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ARSTRACT 

A she l l f i sh   heavy-ne ta l   mon i to r ing  program was conducted i n  1973 i n  

those  coas ta l   a reas   o f   Br i t i sh  Columbia  where the  pulp and paper 

i ndus t r y  i s  i n v o l v e d   i n  groundwood  bleaching. A b r i g h t e n i n g   a g e n t   i n  

the  b leaching  process  resul ted i n  a considerable amount o f   z i n c   e n t e r i n g  

rece iv ing   waters  and  the  biosphere. The bioaccumulation o f   z i n c  by  the 

P a c i f i c   o y s t e r  prompted  the  industry  to  convert  t o  a new bleaching com- 

pound which  would  largely  e l iminate  z inc  f rom  the  ef f luent  d ischarges. 

The monitoring  program showed the  degree o f  heavy-metal  contamination 

i n   s h e l l f i s h  and sediments, and obtained  background  informat ion  for  

f u t u r e  use i n  determining  heavy-metal  deplet ion  rates and recovery 

time  of  the  marine  system. 



RESUME 
. /  

En 1973,  on a e n t r e p r i s  un  programme  pour c o n t r g l e r  les e f f e t s   d e s  mEtaux l o u r d s  

s u r  les  c r u s t a c 6 s   d a n s  les  eaux c6tiPres de  l a  Colombie-Britannique oij l ' i n d u s t r i e  

d e s  pii tes e t  p a p i e r  f a i t  l e  blanchiment   de  pi i tes   m6caniques.   Par   sui te   de 

l ' emplo i   d ' un   agen t   de   h r l l l ance   dans  l e  proc6dk  de   b lanchiment ,   une   quant i t6  

c .onsid&rahle  d c ~  z i n c   p 6 n C t r a i t  lcs  cnux r 6 c e p t r i c e s  e t  l a  hiosph 'ere .   L 'absorpt ion 

5 dosc! mnssivc! du  z i n c  par lcs h u f t r e s  d u  I 'acif ique a i n c l t i .  1.n di rec t .1on   de  

I ' i n d u s t r i c  du pnpic*r 5 ut  tllsc!r un nouveau compose d e  b1~anc:hirnent qui C l i m i n e r a i t  

c n  grandc p a r t  ic  l a  presence du z i n c   d a n s  l'ef f l u e n t   d e   l ' u s i n e .  

Le programme a r 6 v E l 6   l ' i n t e n s i t k   d e  l a  con tamina t ion   sub ie   pa r  l e s  c r u s t a c 6 s  

e t  l es  sgdiments sous l ' a c t i o n  d e s  mktaux  lourds e t  a fou rn i   des   r ense ignemen t s   de  

b a s e   q u i   s ' a v 6 r e r o n t  trGs u t i l e s   p o u r   d k t e r m i n e r  B q u e l l e  vitesse se dEpeuplent 

les  eaux  de mer s o u s   l ' e f f e t   d e s   m 6 t a u x   l o u r d s  e t  combien  de  temps e l l e s  prennent  

pour se r6gEnErer. 

t 
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CONCLUSIONS 

Elevated levels of zinc were  found i n  the  Pacific  oyster,  Crassostrea 
gigas, exposed t o  effluent from  groundwood bleaching p u l p  mills in 
British Columbia. The zinc  concentrations  correspond  to known or   ant ic i -  
pated effluent flow patterns and  can be used to determine  the  extent of 
pulp mill  influence. In addition  to high zinc  levels,  the  oysters i n  
the Crofton area showed a deterioration  in  physical  condition w i t h  in- 
creasing  proximity t o  the  effluent  discharge. 

Mussels and  clams analysed d u r i n g  the  study d i d  not show significant 
copper and z i nc  con  tami nation. 

A1 though the amount of zinc  in  the  effluent  discharge of groundwood 
mills i n  the  Province has been greatly reduced, oysters may continue  to 
accumulate above natural  concentrations of metals from contaminated 
sediments. Continued monitoring i s  required t o  document the depletion 
ra te  of excessive amounts of zinc i n  sediments and shel l f ish,  and  would 
provide  valuable  information  regarding  ecological  recovery  times. 
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1 INTRODUCTION 

I n   r e c e n t   y e a r s   t h e   a b i l i t y   o f   t h e  sea to   adequate ly   d iss ipa te  

indus t r ia l   d ischarges  has  been quest ioned.   Cer ta in   const i tuents   o f  

i n d u s t r i a l   e f f l u e n t   a r e   r e t a i n e d  and concentrated i n  the  biosphere,  thus 
comp l i ca t i ng   t he   p rocess   o f   d i l u t i on  and d i s p e r s i o n .   M o l l u s c a n   f i l t e r  

feeders,  and i n   p a r t i c u l a r   o y s t e r s ,  have t h e   a b i l i t y   t o  accumulate 

p o t e n t i a l l y   t o x i c  heavy m e t a l s   t o   l e v e l s   g r e a t l y   i n  excess o f  those 

o c c u r r i n g   i n   t h e i r   e n v i r o n m e n t .  Once in t roduced  in to   the   rece iv ing   water ,  

the   t race   meta ls  may be taken up b y   t h e   s h e l l f i s h   d i r e c t l y   f r o m  sea water 

o r  by i nges t i on   o f   pa r t i c l es   wh ich  may be  suspended i n  the  water  or   taken 

d i r e c t l y   f r o m   t h e  sediment. Work done i n  Tasmania, Aus t ra l ia ,  on the 

Paci f ic   oyster,   Crassostrea  gigas,  (Ayl ing,   1974) showed t h e   l a t t e r   p r o -  

cess o f   accumula t ion   to  be the  most  important and suggests t h a t  accumu- 

l a t i o n   f a c t o r s  based  on  the  concentrat ion  of   metals  d issolved  in sea 

water  could be grossly  misleading. Cadmium, lead, and zinc  uptake was 

r e l a t e d   t o   t h e  amount o f  each  metal   avai lable i n  the  sediments  rather 

t h a n   t o  body s i z e  as was previously  thought.  Copper appeared t o  be 

absorbed  by a phys io log ica l   process  to  a maximum concentration  dependent 
on the   s i ze   o f   t he   oys te r .  

The uptake and concen t ra t i on   o f   ce r ta in   t race   me ta l s   i s  a 

n a t u r a l  and ob l i ga to ry   f unc t i on   o f   she l l f i sh .   Z inc   ac ts  as  an enzyme 
a c t i v a t o r  and there fore  i s  necessary f o r  normal  biochemical  functions. 

This  element i s   a l s o  a cons t i tuent   o f   impor tan t   meta l lo -p ro te in  enzymes 

such as carbonic  anhydrase  (Keil i n  " e t  a1 , 1940).  Copper i s  an enzyme 

a c t i v a t o r ,  a c o n s t i t u e n t   o f  a f lavo-pro te in ,  and  has a r o l e   i n   t h e  

hemocyanins  found i n   t h e  hemolymphs of   certain  mol luscs  (Mahler,   1956).  

These essential  elements may  become tox ic ,  when p r e s e n t   a t   u n n a t u r a l l y  

high  concentrat ions,  by  poisoning enzyme systems  and  consequently im-  
pa i r ing   the   g rowth ,   reproduc t ion ,   o r   metabo l ism  o f  an organism  (Pr ingle 

" e t  a1 , 1968). . 
She l l f i sh   a re   capab le  o f  concentrat ing  t race  meta ls   to  many 

t imes  the  natura l   leve ls   wi thout  showing a d e t e r i o r a t i o n   i n   p h y s i c a l  . 
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condi t ion.  Some spec ies   a re   par t i cu la r ly   adept   a t   concent ra t ing   z inc ,  

copper, and cadmium,  a1 1 o f  w h i c h   a r e   p o t e n t i a l l y   t o x i c   t o  humans 

(Dlacow,  1972).  Vomiting and depression o f   b lood   coun t  have  been 

a t t r i bu ted   t o   z inc   con tamina t ion   i n  mammals a1 though  the  concentrat ions 

r e q u i r e d   t o  cause these  cond i t ions   a re   no t   c lear ly  known (Drinnan,  1966). 

