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Trace  meta ls   are  wel l -known  contaminants  i n   o f f s h o r e   d r i l l i n g  

wastes ,   inc lud ing   spent  muds, format ion  waters ,  r i g  washing  agents  and some 

o the r   d i scha rges  (Thomas e t  a1 ., 1 9 8 3 ) .   E f f e c t s   o f   d r i l l i n g s   w a s t e s ,   l i k e l y  

caused  by  t race  meta ls ,   have  ranged  f rom  h is topatholog ica l  damage a t   t h e  
o r g a n i s m   l e v e l   ( A r c t i c   L a b o r a t o r i e s   L t d . ,   1 9 7 9 )   t o   s p e c i e s   d i v e r s i t y  and 

d i s t r i b u t i o n  changes a t   t h e  community  level  s (Maurer e t  a1 . , 1981). Dome 

Petroleum  Ltd.   (1979) i n  a comprehens ive   rev iew,   p red ic ted   tha t   accumula t ion  

o f  heavy me ta l s  was t h e   o n l y   e f f e c t   o f   A r c t i c   o f f s h o r e   p r o d u c t i o n   d r i l l i n g  

t h a t   c o u l d   n o t   e a s i l y  be m i t i ga ted   o r   d i sm issed  as i n s i g n i f i c a n t .  On t h e  
eas t   coas t ,  a rev iew   o f   env i ronmen ta l   conce rns   re la ted   t o   hyd roca rbon  

development on the  Grand Banks n o t e d   t h a t ,   w h i l e   m o s t   i m p a c t s   o f   r i g  
d ischarges  would  be  loca l ized  and  minor ,  an excep t ion   wou ld   be   w i th   t race  

meta ls   assoc ia ted   w i th   p rocess   water   (Dr innon,   1985) .   T race   meta l  s a r e   n o t  
o n l y  good i n d i c a t o r s   o f   e n v i r o n m e n t a l   s t r e s s  on  sea bot tom  communi t ies,   but  

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

To make e x i s t i n g   d a t a   a v a i l a b l e  on s e d i m e n t   t r a c e   m e t a l s   i n  

Hecate S t r a i t   t o  companies  and  reviewers  assessing  impact  of   proposed West 
Coas t   d r i l l i ng ,   sed imen t   chemica l   resu l t s   were   ana lysed  and repo r ted   by  

Sneddon  and Holman; 1982. Dur ing  March,  1984,  surveys  were  completed i n  

Hecate S t r a i t   t o   c h a r a c t e r i z e   t h e   l e v e l s  o f  t r a c e   m e t a l s   i n   t i s s u e s   o f   f i s h  

and  inver tebra tes   o f   bo t tom  communi t ies .  The p u r p o s e   o f   t h i s   s t u d y  was t o  

d e f i n e  base1 i n e   t r a c e   m e t a l  1 eve1 s i n   e p i b e n t h i c   t i s s u e  samples ob ta ined  f rom 

t h e   o t t e r   t r a w l  and surface  sediment  grabs.  Relat ive  species  abundance was 

a1 so repor ted .   Th is   s tudy   shou ld  be regarded as  a p r e l i m i n a r y   r e v i e w   o f  

b a s e l i n e   t i s s u e  and   sed imen t   t race   me ta l   concen t ra t i ons ;   f u tu re   repo r t s  will 
s t a t i s t i c a l l y   a n a l y z e   d a t a   f r o m   s e v e r a l   b a c k g r o u n d   a r e a s   i n c l u d i n g   H e c a t e  

S t r a i t ,   L a r e d o  Sound, S u r f   I n l e t ,   M a s s e t   I n l e t  and Bark ley  Sound  and Q u a t s i n o  

Sound. 

