.2 

430.0 <1.0 
110.0 ‘0.2 

940.0 1.2 
230.0 0.29 

180.0 < 1.0 
52.0 < 0.2 

170.0 ‘1.0 
41.0 (0.2 

350.0 (1.0 
86.0 <0.2 

710.0 ‘1.0 
2uu.0 ‘0.2 

230.0 ‘1.0 
56.0 ‘0.2 

45.0 < 1.0 
10.0 ‘ 0.2 

36.0 ‘ 1.0 
8.3 ‘ 0.2 

13WJ.O I . &  
3UU.0 0.41 

340.0 1.5 
60.0 , 0.27 

110.0 1.1 
24.0  0.24 

1.3 
0.22 

1.1 
0.23 

2.6 
0.49 

1.6 
0.30 

1.6 
0.50 

1.5 
0.33 

1.1 
0.27 

1.7 
0.35 

6.3 
0.87 

3.8 
0.49 

4.3 
0.43 

‘0.5 
<0.1 

0.65 
0.14 

1.3 
0.32 

0.74 
0.18 

0.36 
1.2 

9.4 
2.3 

2.4 
0.60 

u.45 
1.6 

1.6 
0.38 

‘ 0.5 
< 0.1 

< 0.5 
< 0.1 

0. 56 
2.5 

6.M 
1.2 

15.u 
3.2 

<U .06 
<0.01 

‘0.09 
<0.02 

‘0.07 
‘0.01 

‘0. 10 
<0.02 

<0.09 
‘0.U3 

~ 0 . 0 6  
‘0.U1 

‘0.07 
<0.01 

‘0.07 
‘0.01 

0.43 
0.06 

0.39 
0.05 

0.30 
0-03 

<0.1 
<0.02 

0.08 
0.02 

0.14 
0.04 

‘ 0.1 
< 0.02 

0.11 
0.03 

0.29 
0.07 

0.28 
0.07 

< 0.07 ‘ 0.01 

0.18 
0.04 

0.45 
0.1 

0.33 
0.08 

0.15 
0.03 

0.20 
0.03 

0.42 
0.09 

c 
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concent ra t ions   were   es tab l i shed as 9.4 ug/g  copper, 33 ug/g  z inc,  and 76 

ug /g   i r on   us ing  specimens co l l ec ted   f rom  the  head o f   F a i r f a x   I n l e t .  

Heavy m e t a l   l e v e l s   i n  Fucus  sp c o l l e c t e d   f r o m   I n s k i p  Channel  were, 

i n  general ,   unaccountably  h igher  than  background  levels  determined  for  Tasu 

Sound. 

3.5 Upper Subt ida l   Observat ions  and  Col lect ions 

Observat ions made by SCUBA d i v ing   revea led   t he   p resence   o f   m ine  

der ived   sed iment   depos i ts   a t   S ta t ions  D-1 and 0-5. The heav ies t   depos i t s  

were  found a t  D-5 (Magneson P o i n t )  where  most  algae  appeared t o  be covered 

w i t h   l i g h t  sediment.  Sediment  deposits  were  observed a t   S t a t i o n s  D-2, D-3, 

and D-4. 
Heavy m e t a l   a n a l y s i s   o f   s u b t i d a l   i n v e r t e b r a t e s   c o l l e c t e d   a r e  shown 

i n  Table 2 and i l l u s t r a t e d   i n   F i g u r e s  12 and 13. A n a l y t i c a l   r e s u l t s   f o r  

abalone  ' 'whole  body"  from Magneson P o i n t  and abalone  " foot   only"  f rom  Horn 

I s l a n d   a r e   n o t   a v a i l a b l e  as these  t i ssue samples  were l o s t   i n   t r a n s i t .  

Never the less , t h e   r e s u l t s   p r e s e n t e d   i n   t h i s   r e p o r t   i n d i c a t e  a s l i g h t  

i nc rease   i n   copper  and i ron   concen t ra t i ons   i n   bo th   aba lone  and moon s n a i l s  

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

3.6 P h y t o p l a n k t o n   P r o d u c t i v i t y  

P h y t o p l a n k t o n   p r o d u c t i v i t y   r e s u l   t s   a r e   p r e s e n t e d   i n   A p p e n d i x  I I .  
The phys ica l /chemical   parameters  which  normal ly   a f fect   product iv i ty   were 
de te rm ined   to  be s i m i l a r   a t   b o t h   s i t e s   t e s t e d .   P r o d u c t i v i t y  was measured 

t o  20 m e t r e s   a t   t h e   c o n t r o l   s t a t i o n  and t o  15 m e t r e s   a t   t h e   s t a t i o n   n e a r e s t  

t h e   o u t f a l l  . 
Resu l ts  show p h y t o p l a n k t o n   p r o d u c t i v i t y   i n   t h e   v i c i n i t y   o f   t h e  

t a i  1 i n g s   d i s c h a r g e   t o  be approx ima te l y   1 /10   t ha t   o f   t he   con t ro l   s ta t i on .  