Oysters  col lected  f rom  the  Derwent  River  Estuary i n  Tasmania caused 

symptoms o f  nausea and  vomit ing when eaten (Ratkows ky " e t  a1 , 1974). 

These oysters  were found  to   con ta in   z inc ,  copper,  and cadmium a t   t h e  

ve ry   h igh   l eve l s   o f  10,000 vg/gm, 130 pg/gm, and 34 pg/gm, respec t ive ly ,  
measured  on a wet-weight  basis.  In  comparison,  background  levels o f   z i n c ,  

copper,  and cadmium f o r   o y s t e r s  grown i n  Tasmanian waters  were 1,000 pg/gm, 

30  pg/gm, and 2 pg/gm, respec t ive ly .  The Derwent  Estuary  receives  run- 
o f f  o f  heavy metals  associated  wi th  roof   tops,  sewage, and i n d u s t r i a l  
e f f l u e n t   f r o m  an e l e c t r o l y t i c   z i n c   p l a n t .  

A s i g n i f i c a n t   s o u r c e   o f   z i n c   c o n t a m i n a t i o n   i n   c e r t a i n   B r i t i s h  

Columbia  coastal  areas has been the  pu lp and  paper indus t ry .  Unt i l  
r e c e n t l y  groundwood (mechanical)  pulp used i n  the   p roduc t i on   o f   newspr in t  

underwent a br ightening  process  employing  z inc  hydrosulphi   te.  A survey 

con t rac ted   by   t he   B r i t i sh  Columbia  Forest  Products Company, which  operates 

a pu lp  mill a t  Crofton, B.C., r evea led   t ha t   e f f l uen t   d i scha rges  had re-  

s u l t e d   i n  a s i g n i f i c a n t   b u i l d - u p   o f   z i n c   i n   t h e   w a t e r s  and s h e l l f i s h  o f  
the  area.  Subsequently an a l te rna t ive   b leach ing   agent  was considered. 

I n  1973, representa t ives   o f   the   pu lp  and paper   indus t ry   ind ica ted  

t h a t   f o u r   B r i t i s h  Columbia p u l p   m i l l s  would  be  changing t o  a new b leaching 

compound, sodium  hydrosulph i te ,   for  groundwood pulp.  The  new compound 

was t o  be produced  by  the  Borol  process  with  the  by-product,  sodium 

metaborate,  being  discharged  into  the  pulp mill sewers. The conversions 

were completed a t   f o u r   c o a s t a l   p u l p   m i l l s   b y  September, 1974. A f i f t h  
groundwood pulp mill, l o c a t e d   a t  Ocean Fal ls   approx imate ly  300 m i les  

n o r t h   o f  Vancouver,  has y e t   t o   i n i t i a t e  a convers ion   to  sodium  hydro- 

su lph i te .  
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Since  the  process change would largely  eliminate  zinc from 
the  effluent  discharge,  the Environmental Protection  Service  initiated 
a program to determine  the  present  zinc  levels i n  shel l f ish found i n  the 
areas  affected, and to monitor changes resulting from the change-over to 
the Bora1 process. This was part of a joint  study w i t h  the  Fisheries 
and Marine Service  (Fisheries  Operations and Fisheries Research and 
Development), Environment Canada; the  Province of  British Columbia, 
Pollution Control Branch; and the  various companies involved. Other 
programs investigated  the  acute  toxicity o f  boron to fish and oysters, 
the  uptake  of boron by fish and oysters, and the  effect  o f  boron on 
phytoplankton. The preliminary  results of these parts o f  the study are  
reported  el sewhere ( E n v i  ronmen t Canada Report,  1973). 

The portion of the  study  carried  out by the Environmental 
Protection  Service  included  the  following: 

- An extensive  field program for  the  collection of biological, 
sediment, and water samples from control  areas and where 
groundwood bleaching was i n  progress. 

- Analysis of the above-mentioned samples for heavy metal con- 
tent  w i t h  particular emphasis on zinc  concentrations. 

- Condition factor (CF)  measurements on - C.  gigas  to  determine 
i f  a  correlation  exists between the heavy metal content of 
an oyster and i t s  physical  condition. CF i s  a measure of 
the plumpness or fatness of an oyster. 
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2 METHODS 

2.1 Sampling _. - - - Per iod - and Locat ion -.- - 

The f o l  1 owing  four groundwood bleaching m i  1 1 s were  sampled: 

the   MacMi l lan   B loede l   m i l l s   a t   Powel l   R iver  and P o r t   A l b e r n i ;   t h e   B r i t i s h  

Columbia  Forest  Products mill a t  Crofton; and the Crown Zel lerbach mill 
near Campbell River  (see  Figure 1).  Stat ions,  as shown i n  Figures 2 t o  

4, were e s t a b l i s h e d   t o   d e f i n e   t h e   o u t e r   p e r i m e t e r   o f  any  heavy  metal 

contamination. These areas were  sampled i n  May, 1973, f o r   t h e   i n i t i a l  
background  data.  Supplementary samples o f  mussels and clams  were 

co l l ec ted   f rom  se lec t   a reas   i n   Augus t  and October, 1973 (see  Appendix 11). 
The pu lp  mill a t  Ocean F a l l s   i s   s i t u a t e d   i n  Cousins I n l e t  which does n o t  

suppor t   natura l   populat ions  o f   oysters  and, therefore,  was no t   inc luded 

i n  the  monitoring  program.  In June, 1973, Gambier Is land, Nanoose 

Harbour,  Lasqueti Is1 and, and Sooke Basin  were added  as c o n t r o l   s i t e s  

and/or  for  background  data. 

I n   o r d e r   t o   r e c o r d  any  seasonal f l u c t u a t i o n  i n  heavy  metal  con- 

t e n t   o f   t h e   P a c i f i c   o y s t e r ,   t h i s   s p e c i e s  was co l lec ted   aga in  i n  August, 
1973, and November, 1973. During  the November c o l l e c t i o n ,   s t a t i o n s  A13 

and A24 were  added i n   t h e  Powell  River  area and s t a t i o n  D14, i n  the 

Crofton  area, was re loca ted  on Ruxton  Island. To reduce  the number o f  

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

s ta t i ons  have  been f r o z e n   f o r   f u t u r e   a n a l y s i s .  These s t a t i o n s  have  been 

deleted  f rom  the  f igures.  

2.2 Field  Procedures 

2.2.1 - B i o l o g i c a l   S a T l e s .  - Oysters,  mussels, and clams  were c o l l e c t e d  

from each s t a t i o n  when a v a i l a b l e  and p u t   i n   f r o z e n   s t o r a g e .  The species 

co l l ec ted  were the   Pac i f i c   oys te r ,  - C. g igas;   the  edible  mussel ,   Myt i lus 

edul i s  ; the 1 

fjya- arenar ia ;  

c o n s i s t i n g   o f  

en t   l oca t i ons  

i t t le -neck  clam, Protothaca  staminea;  the  soft-shel led clam, 

and the   bu t te r  clam,  Saxidomus giganteus.  Oyster samples, 

two t o   f i v e   i n d i v i d u a l s  each,  were t a k e n   f r o m   f i v e   d i f f e r -  

a long   t he   m idd le   i n te r t i da l  zone a t  each s ta t ion   to   account  

? 
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f o r  any loca l   var ia t ions .   Oys ters   o f   average  s ize   fo r  each p a r t i c u l a r  

area were co l lec ted .  The number o f  mussels and clams co l l ec ted   f rom 

each s t a t i o n  was dependent on the  organisms'  size and  hence the   quan t i t y  

o f   t i ssue  ava i lab le   fo r   ana lys is .  The shucked  meat was placed i n  

p l a s t i c  bags  and f rozen  to   awai t   analys is .   Dur ing  handl ing,   care was 

taken  to   avoid  meta l   contaminat ion;   th is   inc luded  the  wear ing  o f  

p las t i c   g loves  and the use o f   p o r c e l a i n   t o o l s  when poss ib le .  