1.1 Studv Area 
The study  area i s  1 oca ted   approx imate ly  9 n a u t i c a l   m i l e s   e a s t   o f  

Rose S p i t   a t   t h e   n o r t h  end o f   t h e  Graham Is land,   Queen  Char1   o t tes   Is1  ands, 
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I B r i t i s h  Columbia (F igure  1). The sampling  stat ions  are shown i n   F i g u r e  2 and 

t h e   c o o r d i n a t e s   a r e   l i s t e d   i n  Appendix I .  
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2 MATERIALS AND METHODS 

2.1 T i  ssue  Samples 
T issue  samples   were   co l lec ted   us ing  a smal 1 o t t e r   t r a w l   w h i c h  

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

towed w i t h  a 3 : l  scope f o r  a d i s t a n c e   o f   a p p r o x i m a t e l y  0.8 km. 
S p e c i e s   c o l l e c t e d   f o r   t r a c e   m e t a l   a n a l y s i s   i n c l u d e d  panda1 i d  

shr imp  (Pandalops is   d ispar)  ; crangon  shrimp  (Crangon communis j ; r a t f i  st1 

( H y d r o l a g u s   c o l l i e i ) ;   h a l i b u t   ( H i p p o g l o s s u s   s t e n o l e p i s ) ;   h a k e   ( M e r l u c c i u s  

p roduc tus ) ;   ska te   (Ra ja   k inca id i  1; r ock f i sh   (Sco rpaen idae)   and   a l l   spec ies  
o f   f l a t f i s h .  The t o t a l   t r a w l   c a t c h  was q u a n t i f i e d   i n   t e r m s   o f   t o t a l  number 

and  weight. 

The shrimp  were  beheaded; t a i l  musc le   (genera l l y  cornposi t e s   o f  2 )  

and  heptopancreas  (composi   tes  of  6 )  w e r e   f r o z e n   f o r   t r a c e   m e t a l   a n a l y s i s .  
F i s h   t i s s u e   c o n s i s t e d   o f   m u s c l e   f i l e t s   w i t h   s k i n  removed.  The l i v e r  and 

g i l l s   f r o m   e a c h   f i s h   s p e c i e s   w e r e   a l s o   s u b m i t t e d   f o r   t r a c e   m e t a l   a n a l y s i s .  
A1 1 b i o t a  s a m p l e s   w e r e   f r o z e n   i n d i v i d u a l l y   i n   w h i r l  pac  bags. 

2.1 .1  Ana ly t i ca l   P rocedures  - T issue.   T issue  t race   meta l   ana lyses  

were  conducted a t   t h e  West Vancouver   Laboratory   accord ing  to   procedures 

out l ined  by  Swingle  and  Davidson (1979) wh ich   were   bas i ca l l y   as   f o l l ows :  
t issue  samples  were  thawed,  b lended,  f reeze-dr ied,   and  oxidized i n  a low 

temperature  asher.  The ash  con ta in ing   the   meta l  1 i c   s a l t s  was t h e n   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   a c i d .  Samples  were  analyzed  on  the  Induct ive 

Coupled  Argon P1  asma ( I C A P )  Opt ica l   Emiss ion  Spect rometer .   T issue 1 eve1 s 

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

b y   t h e   J a r r e l l  Ash 850 AAS w i t h  a FLA 100 ga raph i   t e   t ube   f u rnace .  

For   mercury  analys is ,   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   w e r e   f u r t h e r  

o x i d i z e d   w i t h  50% perox ide ,   hea ted ,   coo led   and   d i l u ted   w i th   po tass ium 

permanganate.  The resu l tan t   so lu t i ons   were   t hen   ana lyzed   by   " co ld   vapour "  

AAS (A tomic   Absorp t ion   Spec t rometer )   w i th   background  cor rec t ion .  
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2.2 Sediment Sampl es 

Sediment  surface  grabs  were  taken a t   f i v e   s t a t i o n s   ( r e f e r   t o  

F i g u r e  2 )  u s i n g  a s ta in less   s tee l   Smi th -MacIn ty re   g rab .  The t o p  2 

cen t ime t res   were   re ta ined   f o r   t race   me ta l   ana lys i s .  Samples  were  frozen 
onboard i n   w h i r l  pac  bags. 