Th is   d i f f e rence   canno t  be exp la ined  f rom  the   da ta   ob ta ined  f rom  th is   s tudy .  
However, t h e   r e d u c e d   p r o d u c t i v i t y   i n   t h e   v i c i n i t y  o f  t h e   o u t f a l l   m i g h t  

p o s s i b l y  have  been  caused by decreases i n   l i g h t   a t t e n u a t i o n  due to   pa tches  

o f  s u r f a c e   t u r b i d i t y   w h i c h  were  observed  dur ing  the  test   per iod.  
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3.7 Tai 1 i ngs Sarnpl e 

The ana lys i s  o f  p e l l e t   c i r c u i t   t a i l i n g s   i s   g i v e n   i n   T a b l e  4. 

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

able.  Upon comple t ion ,   these  resu l ts  will be p u b l i s h e d   i n  an  Ocean and 

Aquat ic   Sc iences  repor t .  

TABLE 4 ANALYSIS OF PELLET C I R C U I T  TAILINGS, WESFROB MINE - JUNE 20, 1977 

w 

D i  ssol   ved  Total  

Me t a l  ( ug/g)  (mg/ l )  

cu  

Zn 

Cd 

Pb 

N i  

u.03 

u. 04 

<0.01 

<0.02 

<u.05 

130.0 
54.0 

0.02 

<O.U2 
1.81 
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APPENDIX I 

SPECIES LIST FOR TRAWL SURVEYS 

a. S t a t i o n  TR-1, Tasu Sound - June 16, 1977 

b. S t a t i o n  TR-2, Tasu Sound - June 16, 1977 
c. S t a t i o n  TR-3, I n s k i p  Channel - June 20, 1977 
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APPENDIX I SPECIES LIST FUR TRAWL 

a. S t a t i o n  TR-1,  Tasu 

ReDl i c a t e  I 

Weight 

Species  Count  (grams) 

Pandal  us  boreal i s  

Pandal  opsi s d i   spa r  

Crangon  sp 

Sp i   ron toca r i  s sp 
Pasi  phaea pac i  f i c a  
Lebbeus  sp 

Parophrys  vetul   us 

Red Rock f i sh  

( y e l l o w   s t i p e )   ( u n i d )  

S i  puncul a sp 

B i v a l v e   ( u n i d )  

63U 

1 45 

56 

261 
2 
1 
1 

1 

1 

1 

Sponge fragments 

2200 

8 50 

51 

1 59 

2 
- 

300 

450 
- 

- 

SURVEYS 

Sound - June  16,  1977 

Rep1 i c a t e  I I 
Weight 

Species  Count ( grams 1 

Pandal  opsi s d i  spar 204 

- P. boreal  i s  180U 1 
- P. j o r d a n i  200 ) 

Crangon  sp  440 

Spi r o n t o c a r i  s ssp 1720 
Atheresthes  stomias 

H i  ppogl  ossoi des 

e l  assodon 

R a j a   k i n c i a d i i  

Lyopse t ta   ex i  1 i s  

Bathygonus n i g r i p i n n i s  

Anopl opoma f i m b r i a  

Squ id   (un i   d )  

Ch ionoece tes   ba i rd i  

S t rongy locen t ro tus  

f r a n c i  scanus 

Bri s a s t e r  sp 

Aphrod i   t a  sp 

Roci ne1  a  sp 

H e n r i c i a   l e v i s c u l a  

M ic ros tomus   pac i f i cus  

J u v e n i l e   f l a t f i s h   ( u n i d )  

2 

2 

1 

9 

6 

1 
6 

2 

2 
4 

4 

2 
1 

1 

9 

1400 

5700 

6 00 

1 248 

3000 

700 

300 

31 5 

13 

1 300 

59 

357 

400 

900 

35 

3 

5 

600 

27 

li 

LC 
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APPENDIX I SPECIES LIST FOR  TRAWL SURVEYS 

b. S t a t i o n  TK-2, Tasu  Sound - June  16,  1977 

Repl i c a t e  I Repl i c a t e  I1  
Weight  Weight 

Species  Count  (grams)  Species  Count ( grams 1 

Pandal u l  s borea l  i s  111 555 

- P. p l  a tyceros  2 61 

- P. hypsinotus 3 58 

Pandal  opsi s d i   s p a r  1 27 

S p i   r o n t o c a r i  s sp 33b 174 

Crangon sp 162 180 
H i  ppogl  ossoi  des 

e l  assodon 18  1800 
Bathygonus n i   g r i   p i   n n i  s 5 

L y o p s e t t a   e x i  1 i s* 144 280U 

P i  sces  (un i  d) 2 5 

Squ id   (un id )  9 73 

Ch ionoecetes   ba i rd i  1 1 48 

- C. b a i   r d i   ( j u v e n i  1 e 1 2 

B r i s a s t e r  sp** 38 2451) 