2.2.2 Condi t ion  Factor  Determinat ions.  The c o n d i t i o n   o r   f a t n e s s  of 
oys ters  i s  usually  determined  by  measuring  the  degree  to  which  oyster 

meats fill t h e   s h e l l   c a v i t i e s .   T h i s   i s   p o s s i b l e  because o f  a regu la r  

re la t ionsh ip   wh ich   ex is ts  between t h e   t o t a l  volume o f  whole  oysters 

and the volume o f  the  shel 1 cavi ty  (Quayle,   1969).  Volumes are  gen- 

e r a l l y  found  by  displacement  or by weighing i n   a i r  and  water,  the 

volume o f   t h e   s h e l l   c a v i t y   b e i n g   t h e   d i f f e r e n c e  between  the  whole  oyster 

and the  shel   Is ,   a f ter   shuck ing.  

In   the  present   s tudy,   the method o f  weighing i n   a i r  and water 

proved  unsui table because o f  the  error  introduced  by  bubbles  trapped 

w i t h i n   t h e   s h e l l s  o f  whole, i n tac t   oys te rs .   Th i s  was t r u e   o f   o y s t e r s  

f resh ly   co l l ec ted   f rom an i n t e r t i d a l  zone covered  by  the  t ide, as we1 1 

as f o r   o y s t e r s   c o l l e c t e d  and frozen  before  weighing.  Displacement 

measurements  were no t  used  because o f  t ime   l im i ta t i ons .  The method 
adopted was t o  weigh  the  whole  oyster, remove the meat,  and then  weigh 

the empty she l l s .  The shel l   weight  subtracted  f rom  the  whole  oyster 

we igh t   y ie lds  a value  which  closely  approximates  the volume  measurement 

o f   t h e   s h e l l   c a v i t y .  

Those specimens o f  - C. g igas   co l l ec ted  i n  August, 1973, f o r  

cond i t ion   fac to r   de termina t ions  were  weighed on the  day o f   c o l l e c t i o n  

to   avo id   mo is tu re   l oss .  The shucked oys ter  meat was f rozen  and he ld  

f o r   d r y   w e i g h t  measurements t o  be app l i ed   t o   t he   equa t ion :  

CF = d r y   w e i g h t   o f  meat 
weight   o f   whole  oyster  - weight o f  s h e l l s  x 1000 
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2.2.3 Water  Samples. \later was collected from several stations in 
each area a t  depths o f  0 and 5 metres  using a Van Dorn  sample bottle. 
The  sample  was  passed  through a 0 . 4 5 ~  millipore f i l t e r  to  remove plankton 
and acidified with Transistar grade HN03 (10 mls/litre). The samples 
were stored i n  neoprene bottles. 

2.2.4 Sediment  Samples.  Sediment  samples  were collected on the 
August, 1973, survey  using a Ponar  grab sampler. The samples  were p u t  
i n  p las t ic  containers and frozen t o  await analysis. 

2.3 Analytical Procedures 

2.3.1 Biological Samples. The analytical techniques used for the 
determination of heavy metal and boron content i n  the shellfish appear 
below. The analyses were  performed on the whole body tissue of the 
organisms. 

Zi nc, Copper, Cadmi um 
- whole tissue samples  were dried for 48 hours a t  110°C 

then  ground i n  a mortar and pestle. 
- one-gram portions were  then digested i n  10 mls  conc. 

nitric ac id  for  approximately 6 hours. 
- samples  were made u p  t o  100 mls w i t h  water and analysed 

w i t h  a Jarrell Ash Atomic Absorption (AA) unit, 

Mercury 
- whole tissue samples  were digested i n  conc. sulfuric acid 

for approximately 12  hours and then  heated t o  85 - 90°C 
while  adding  hydrogen peroxide  drop-wise t o  complete 
di  ges t i  on. 

- the sample  was  then  reduced t o  i t s  elemental state with 
stannous sulfate and purged w i t h  argon gas t o  carry the 
vaporized  mercury i n t o  the measuring cell. 

- the mercury  was  measured by flameless atomic absorption 
w i t h  the Jarrell AA u n i t .  
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Boron 

- a s impl i f ied  spectrophotometr ic  curcumin method developed 

by R. E. Drew (1973) o f   t he   F i she r ies  and Marine  Service 

was used to  determine  boron (B)  concentrat ions i n  oysters.  

The method involves a sulphuric  acid-hydrogen  peroxide 

d i g e s t i o n   a t  lOO"C,  fo l lowed by format ion  o f   the  boron-  

curcumin  complex  (rosocyanin) u t i l i z i n g  a v a r i a t i o n   o f  

the method devised  by Uppstrom ( 1  968) . 

" - " . 

2.3.2  Water  Samples. These samples  have n o t  been  analysed due t o  
a n a l y t i c a l  problems  associated  with  the  analysis o f  heavy metals i n  
sea water. 

2.3.3 Sediment Samples. Sediments were d r i e d   a t  103°C t o  a constant 

weight ,   d igested  wi th  aqua r e g i a  and  conc. h y d r o f l u o r i c   a c i d  and then 

analysed  for  zinc,  copper, and  cadmium w i t h  a J a r r e l l  AA u n i t .  
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FIGURE a .  POWELL R I V E R ,  8. C .  
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FIGURE 0. L A S O U E T I   I S L A N D   A N D   N A N D O S E  HARBOUR,  8. C. 

FIGURE c S O O K E  B A S I N .  a . c  ,I.'. I. s.,... 

FIGURE b G A M B I E R   I S L A N D ,  B . C  

FIGURE 3 SHELLFISH  STATION  LOCATIONS 
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3 RESULTS 

3.1 Zinc Concentrations  in  the  Pacific  Oyster 

The mean zinc  concentrations i n  whole oysters from the May 
and June, 1973, collections are shown i n  Figures 5 to 11. Table 1 gives 
the mean zinc  concentrations i n  - C. gigas  for  the  three sampling periods, 
May, August,  and November, respectively. Each value  represents the mean 
of five samples taken from each station. For more detailed  information 
on the  zinc  results,  refer  to Appendix I .  

3.2 Other Heavy Metals and Boron in  the  Pacific  Oyster 

The concentrations of  copper and cadmium found i n  - C. gigas 
appear  in Appendix I .  Table 2 shows the mercury content of oysters 
collected i n  May, 1973; the  results  are mean values of  5 samples per 
station expressed on a wet-weight basis. In  June, 1974, oysters were 
collected and analysed for boron to  establish background levels  before 
an appreciable amount of  sodium metaborate had entered  receiving  waters 
as a resu l t  of the  process change. These results  are  presented i n  
Table 3 and represent mean values of 3 samples per s ta t ion expressed 
on a wet-weight basis. 

3.3 Zinc Concentrations i n  Mussels and Clams 

Table 4 shows  mean zinc  concentrations i n  - P .  staminea, 
- S .  giganteus, - M. arenaria, and - M. edulis. Note t h a t  these  values  are 
considerably lower than  those  for  the  Pacific  oyster and thus are  not 
of major concern b u t  are  useful  for comparative  purposes. Clams and 
mussels were also  analysed  for  copper;  these  results  are shown i n  
Appendix I I a1  ong with more detailed  data on the t i  nc analyses. 