2.2.1 Ana ly t i ca l   P rocedures  - Sediment.  Frozen  sediment  samples  were 

analyzed  by  the West Vancouver   Labora to ry   f o r   t race   me ta l s   acco rd ing   t o   t he  
procedure  out1  ined  by  Swingle  and  Davidson (1979).  The samples  were 

f reeze-dr ied   and  s ieved  th rough an 100-mesh ny lon   s ieve .  They  were  then 

d i g e s t e d   i n  a 4 : l   n i t r i c - h y d r o c h l o r i c   a c i d   m i x t u r e  and  ana lyzed  fo r   t race  

me ta l s   us ing  ICAP.  Low 1 eve1  cadmium  and l e a d   l e v e l  s were  obta ined  us ing  the 
J a r r e l l  Ash 850 AAS w i t h  a FLA 100 g raph i te   t ube   f u rnace .  

2.3 Qual i ty C o n t r o l  

S t a n d a r d   r e f e r e n c e   m a t e r i a l s   L o b s t e r   t a i l  ( N R C ) ,  O y s t e r   t i s s u e  
( N B S ) ,  b o v i n e   l i v e r  (NBS), BCSS marine  sediment (NRC) and MESS marine 

sediment ( N R C )  are,   analysed  wi th   each  batch  o f   samples  processed.  I f  
s ign i f i can t   d i f f e rences   a re   obse rved   be tween   measured   and   ce r t i f i ed   va lues ,  

c o n t r o l   r e s u l t s   a r e  

i o n  1 i m i t s   f o r  I C A P  

methods are  checked  and  the  samples  re- run.   Qual i ty  

i on. D e t e c t  recorded,   and  a re   ava i l  ab1 e f o r   i n s p e c t  

r e s u l t s   a r e  summarized i n  Appendix IV. 
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3 RESULTS AND  DISCUSSION 

3 . 1  B i o t a  

I 
E 
E 
I 
I 
I 

3.1.1 T i  ssue  Trace  Metal s. Mean t i s s u e   m e t a l   c o n c e n t r a t i o n s   f r o m   t h e  

v a r i o u s   o r g a n i s m s   o b t a i n e d   a t   t h e   t r a w l   s i t e   a r e  summarized i n  Table 1. The 

s tandard   dev ia t ion ,   var iance,  maximum, and  minimum l e v e l s  have a l s o  been 
inc luded.   Refer   to   Append ix  I 1  f o r   t h e  raw t i s s u e   d a t a .  

M e t a l   l e v e l s   i n   s h r i m p   c o u l d   b e   c o n s i d e r e d   a s   b a s e l i n e  
c o n c e n t r a t i o n s   ( H a l l   e t  a1 , 1 9 7 8 )   w i t h   t h e   e x c e p t i o n   o f   l e a d   i n   t a i l   m u s c l e  

f o r  Crangon  communis (mean 1 eve l  - .99  mg/kg)  and  Pandalopsis  dispar (mean 

1 eve l  - 1.16  mg/kg) . Most  metal s were  h igher  i n   t h e   h e p o t o p a n c r e a s   t h a n   i n  

t h e   t a i l   m u s c l e   ( i . e .   c o p p e r  - 1180  vs. 13.45  mg/kg; z i n c  - 131 v s .  
50.93  mg/kg;  cadmium - 31.5  vs.  0.18  mg/kg, a r s e n i c  - 125  vs.  69.25  mg/kg; 

molybdenum - .7 vs.  .4  mg/kg  and  manganese 16.5 vs.  3.78  mg/kg). 