Pagurus  sp 1 2 

Cardiomya  sp 1 2 

Roci ne1 a sp 1 2 

Pandal  us  boreal i s 700 23u0 

- P. pl a tyceros  7 1 68 

- P. hypsi   notus l u  179 

Pandal ops i  s a i   spa r  1 25 

Crangon  sp  184 328 

Sp i   ron tocar i  s sp 648 336 

Lyopse t ta   ex i  1 i s 83 1801) 

Hippogl  ossoi  des 

e l  assodon  16 16Ud 

Red R o c k f i s h   ( u n i d )  3 3uu 
Bathygonus n i   g r i   p i n n i  s 1 7 
Squid  (un i  d )  8 1 u4 

Ch ionoecetes   ba i rd i  1 1 74 

- C. b a i r d i   ( j u v e n i l e )  3 3 
Bri sas ter   sp  66 3800 
Roci ne1 a sp 1 2 

Sponge fragments - 
L i s c h k e i a   c i d a r i s  1 - 

* s lender   so le  were j u v e n i   l e s  - a1 1 

approx imate ly  4 t o  6; inches 

** u r c h i n s  have very  few  spines 

c o v e r i n g   t e s t  
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APPENDIX I SPECIES LIST FOR  TRAWL SURVEYS 

c. S t a t i o n  TR-3, I n s k i p  Channel - June 20,  1977 

Repl i c a t e  I 
Weight 

Species  Count  (grams 

Pandal  opsi s d i   s p a r  

- P. boreal  i s 

- P. j o r d a n i  

Sp i   ron toca r i  s sp 

Crangon sp 

Pas iphaea   pac i f i ca  

Sebastodes  crameri 

- S. a l e u t i a n u s  
Lyopse t ta   ex i  1 i s 
L a r v a l   f l a t f i s h  

Pagarus  sp 

Yo1 d i  a t h r a c i   a e f o r m i  s 

- Y. s c i   s s u r a t a  

B r i s a s t e r  sp 

Cardiomya  sp 

34 

21 iJ 
49 

763 

1 06 
21 1 

4 

2 

6 

1 

1 

30 

2 

24 

1 

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

Dental  ium  sp  present 

Roc i ne1  a  sp 3 

420 

980 

255 

504 

131 

163 

1300 

73 

400 

1 

3 
19 

2 

66 1 

3 
- 
- 
3 

N.B. T rawl   poss ib ly  towed o f f   b o t t o m  

f o r   p a r t   o f   t r a w l ,   a p p r o x i m a t e l y  

10  minutes.  

Repl i c a t e  I I 

Weight 

Species  Count ( grams) 

Pandal  opsi s d i   spa r  

Pandal us boreal  i s  

Sp i   ron toca r i  s SJ 

Crangon  spp 
Pas iphaea   pac i f i ca  

Sebastodes  crameri 

L y o p s e t t a   e x i l i s  

Atheresthes  stomias 

Pagarus  sp 

Phy l   lo1  i thodes 

p a p i  11 osus 

B r i s a s t e r  sp 

Cardiomya  sp 

Yo1 d i  a t h r a c i   a e f o r m i  s 

- Y. s c i s s u r a t a  

170 

325 

12UO 

112 

176 
2 

4 
1 
1 

1 

9 

2 
11 

1 

Dental i um sp p resen t  

1 0u0 

20iJlJ 

91  2 

96 

21 6 
1000 

252 

600 
4 

- 
200 

1 

7 

1 
- 

m 

I 

I 

IC 
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1. APPENDIX I 1  

TASU SOUND PHYTOPLANKTON PRODUCTIVITY  DATA, 

STATIONS  T-1 AND T-2  - JUNE 18, 1 9 7 7  

II) 

a 

a. P r o f i l e s  

b.  P a r a m e t e r s  

c .  S p e c i e s  L i s t  
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MG C / M 3  / D A Y  

25 75 125 175 225 275 325 375 425 
0 1  50 I 100 1 150 I 270 I 270 300 1 350 I 400 

I '  I I 

I N T E G R A L  I 3593911 M G  C / M 2  D A Y  

I N T E G R A L  2 3 6 0 . 6 6  M G  C / M 2  D A Y  

APPENDLX I I  a .  P R O F I L E S  

T A S U   S O U N D   P H Y T O P L A N K T O N   P R O D U C T I V I T Y   D A T A  - 
S T A T I O N S   T - I   A N D  T - 2 ,  J u n e  18, 1977 
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APPENDIX I1 TASU SOUNO PHYTOPLAHKTON PRODUCTIVITY DATA, STATIONS 1-1 AND 1-2 - JUNE 18, 1977 