3.4  Condition  Factor 

Condition factor,  as determined from shell  cavity volume, 
gives a value ranging from about 40 (very t h i n  oysters)  to  about 150 
(very plump oysters)  according  to  Quayle, 1969. The resul ts  of the 
present  study  appear i n  Table 5. The condition of  oysters was related 
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to   the   d is tance away from  the  pulp mill o u t f a l l   t h a t   t h e  samples  were 

taken.  Al though  considerable  var iat ion was found  between  oysters  from 
the same s ta t i on ,  a t rend  can be seen i n  the  Crof ton  area  wi th   the 

oys ters '   cond i t ion   genera l l y   improv ing   w i th   inc reas ing   d is tance  f rom 

t h e   o u t f a l l .  

3.5 Sediment  Analysis 

Table 6 shows the   leve ls   o f   z inc ,   copper ,  cadmium, and lead 

found i n  sediments  co l lected  f rom  the  four   pu lp mill areas. A d e f i n i t e  

t rend was seen i n   z i n c   c o n c e n t r a t i o n s   a t   s t a t i o n s   l o c a t e d   v a r i o u s  

distances  from  the p u l p  mill o u t f a l l   a t   P o r t   A l b e r n i .  The z i n c   l e v e l  

o f  1,70Ovg/gm c l o s e   t o   t h i s   o u t f a l l  was considerably  greater  than 

those  found a t  t he   o the r   pu lp   m i l l s .  The r e l a t i v e l y   h i g h   z i n c  concen- 

t r a t i o n  (630 pg/gm) f rom  s ta t ion  3 a t  Campbell R iver  was b e l i e v e d   t o  be 

t h e   r e s u l t  o f  contamination  after  sampling. 
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FIGURE 5. MEAN DRY WEIGHT Z I N C   C O N C E N T R A T I O N S  
IN  C * g i g O S  - POWELL RIVER,  6.C.- M A Y  1,973 
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FIGURE 6. MEAN DRY WEIGHT  ZINC  CONCENTRATlONS 
i N  C. g i g a s - C A M P B E L L  RIVER,B.C . -MAY 1973. 
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S C A L E  IN KILOMETERS 

F I G U R E  7. MEAN DRY WEIGHT  ZINC  CONCENTRATIONS 
IN  C. g i g a s  - P O R T  A L B E R N I ,  B.C.  

M A Y  1973 
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FIGURE 8. MEAN DRY WEIGHT ZINC CONCENTRATIONS 
IN C. g i g a s  - CROFTON. B.C. - MAY 1973 



F l G U R E 9 .  MEAN D R Y  WEIGHT  Z INC  CONCENTRATIONS 
I N  C. g i g a s  - GAMBIER  ISLAND,B.C.  - JUNE 1973 
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TABLE 1 MEAN SEASONAL Z INC CONCENTRATIONS I N  CRASSOSTREA GIGAS 

8 

Zinc ug/gm 

S t a t i o n  May August November 

Dry w t .  Wet w t .  Dry w t .  \Jet w t .  Dry w t .  Wet w t .  

Powel 1 R iver  
A-1 3 
A-14 
A-1 6 
A-1 9 
A-20 
A-21 
A-23 
A-24 
A-25 

Campbell R iver  
B-14 
B-16 
B-17 
B-18 
B-19 
B-20 
B-21 

A1 b e r n i   I n l e t  
C-15 

Cro f ton  
D-9 
D-10 
D-1 1 
D-12 
D-13 
D-14 
D-15 
D-16 
D-17 

- - 
9,060 1,360 
8,740 1,472 

17,280 2,120 
7,720 1,170 
7,260 1,120 
6,680 856 

10,600 1,604 
- - 

3,940 650 

5,780 656 
4,660 742 
4,800 644 
4,640 824 
5,360 1,024 

- - 

10,600 2,180 

6,360 1,066 
10,020 1,420 
4,600 768 
4,760 896 
2,080 320 
2,920 520 
6,960 1,300 
7,840 - 
8,060 1,150 

- 
12,200 1,700 
13,600 1,900 
9,500 1 ,100 
5,500 770 
5,700 690 

11,800 1,700 
- - 

3,000 560 
2,900 520 
4,900 730 
4,600 780 
4,000 620 
5,400 1 ,080 
6,800 1,170 

10,700 2,180 

4,300 
8,000 
4,100 
3,000 
2,300 

5,000 
9,300 

16,900 

900 
1,040 

730 
620 
480 

980 
1,270 
1,700 

- 

7,600 
5,900 
9,300 

15,900 
8,000 
5,200 
4,300 
6,500 

13,000 

4,000 
3,300 

3,400 
- 
- 
- 
- 

4,500 
11,300 
5,800 - - 
2,100 
6,200 
6,400 

12,700 

850 
820 

1,580 
2,320 
1,260 

800 
680 
850 

1,400 

900 
600 

61 0 
- 
- 
- 

- 

840 
1,150 
1,130 - 

- 
460 
790 
760 

1,270 
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TABLE 2 SHELLFISH  TISSUE  ANALYSIS - MEAN MERCURY CONTENT I N  
CRASSOSTREA ___ GIGAS, MAY, 1973 

. . " .  - 

Area S ta t i on  Hg(rq/gm) 

Powel 1 R iver  A-1 4 
A-1 9 
A-20 
A-23 

Campbell R iver  

A l b e r n i   I n l e t  

Crof   ton 

B-14 
B-17 
B-18 
B-19 
B-20 

C-15 

D-9 
D-10 
D-11 
D-14 
D-15 
D-16 

Nanoose Bay F-1 

Lasquet i   I s land F- 2 

Gambier I s 1  and G-1 
6-2 
G- 3 

0.067 
0.057 
0.048 
0.038 

0.038 
0.034 
0.057 
0.036 
0.037 

0.182 

0.035 
0.028 
0.114 
0.219 
0.146 
0.141 

0.031 

0,101 

0.146 
0.200 
0.229 
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TABLE 3 SHELLFISH TISSUE ANALYSIS - MEAN BORON CONTENT I N  
. CRASSOSTREA - .. - - GIGAS, JUNE, 1974 

Area 
Boron pg/gm wet w t .  

Range Mean 
S ta t i on  

Powel 1 R iver  A-1 3 
A-14 
A-1 6 
A-1 9 
A-20 
A-21 
A-22 
A-23 
A-24 
A-25 

Campbell R iver  B-14 
B-16 
B-19 
B-20 

A1 b e r n i   I n 1   e t  C-15 

3.3 - 3.4 
3.3 - 4.4 
3.1 - 3.3 
2.5 - 2.7 
4.9 - 5.2 
3.8 - 4.2 
3.4 - 3.6 
3.0 - 3.2 
2.9 - 3.3 
3.3 - 3.4 