Muscle, l i v e r ,  and g i l l   t i s s u e   f r o m   t h e   b o t t o m - d w e l l i n g   f i s h   w e r e  
a n a l y z e d   f o r   t r a c e   m e t a l   c o n c e n t r a t i o n s   ( T a b l e   1 ) .  The m e t a l   l e v e l  s can 

genera l l y   be   cons idered  as   base1  ine  1 eve l  s (Hal  1 e t  a1 . , 1978).   Higher 

c o n c e n t r a t i o n s  o f  copper,   z inc,  cadmium, a r s e n i c ,   i r o n ,  and manganese were 

found i n   t h e  1 i ver  whereas  higher 1 eve l  s o f  a1 uminum and  barium  were  found i n  

t h e   g i l l s .  Molybdenum, lead,   and  mercury   var ied   cons iderab ly  i n   t h e  

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

w i t h   t h e   e x c e p t i o n  o f  arsen ic   wh ich  was 1 ower i n  Antherestes  s tomias 

(Ar rowtooth  F1 ounder) , Hippogl   ossus  s tenol   ep i  s ( P a c i f i c  Hal i b u t  1 and 
Scorpaenidae  (Rockf ish) ;  mean leve ls   f o r   t hese   spec ies   ranged   be tween  5.00 

and  14.71  mg/kg  opposed t o  39.00 - 111.00  mg/kg f o r   t h e   o t h e r   b o t t o m - d w e l l i n g  
f i sh sampl  ed. 

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

t i s s u e   m e t a l   l e v e l s  showed h ighe r   concen t ra t i ons   o f   copper ,   z i nc ,  cadmium, 

and  aluminum i n  shr imp  respec t ive   concent ra t ions   were   approx imate ly  13  mg/kg 

compared t o  < 2 mg/kg for  copper,  50-60  mg/kg  compared t o  16-25  mg/kg f o r  

z i n c ,  .18-.43  mg/kg  compared t o  .08-1.8  mg/kg f o r  cadmium  and  30-87  mg/kg 

compared t o  4-12  mg/kg f o r  aluminum. 
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3.1.2 Q u a n t i t a t i v e   A n a l y s i s .   Q u a n t i t a t i v e   b i o t a   d a t a   ( s p e c i e s  

i den t i f i ca t i on /number / to ta l  w e i g h t )   o b t a i n e d   a t   t h e   t r a w l   s i t e ,  H-1  i s  

summarized i n  Appendix I I I .  Crangon communis and  Pandalopsi s d i  spar  appear 

t o  be  the  most  dominant  species  of   shr imp,  whereas  Antheresthes  stomias 

(A r rowtoo th   f l ounder )  was the   dominan t   f i sh   spec ies .   Th i s   i n fo rma t ion  will 

be v a l u a b l e   f o r   f u t u r e   c o m p a r i s o n s   w i t h   o t h e r  base1 ine   a reas .  

3.2 Sediment  Trace  Metals 
The mean t race   meta l   con ten t   found  f rom  the   sed iment   g rabs   a re  

shown i n  Table 2. 

Surface  sediment  metal   levels  were  comparable  between  the  f ive 

s t a t i o n s  ( H - 1  t o  H-5) w i t h   t h e   e x c e p t i o n   o f   l e a d ,   i r o n  and  manganese which 

w e r e   c o n s i d e r a b l y   h i g h e r   a t   S t a t i o n s  H-3 and H-4; r e s p e c t i v e   c o n c e n t r a t i o n s  

were  23-24  mg/kg  compared t o  3-5  mg/kg f o r   l e a d ,  98,800-93,200  mg/kg  compared 
t o  15,200-33,300  mg/kg f o r   i r o n  and  402-416  mg/kg  compared t o  197-262  mg/kg 

f o r  manganese. 
Sediment  samples  were  a lso  col lected  by  the  Paci f ic   Geoscience 

Centre  nor thern  Hecate  St ra i t   dur ing  June  and  September,   1979  and  analysed 

f o r   t r a c e   m e t a l s  by EPS (Sneddon  and  Holman, 1982). The t r a c e   m e t a l   l e v e l s  

ob ta ined   f rom  th i s   su rvey   a re   compared   w i th   t he   1984   sed imen t   l eve l s   i n  