1- b. Parameters 

a Dissolved  Percent  Total  Total  Chloro- Phaeo- 
Depth Temp. S a l i n i t y  Oxygcn Oxygen N i t r a t e  Phosphate S i l i c a t e  Carbonate phy l l -a  pigments Seston 

(rn) ("C) ( X )  ( m g / l )  Saturat ion (n tg / l )  ( n l g / l )  (mg/l) Carbon pH ( u g / l )  ( u g / 1 )  ( m g / l )  

a S t a t i o n  1-1 

0 14.0  30.81 

I 1 14.0 30.83 . 10.1 121.98 <0.010 0.026  C0.5  23  277  8.17 m a  1.03 5.00 

2 13.5  30.83 

I 3  13.0 30.79 10.2 120.56 CO.010 0.025 . <0.5 23  277 8.15 1.12 <0.8 4.82 

5  11.5 30.98 11.0 126.00 <0.010 0.024 C0.5 23  277 8.15 1.12 ~ 0 . 8  4 -06 

10  10.5  31.77 

20 9.5  32.08  9.& 108.04  0.095  0.039 ~ 0 . 5  24 164 7.98  2.05 ~ 0 . 8  5.67 

30 9.0 32.12 

I 

Y 
Mean E x t i n c t i o n   C o e f f i c i e n t  (k) = 0.24030 

Daily Areal  Production (mgC/mZ/day) = 3593.11 
a t m  ...................................................................................................................... 

S t a t i o n  T-2 

'* 0 13.5 30.53 

1 13.5 N.58 10.6 126.49 <0.010 0.021  <0.5  23 068 8.17 <0.80 0.82 4.03 

d 2 

3 

u 5  
10 

20 

30 
wl 

I 

13.0 30.79 

13.0 31.01  10.2 120.71 <0.010 0.024 (0.5 23 378 8.13 1.27 <0.91 5.93 

13.0  31.43 10.4 123.51  0.010  0.026 '0.5 23 378 8.13  0.96  1.00  3.02 

11.0 31.68 

10.0 32.08  9.8  109.25  0.090  0.042 <0.5 24  249  7.98 c0.80 1.07 3 .OU 

9.5  32.13 

Mean E x t i n c t i o n   C o c f f l c i e n t  (k) = 0.26028 

Daily Arcal  Production (rngC/rnZ/day ) = 360.66 
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AI 'PENDIX I 1  TASU Sout i [ )  P H Y T O P L A H K T O I ~   P R O D U C T I V I T Y  DATA,  S T A i I O l d S  T:1 AND T-2 - JUNE I t ) ,  1977 

c. Spccics   Lis t  (Data  Expressed  as  Total Count/lUU nll 

Depth i n  Metres 
Station  Species 

0 1 2 3 5 l U  2U 3u 

T-1 Chrysophyta 

Baci 11 a r i  ophyccae 
Chaetoccros syp 
Leptocyl  i ritlrus danicus 
Licmophora spp 
Navi cul a sp 
Ni tzschia spp 
N. closter-ium 
! I .  pacif ica  
Rhizosolcnia sp 
R .  del ica tu la  
Rhoicosptlcnia curvata 
Skeletonma  costatun] 
Thalassiosira spp 

G U  
30 - - 
10 
20 

100 - 
- 

38U 
40 

90 

10 

70 

430 
10 
10 
lU 

24U 
7u 

- 
- 
- 

L 

In 

yc 

I 

YI 

Chrysophyccae - - - 1780 3560 1780 - - 
Dinophyceae 

Glenodinium  sp 

Cryptophyceae - 3560 - 1780  3560 1780 - - 
Ni scel 1 aneous 

Bacteria """ 
- - - - - Present - - - - - - - - - - - 

.............................................................................................. 
T-2 Chrysophyta 

Bacillariophyceae 
Chaetoceros spp 
Cocconei s sp 
Nitzschia spp 
N.  closteriurli 
N. pacif ica  
Rhizosolcnia sp 
R .  dcl ica tu la  
Skeletonenla cos ta tus  
Thalassiosira  spp 

Chrysophyceae ' 3560 - - - 1780 3560  1780 - 
Loricate  chrysophycean  1780 - - - - - - - 

Dinophyceae 
Peri  di ni urn sp 

Cryptophyceae - - 1780  1780 356U 3560 178U - 
Ci l i a t a  

Strombi d i m  sp 

Miscell  aneous 
Uac ter i   a  
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