4.7 - 5.3 
2.9 - 3.3 
3.7 - 3.9 
3.7 - 4.4 

1.8 - 2.0 

3.3 
4.1 
3.3 
2.6 
5.1 
4.0 
3.5 
3.1 
3.1 
3.4 

5 .O 
3.1 
3.8 
4.1 

1.9 
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TABLE 4 SHELLFISH TISSUE ANALYSIS - MUSSELS AND CLAMS 

Protothaca  staminea Powel 1 R iver  A-1 6 
Campbell R iver  B-16 

B-17 
B-18 
B-19 
B-20 

A l b e r n i   I n l e t  C-15 
Crof   ton D-9 

D-11 
D-13 
D-15 

Saxi domus g i  gan teus Powel 1 R iver  A-1 6 
A-1 9 
A-25 

Campbell R iver  B-16 
B-17 
B-18 
B-19 
B-20 

Crof   ton D- 9 
D-11 
D-13 
D-15 

Mya arenar ia  Powel 1 R iver  A-1 9 
A-20 
A-23 
A-25 

A1 b e r n i   I n l e t  C-15 
c-17 
C-18 

Crof  ton D-1 1 
D-15 

3 
3 
5 
5 
5 
3 
5 
5 
1 
4 
5 

5 
5 
2 
3 
5 
5 
5 
1 
5 
1 
5 
2 

2 
5 
5 
3 
5 
5 
5 
5 
2 

Species 

180 
170 
220 
1 70 
7 40 
80 

21 0 
130 
190 
90 
80 

21 0 
160 
110 
80 

120 
90 

110 
150 
1 00 
120 
90 
90 

180 
300 
210 
500 
2  30 
31 0 
260 
89 
70 

24 
23 
31 
27 
18 
13 
28 
16 
28 
15 
12 

32 
26 
20 
15 
17 
14 
17 
26 
17 
19 
22 
14 

26 
41 
25 
36 
26 
35 
29 
12 
9 

con ti nued. . . 
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Species 

. . .con ti nued 

Myti 1 us  edul i s Powel 1 R i  ver  A-14 
A-1 6 
A-21 
A-23 
A-25 

Campbell R iver  B-14 
B-16 
B-17 
B-18 
B-19 
B- 20 

A1 b e r n i   I n l e t  C-15 
C-17 
C-18 

3 
1 
3 
3 
1 
3 
3 
3 
3 
3 
3 
5 
2 
2 

270 33 
240  26 
340 49 
340 55 
390 47 
500 55 
380  47 
150 22 
260 35 
270 36 
180 27 
320 37 
350 63 
270  44 
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TACLE 5 CONDITION FACTOR DETERMINATIONS,  AUGUST, 1973 

No. o f  Condition Factor Miles 
Specimens Range from 

Flean Outfall 
Area 

Powe 1  1 R i ver A-16 
A-1 9 
A-20 
A-21 
A-23 
A-25 

62-1 15 
66-177 
48-  59 
60-1 20 
51- 93 
59-1 14 

82 
108 
53 
94 
74 
87 

5.0 
1.5 
1 .o 
3.0 
6.0 
4.0 

Campbell River B-14 
B-16 
B-17 
B-18 
B-19 
B-20 
6-21 

85-148 
62-145 
68-1 15 
63-1  56 
82-1  36 

103-1  65 
47-  100 

117 
103 
99 

116 
117 
128 
85 

16.5 
10.5 
10.0 
12.0 
6.5 
4.5 
3.0 

Crof ton D- 9 
D-10 
D-11 
D-12 
D-13 
D-15 
D-16 
D-17 

126-1  63 
42-  78 

120-1  95 
85-1  76 

156-221 
115-154 
73-124 
38-  1  44 

145 
61 

161 
129 
183 
133 
93 
73 

7.5 
3.5 
2.0 
5 .O 
7.5 
2.0 
2.0 
1 .o 

Nanoose Bay F- 1 5 98-  149 119 

Lasqueti  Island F-2 5 39-  50 47 

Gambier Is1 and G- 1 
G- 2 
G- 3 

39- 95 
46-1  37 
44- 93 

5 
5 
5 

57 
77 
68 

Condit ion  factor  gives values  ranging from about 40 (very t h i n  o y s t e r s )  
t o  about 150  (very plump oys te rs )   accord ing  t o  Quayle,  1969. 
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TABLE 6 HEAVY METAL CONCENTRATIONS I N  SEDIMENTS, AUGUST, 1973 

(RESULTS I N  pg/gm) 