Table 3.  The meta l   concent ra t ions   have  no t   subs tan t ia l l y   changed  be tween  the  

two  sampl ing   per iods   and  can  be   cons idered  as   base l ine   leve ls .  
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TABLE 3 TRACE  METAL  CONCENTRATIONS I N  HECATE STRAIT MARINE SEDIMENTS 

- 1979 VS. 1984 

METAL 

Pb 

Cd 

Zn 

Mo 

A s  

Fe 

A1 

cu 

RANGE - MG/KG DRY WEIGHT 

1979* 

2.68 - 11.2 

< 9.65 - 21.6 

< -5 - 1.64 

13.2 - 48.3 

< 17.9 - < 24.7 

- 

16,500 - 49,400 

5,050 - 18,000 

1 
I 

* Sneddon and  Holman (1982) - S t a t i o n s  1-14 

1984 

3.3 - 5.1 

3 - 24 

.3 - .5 

24.0 - 41.5 

0.8 

8.0 

15 ,200 - 98,800 

5,030 - 10,850 
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SAMPLING  STATION  COORDINATES - HECATE  STRAIT - MARCH 1984 

STAT1 ON 

H- 1 

H-2 

H-3 

H-4 

H-5 

H-5 

PARAMETER 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

. 
Trawl 

DEPTH 

(m) 

111 

32 

40 

37 

121 

s t a r t :  

f i n i s h :  

LATITUDE 

54'12.5'N 

54'13.78 

54'15.48 

54"16.84'N 

52'18.42'N 

54'18.34'N 

54'18.18'N 

LONGITUDE 

131'21.00'W 

131'22.74'W 

131'23.55'W 

131'24.20'W 

131'24.97'W 

131'24.26'W 

131'25.96'W 
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APPENDIX I11 OUANTITATIVE BIOTA ANALYSIS - HECATE STRAIT - MARCH 1984 
( S t a t i o n  H - 1  ) 

SPECIES 

MOLLUSCA - Gastropods 
T r i c h o t r o p i s   c a n c e l  1 a t a  

ARTHROPODA - Isopods 
- Caridea 

Crangon  communis 
Pandal  opsi s d i   s p a r  
Pandal i s  borea l  i s  
P a s i p h a e   p a c i f i c a  
Spi r o n t o c a r i  s sp. 

BRANCHYURA 
Hyas l y r a t u s  

ECHINODERMATA 
- ASTEROIDEA 
- OPHIURODEA 

Gorgoncephal  us  eucnemi s 

C h i r i d o t a  sp. 
- HOLOTHURODIA 

CORDATA - PISCES 
Parophyrys   ve tu l   us  
G lyp tocepha l   us   zach i   rus  
Gadus macrocephalus 
Hippogl   ossus  s tenol   ep i  s 
C1 upea  harengus  pal 1 a s i  
Antheresthes  s tomias 
R a j a   k i n c a i d i  
Boccaio sp. 

Hydro1  agus col 1 i e i  

COMMON NAME 

Harry  she1 1 
Moonsnai 1 

S ides t r ipe   Shr imp 
Pink  Shrimp 

G1 ass  Shrimp 
- 

Lyre  Crab 

- 
Basket   S tar  

B r i t t l e   S t a r  

Engl i s h  Sol e 
Rex So le  

Paci  f i c Cod 
P a c i f i c   H a l i b u t  
P a c i f i c   H e r r i n g  

Arrowtooth F1 ounder 
B1 ack  Skate 

R o c k f i s h  
R a t f  i sh 

NUMBER 

2 
1 

1 

91 
49 
19  
1 
1 

4 

1 
1 

Several  

1 
3 
3 
1 
6 

10 
1 
1 
4 

TOTAL 
WE I GHT 
(9) 

- 
- 

- 

111 
5aa 
- 
- 
- 

- 

- 
- 

- 

252 
150 

204  9 
1400 

92 
- 

400 
< 50 

200 
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n APPENDIX IV TRACE  METAL  DETECTION  LIMITS 
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