Powel 1 R iver  1 
2 
3 
4 
5 

Campbell R iver  1 
2 
3 
4 
5 

Crof   ton 1 
2 
3 
5 
6 

A l b e r n i   I n l e t  1 
2 
3 
4 
5 
6 

1 30 
140 
130 
40 
85 

80 
20 

6 30* 
44 
50 

160 
2 30 
210 
180 
190 

1700 
1720 
1060 
470 
690 
500 

50 
20 
20 
30 

- 

20 
5 

10 
10 
10 

50 
20 
40 
40 
40 

90 
90 
70 
60 
60 
70 

< 10 
<10  
< 10 
< 10 
<10 

< 10 
< 10 
< l o  
< 1 0  
< 10 

< 150 
< 150 
< 140 
< 140 
< 140 

< 140 
< 147 
< 144 
< 144 
< 131 
< 126 

~~~~ ~~ 

* poss ib le   contaminat ion 
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4 DISCUSSION 

The results of zinc  analyses of whole oysters from the  four 
pulp mills  previously employing zinc  hydrosulphite  bleaching  confirms 
reports  that  zinc accumulation has occurred i n  shellfish.  In some 
instances  the  zinc  levels  are  considerably above natural background 
levels. The lowest background levels were found i n  oysters  collected 
a t  Sooke Basin (Figure 1 )  where the  concentrations of zinc,  copper, and 
cadmium were 1,300 ug/gm, 51 vg/gm, and 3 pg/gm, respectively. All 
values  referred t o  i n  the  discussion  are  dry weight determinations un- 
less  otherwise  specified. The Sooke Basin levels  are  considerably lower 
than those  obtained i n  Georgia S t r a i t  from Lasqueti  Island and  Nanoose 
Harbour, which are  other  areas removed  from pulp  mill  influences. These 
areas had zinc  concentrations of about  5,500 pg/gm and 3,400 pg/gm, 
respectively. The cause of the  higher t h a n  anticipated  zinc  levels i n  
oysters  collected i n  Boat Cove on Lasqueti  Island i s  unknown. Oysters 
taken from  Gambier Island,  another  area more or  less removed  from p u l p  
mill  influences, showed significantly h i g h  levels of zinc  (6,800 - 
15,000 ug/gm) and copper (760 - 1,700 IJg/gm). These levels,   particularly 
the copper levels,  suggest t h a t  the  discharge from the Br i tannia  Copper 
Mine near  the head of Howe  Sound  may have affected  the  oysters i n  t h i s  
area. 

The highest  zinc  concentrations found d u r i n g  the May, 1973, 
survey were i n  the  order of  19,000 pg/gm, i n  oysters from the Powell 
River area. This was about 16,000 pg/gm above the background level  for 
that  particular  area. Although the very h i g h  zinc  concentrations were 
confined to  oysters from the immediate outfall  areas ( w i t h i n  1 or 2 
miles),  elevated  zinc  levels could be detected  for  considerable  dis- 
tances from the  respective  effluent  discharges. 

The levels of copper, cadmi urn, and mercury in  oysters do not 
seem to be influenced by proximi ty  to p u l p  mil 1 discharges. Concentra- 
tions of  boron i n  oysters were  found t o  be roughly equivalent  to the 
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l eve l   o f   t h i s   e lemen t   na tu ra l l y   p resen t   i n  sea water, i .e.,  3.5 ppm, 

i n d i c a t i n g  no bioaccumulation. 

Zinc and copper l e v e l s  found i n  she l l f i sh   o the r   t han   oys te rs  

do no t   ind ica te   s ign i f i can t   con taminat ion   f rom  the   pu lp   mi l l s   bu t   suggest  

species  d i f ferences  in  t race  metal   uptake  as has been p rev ious l y   re -  

ported. - M. arenar ia  and - M. edu l i s   con ta ined  concent ra t ions  o f  z inc  

consis tent ly   h igher   than E. staminea and 5. g iganteus ,   poss ib ly   ind i -  

c a t i n g  a species  d i f ference i n  the   phys io log i ca l   ro le   o f   t h i s   e lemen t .  

Although  the  sediment  analyses i n  the  present  study showed 

h i g h   z i n c   l e v e l s  a t  on l y  one o f  t h e   p u l p   m i l l s  sampled, recent  work  has 

shown i n d u s t r i a l  sediments t o  be an i m p o r t a n t   c o n t r i b u t o r   o f  heavy 

metals  to  the  b iosphere.  The work done by  Ayl ing  (1974) i n  Tasmania 

revealed  h igh  lead (1,400 ppm) and  copper (220 ppm) leve ls   f rom an 

abandoned t a i l i n g  dump used dur ing  the  goldrush  era.  

Quayle  (1969)   repor ts   that   oysters   co l lected  f rom  near   the 

former  copper  smelter i n  Ladysmi t h  Harbour, B.C., which ended product ion 

around 1949, contained 36,000 ppm z inc  and 20,000 ppm copper. A t  the 

time,  average  levels  found i n  oysters  from  other  nearby  areas were 

10,000 ppm z inc  and  600 ppm copper. The recent ly-establ ished  copper 

and molybdenum mine i n  Ruper t   In le t ,  B.C., has r e s u l t e d  i n  h i g h   l e v e l s  
o f  metals i n  s e d i m e n t s   c l o s e   t o   t h e   t a i l i n g   o u t f a l l .   L e v e l s   o f  28,000 

pprn copper, 1,500 ppm zinc,  and 1,000 ppm molybdenum were repor ted  by 

Utah  Mines  Ltd. (March,  1974) i n  an environmental   monitor ing  report .  

The zinc  concentrat ions  found i n   o y s t e r s  appear to  correspond 

c l o s e l y   t o  known o r   a n t i c i p a t e d   e f f l u e n t   f l o w   p a t t e r n s  and could  be  used 
t o  de termine  the   ex ten t   o f   pu lp  mill influence,  as  discussed  below. 

4.1 Powel 1 River  

Analysis o f  oysters  from  the  Powell   River  area  revealed a much 

higher  level   of   contaminat ion  than  the  other  areas  tested. The  maximum 

average  zinc  concentration  found i n   o y s t e r s  was 17,280 pg/gm, (Table 1 ,  
Figure 5 ) .  These samples  were ob ta ined   nea res t   t o   t he  mill discharge 
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while samples from the  other  stations ranged from 6,680 to 10,000 IJg/gm. 
Zinc levels were noticeably  higher on the  northwestern  side of the 
Powell River mill t h a n  those  to  the  southeast. The average  zinc concen- 
tration found a t  station A14 (approximately 10 miles to  the  northwest) 
was 9,070 ug/gm, compared to 6,680 pg/gm a t  station A23 (approximately 
8 miles  to  the  southeast). 

The pattern of zinc  concentrations  indicates  that  the  net 
eff luent  flow i s  i n  a northwesterly  direction. This i s  supported i n  
observations made by MacMillan Bloedel personnel and  by known current 
movements i n  the  area. The influence of the pulp mill  extends outward 
to Harwood Island where oysters showed an average  zinc  concentration of 
10,600 vg/gm. I n  comparison, oysters  collected from the  western t i p  of 
Texada Island i n  1971 showed a zinc  concentration of 5,600 pg/gm. 

Control samples from  Okeover Arm, which i s  located  north of 
Powell River near  the  entrance  to Toba Inlet ,  had  an average  zinc con- 
centration of 4,200 pg/gm (range 3,200 t o  4,800 pg/gm). These oysters 
were collected far  enough  from the mill influence  to be considered 
representative of natural background zinc  levels  for  that  geographical 
area. Considering  4,200 pg/gm the  average background ievel,  the  area 
of  elevated  zinc  levels  extends beyond the  outer-most s ta t ions which  were 
located a t  Myrtle Point and Lund i n  May, 1973. The  two additional 
stations sampled i n  November, 1973, i . e . ,  A13 and A24, a1 so showed con- 
centrations above background levels (Table 1 ) .  

4.2 - Campbell River 

Oyster samples collected around the Crown Zellerbach E l k  Falls 
mill,  located a t  Duncan  Bay, indicated  that some increase i n  zinc  levels 
i n  whole oyster  tissue had occurred. However,  due to  the  tidal f l u s h i n g  
i n  this area,  level s of contamination were  below the  other mi 11 areas. 
Figure 6 shows the  geographical distribution of zinc i n  oyster  tissue 
i n  the vicinity of the Elk Falls p u l p  mill. Unfortunately the closest  
p o i n t  that  oyster samples could be obtained was approximately 3 miles 
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southeast of the  point  of  effluent  discharge, and w i t h i n  the  influence 
of  the Campbell River. The average  zinc  concentration on oyster  tissue 
i n  this  area was 5,360 pg/gm (range 3,200 to  8,000 pg/gm). 

Zinc concentrations i n  the  oysters were s l ight ly  higher a t  
Francisco  Point t h a n  those  nearer  the  mill.  This may  be the  result  of 
eddy currents which  would tend t o  concentrate  mill  effluents i n  this 
area. Water containing  mill  effluent,  displaced southward on a flood 
t ide from Discovery Passage, would flow i n t o  both  Sutil Channel and 
Discovery Passage on the ebb t ide.  This would tend t o  expose the  shell- 
f ish beds i n  the Cape  Mudge and Francisco  Point  areas  to  mill  effluent 
more frequently t h a n  those  areas  along  the Vancouver Island  shoreline. 

Samples  from  Rebecca Spit ,  which should be  we1 1 beyond the 
influence of the mill effluent,  showed an average  zinc  level of 3,940 
r.lg/gm (range 3,600 - 4,500 r.lg/gm). I f  t h i s  value i s  taken to  represent 
the  natural background level  for  oysters i n  this  area,   oysters from 
Oyster Bay approximately 16 miles  south of the  mill may have  been 
s l i g h t l y  affected by the  discharge from the E l k  Fa1 1s  mill,  a1 though 
levels  are  not  considered  to be high. 

4 . 3  Crofton 
” 

Oysters from the Crofton area showed a significant  increase 
i n  zinc  levels over background. In general,  the  concentrations were 
lower t h a n  those found i n  the Powell River area and h i g h  levels d i d  no t  
extend as f a r  from the  point of effluent  discharge. The tidal  currents 
and  methods o f  discharge  differ between these two mills and this would 
influence  the behaviour of the  effluent. The discharge a t  the Powell 
River mill is  directly  into  the  surface  waters of Malaspina S t r a i t ,  
whereas a t  Crofton  the effluent  is   diffused  into S t u a r t  Channel  where 
tidal  currents  are  greater. Consequently, shel l f ish beds in  the  Crofton 
area would  be exposed t o  more d i l  Ute effluent.  

Figure 8 shows the mean dry weight zinc  concentrations found 
in whole oysters  collected i n  the  Crofton  area  in May, 1973. The area 
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affected appea rr, t o  ex tend from  between  Chemainus Bay  and the Shoa 1 
Islands (mean 6,960 ~ g / 9 m ,  range 4,600 to  9,000) on the northwestern 
side of  the Crof ton m i  11 to  beyond  Burgoyne Bay  (mean 6,360 pg/gm, 
range 5,400 - 7,800) to  the southeast. To the  north,  elevated  zinc 
concentrations were detected  to the Secretary  Islands i n  Trincomali 
Channel  (mean  4,760 pg/gm, range  4,200 t o  5,800 ug/gm). 

The dis t r ibut ion of zinc  concentrations i n  oysters from the 
Crofton area suggests a net southeasterly flow of effluent through 
Stuart  Channel w i t h  a tendency fo r  the effluent  to  concentrate i n  
Booth  Bay, directly  across  Stuart Channel  from the two ef f luent  diffusers. 
Booth  Bay oysters showed  a  mean zinc  level  of 10,020 pg/gm and ranged 
from 8,700 t o  11,000 clg/gm. These conclusions  are  supported by the 
condition  factor measurements (Table 5 )  which indicate a deterioration 
i n  oyster  condition  to  the  south of the pulp  mill and i n  Booth  Bay. 
The influence of the p u l p  mill  discharge on the local  oyster popula- 
tion has been reported  previously  (Jackson, 1962; Dobrocky Seatech 
Ltd .  , 1973; Porter, 1969) and resulted i n  the end t o  commercial oyster 
production i n  the  area i n  1964-65. 

4.4  Port A1 berni 

The only  oysters found i n  the Port Alberni region were located 
i n  Barkley Sound  many miles from the pulp mill .  A mean level  of 
10,600 pg/gm zinc  (range 8,200 to  14,000 ug/gm) was found i n  oysters 
taken from  Rainy  Bay,  which is  24 miles from the  Alberni p u l p  mill 
(Figure  2c). Zinc levels  found i n  oysters from this area were un-  
expectedly h i g h ;  however, there i s  known mineralization i n  the area 
and further analysis is  required t o  confirm any relationship  to  mill 
discharge.  Analysis  of clams and mussels collected along  Alberni In l e t  
indicated no trend i n  zinc  concentration  (Table  4). I t  was noted t h a t  
the oysters  collected i n  Rainy Bay were i n  excellent  condition w i t h  
remarkably la rge   she l l s   f i l l ed  w i t h  meat. The numbers were not great  
and sampling was restr ic ted.  
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4.5 Seasonal F luc tua t ion   in   Z inc   Concent ra t ions  

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

sampling  periods, as shown i n  Table 1, do n o t   d i f f e r   s i g n i f i c a n t l y ,  

a l though i n  most  cases  concentrations were g r e a t e r   i n  May and August 

than i n  November. May corresponds  to a t ime when the  oysters   are 

feed ing   heav i l y  on phytoplankton  from  the  spring  bloom  of  diatoms  which 

usua l l y   occu rs   i n  March  under op t ima l   cond i t ions   o f   l i gh t ,   tempera ture ,  
and n u t r i e n t s .  The o y s t e r s   a r e   a t   t h e i r  peak cond i t i on   w i th   t i ssues  

f i l l e d   w i t h  glycogen  (animal  starch) and, with  increased  water  temperature, 

they  begin  to  develop sperm. Eggs and sperm rep lace   t he   g l ycogen- f i l l ed  

t i ssues  and the  oysters  remain i n   t h i s   c o n d i t i o n   u n t i l  spawning  occurs, 

around  August.  Inconsistent  results i n  the  August  heavy  metal  data, when 

compared to   data  f rom May and November, may be due t o   t h e  spawning  con- 

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

temperature  dependent,  the  oysters i n  some areas sampled may have 

a l ready spawned whi le   o thers were awa i t ing  a r i s e   i n  water  temperature. 

An oyster   could  lose a cons ide rab le   po r t i on   o f   z inc   con ten t  

dur ing   the  spawn since  gonadal  t issue has been found  to  accumulate  cer- 

ta in   t race  meta ls   in   h igher   concentrat ions  than  o ther   anatomical   areas 

( P r i n g l e   e t  ” a l ,  1968).  After  spawning  the  oyster i s  very th in  and watery 
b u t  by October o r  November much o f  i t s   w e i g h t  has  been regained.  Very 
l i t t l e   f e e d i n g   o c c u r s  between November and  March  because o f  a l a c k   o f  

diatoms  and  decreased  water  temperature.  During t h i s   p e r i o d   o f  in-  

a c t i v i t y ,   t h e   i n g e s t i o n   o f  heavy metals will also  be reduced.  This 
cycle  should be considered when sampling t o   d e t e r m i n e   l e v e l s   o f   t r a c e  

metals i n  an area. 
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APPENDIX I 

HEAVY METAL  DETERMINATIONS I N  C. GIGAS 
(Resul ts i n  pg/gm) 

" 

a .  MAY, 1973 

b.  JUNE, 1973 

c .  AUGUST, 1973 

d.  NOVEMBER, 1973 



APPENDIX I HEAVY METAL DETERMINATIONS I N  C. G IGAS (Resul ts  i n  pg/gm) 
a. N A Y ,  1973 

"" ___ " " 
Zinc Copper Cadmi um 

Dry Wt. Wet Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
Sta t i on  " 

A-2 1 

A-23 

A-25 

A-16 

A-19 

A-20 

Powel 1 R iver  
A-14 9,600 

8,600 
8,300 
8,800 

10,000 
7,800 

10,000 
9,800 
7,900 
8,200 

18,000 
15,000 
16,000 
18,000 
19,400 
7,000 
8,300 
7,800 
7,800 
7,700 
7,400 
7,200 
6,900 
7,400 
7,400 
5,900 
7,200 
7,700 
5,600 
7,000 

11,000 
9,000 

14,000 
9,400 
9,600 

1,400 
1,400 
1,200 
1,300 
1,500 
1 ,300 
1,800 
1,660 
1 ,300 
1  ,300 
2,200 
1,900 
1,900 
2,100 
2,500 

950 
1,400 
1,100 
1,100 
1,300 
1,100 
1,200 
1,100 
1,100 
1,100 

720 
1,000 

950 
740 
870 

1,720 
1,600 
1 ,800 
1,500 
1,400 

2 30  34 
250 42 
2 30 33 
21 0 31 
31 0 46 
140 23 
1 30 24 
1 50 25 
100 17 
130 21 
2 70 36 
180  23 
220 26 
21 0 24 
21 0 25 
180 25 
220 35 
230 34 
200 28 
210 35 
240 35 
200 33 
200 31 
200  29 
220 33 
230 28 
320 45 
240  29 
250  33 
270 34 
160 25 
150 25 
240 32 
170 27 
170 26 

10 1 
7 1 

10  1.4 
13  2 
9 1.4 
4 0.7 
8 1 
7 1 
4 0.7 

< 3  < 0.4 
4.5 0.6 

4 0.5 
7 0.8 
3 0.4 
8  1 
7  1 

10 1 
10 1 
8 1 

13  2 
10 2 
8  1 
9  1 

13  2 
14 2 
11  2 
19 2 
15  2 
14  2 
6 0.9 
5 0.9 
8 1 
4  0.6 
3 0.5 

continued. . . 
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Zinc Copper Cadmi um 

Dry Wt. Net Wt. Dry Wt. Wet Ut .  Dry Wt. Wet Lit. 
S t a t i o n  .~ 

Okeover Arm* 

4,600 820 1 50 26 10 1.8 
3,200 540 93 15 11 1.8 
4 , 200 750 92 15  8.9 1.5 
4,200 860 120 22 15 2.7 

E-1 8 

, 0-19 

B-20 

Campbell R iver  
8-14 3,700 

4 , 500 
3,600 
4 , 300 
3,600 

8-1 6  6 , 300 

0-1 7 6,100 
6,000 
6,300 
5,100 
5,400 

4,100 
4 , 800 
3 , 800 
5,200 
5,400 
5,600 
3 , 400 
5,400 
5,000 
4,600 
6 , 400 
4,600 
4,200 
4,600 
3 , 400 

680 
7 50 
5 70 
650 
600 
9 30 
940 

1,100 
1,100 

80 0 
840 
650 
81 0 
5 70 
820 
86 0 
680 
5 40 
480 
740 
780 

1,220 
860 
700 
820 
520 

110 
160 

.110 
1 30 
130 
140 
140 
180 
150 
120 
160 
120 
1 EO 
120 
130 
170 
1 50 
89 

1 30 
170 
110 
220 
170 
1  60 
170 
120 

21 
26 
17 
20 
22 
21 
22 
31 
25 
18 
25 
20 
30 
19 
20 
28 
22 
14 
18 
25 
19 
43 
31 
26 
30 
18 

9 
11 
9.5 
9 
9.5 

13 
13 
12 
11 
13 
13 
10 
15 
13 
15 
10 
15 

12 
12 

9.9 

9.9 
11 
9.7 
8.6 

8.6 
11 

2 
2 
1.5 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2.5 
2 
2 
2 

2.2 
1.5 
1.7 
1.8 
1.7 
2.2 
1.8 
1.4 
1.9 
1.3 

continued.. . 
* ,Samples c o l l e c t e d  by L. F le l v i l l e ,   b io log i s t   f o r   MacMi l l an   B loede l   L td . ,  

Powel l   R iver   Div is ion.  Each value  represents  a  sample con ta in ing  
2 oysters .  
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Zinc Copper Cadmi urn 

Dry Wt. \Jet Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
Sta t ion  

B-21 5,200  800 2 50 38 17  2.5 
5,800 1,000 31 0 60 11 2.1 
4,600  1,000 1 eo 38 8.8 1 . 9  
3,200  830 1 eo 47 6.5  1 .7  
8,000 1,500 1 90 36 11 1 . 3  

A 1  b e r n i   I n l e t  
C-15 12,000  2,200  58 11 4 0.75 

10,000 2,000 55 11 3 0.5 

14,000 3,000 82 18  6 1 
8,200 1,700 67 14 < 3  < 0.5 

8,800 2,000 51 12 4 0.9 

Crofton 
D- 9 

D-10 

I 

D-1 1 

D-12 

5,400 
7,800 
6,400 
6,600 
5,600 

10,000 
11,000 
11,000 
9,400 
8 , 700 
3,500 
5,200 
5,100 
3,700 
5,500 

870 
1,400 
1,000 
1,100 

960 
1,600 
1,500 
1,400 
1,400 
1,200 

600 
9 70 
820 
620 
830 

92 
120 
100 
110 
93 

190 
260 
250 
190 
21 0 

78 
110 

93 
59 
79 

15 
21 
16 
18 
16 
30 
35 
32 
28 
28 
13 
19 
15 

12 
9.9 

10 2 
8 1 . 5  
7 1 
7 1 

10 2 
9 1 

16 2 
11 1 
9 1 
6 0.8 
4 0.7 
9 1 .5  
7 1 

~ 2 . 5  ~ 0 . 4  
8 1 

4,400 800 84 15 4 0 .8  
5,800 1,100 140 26 7 1 
4,200 840 90 18 4 0.8 
5,000 9 30 110 20 5 0 .9  
4,400 81 0 84 15 5 0.85 

continued.. . 
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Zinc Copper Cadmi urn 

Dry Wt. Wet Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
Stat ion 

~- ” 

D-14 

D-15 

D-16 

D-17 

D-13 2,800 
2,000 
1,900 
2,000 
1,700 

2,500 
3,000 
3,700 
2,700 
2,700 
7,800 
8,000 
4,600 
6,500 
7,900 
7,600 
8,700 
7,500 
8,000 
7,400 

11,200 
6, COO 

10,400 
5,100 
6,800 

440 
340 
370 
130 
320 
41 0 
550 
640 
480 
520 . 

1,400 
1,400 

800 
1 ,300 
1,600 
1,000 
1 ,300 
1,600 
1,400 
1,300 
1,400 
1,000 
1,400 

950 
1,000 

83 
70 
65 
51 
34 
46 
50 
99 
61 

140 
240 
240 
200 
240 
250 

80 
120 
1 30 
1 50 
1 30 
120 
100 
100 
120 
120 

13 
12 
12 

3.3 
6.3 
7.5 
9.3 

17 
11 
27 

44 
43 
35 
49 
50 
10 
18 
26 
26 
22 
15 
15 
14 
21 
19 

6 
< 3  

3.5 
< 2.5 

3.5 
< 3  

7 
4 

< 3  
9 

7.5 
9 
5.5 
8 
5.5 
4 
5.5 

< 3  
< 3  

5 
11 

< 3  
( 3  

3.5 

5.2 

1 
< 0.5 

0.7 
< 0.2 

0.7 
< 0.. 5 

1 
0.7 

< 0.5 
2 

1 
2 
1 
2 
1 
0.5 
0.9 

< 0.7 
< 0.5 

0.8 
1 
0.5 

( 0.4 
(0.5 

0.8 
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APPENDIX I (cont inued)  
b .  JUNE, 1973 

Zinc Copper Cadmi urn 

Dry blt. Wet Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
Sta t ion  "- 
"__ _ _ _ _ _ ~  - - "- 

6-2 

G- 3 

Gambier I s l a n d  

G- 1 9,600 
11,000 
8,000 

12,000 
6,300 
9,400 

1 3,000 
8 , 200 

14,000 
9,800 

15,000 
11,000 
9,000 

11,000 
11,000 

Nanoose Harbour 
F- 1 3,600 

4,400 
3,600 
2,400 
3,200 

Lasquet i   Is land 
F-2 6,600 

3,600 
5,400 
6,200 
5,600 

F-2* 5,600 
5,800 
6,800 
5,000 
5,800 

1 ,700 
1,500 
1,200 
1,900 

920 
1,740 
1,700 
1,100 
2,400 
1,400 
2,200 
1 ,700 
1,200 
1,400 
1,600 

5 40 
646 
6 00 
400 
540 

1,200 
520 
82 0 

1,000 
680 

1,100 
1,000 
1,100 
1,100 
1,000 

8 70 
1,200 
1,000 
1,300 

760 
880 

1,100 
770 

1,200 
-830 

1,700 
1,300 
1,100 
1,300 
1,300 

190 
190 
2 00 
110 
160 

380 
190 
280 
300 
280 
300 
31 0 
360 
240 
370 

1 60 
1 60 
1 50 
210 
100 
160 
140 
100 
200 
120 

260 
190 
1 60 
1 70 
190 

28 
28 
34 
19 
28 

68 
27 
43 
63 
48 
59 
60 
62 
53 
67 

24 
25 

25 
34 
16 
17 
20 
15 
15 

19 

27 
24 
21 

20 
14 
11 

11 
8.9 

19 
18 
15 
19 
18 

19 
15 
18 
20 
13 

4.3 
3.3 

4 
4.7 
2.9 
2.2 
2.6 
2.4 
2.1 

2.9 

3.7 
3.1 
3 

2.8 
2.1 
1.8 
1.5 
1.9 

3.4 
2.5 
2.3 
3.1 
3.1 

3.8 
2.8 
3 
4.4 
2.4 

continued.. . 
* One oyster  per  sample. 
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- 
Zinc Copper Cadmi um 

Dry tlt. Met Wt. Dry Wt. Wet Wt. Dry Wt. #et  Wt. 
Station 

'Sooke Basin 

s-1 1  ,300 260 52 10 4 0.8 
1,100 190 41 7 3 0.6 
1,800 330 65 12 4 0.7 
1,200 230 55 11 < 3  < 0.6 
1,100 21 0 43 9 3 0 :6 
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APPENDIX I (continued) 
c. AUGUST, 1973 

Zinc Copper Cadmi urn 

Dry Wt . Wet G J t .  Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
Sta t ion  

A-1 9 

Powel 1 River 
A-1 6 11,000 

14,000 
10,000 
11,000 
15,000 
14,000 
1 5,000 
14,000 
16,000 
9,000 

A-20 E, 300 
14,000 
10,000 
5 , 700 
9 , 300 

4,900 
6 , 300 
5,000 
7,400 

A-23 4 , 500 

A-2 1 4,000 

6,300 
7,600 
4,100 

I 5,900 

A-25 11,000 
9,100 

12,000 
14,000 
13,000 

Campbe 1 1 R i  ver 
B-14 3 , 600 

1,900 
2,80G 
3,200 
3,600 

1,600 
2,000 
1,800 
1,400 
1 ,900 
1,900 
1,900 
2,200 
2,100 
1 , 200 

1,000 
1,600 
1,200 

800 
1,100 

51 0 
700 
890 
860 
890 

5 70 
9 40 
820 
540 
560 

1,800 
1,000 
1,800 
1,900 
1,900 

6 70 
370 
560 
620 
5 80 

98 15 
1 60 22 
110 1C 
130 16 
1 30 16 
130  17 
140  18 
130 19 
180 25 

f 79 9 

1 60 19 
280 32 
270 32 
120 16 
190 22 
71 9 

100 15 
94  13 
96 16 

120  14 
1 60 20 
240 36 
2 30 25 
120  16 
150 14 
160 25 
150 17 
150  23 
220 30 
190 28 

76 14 
39 8 
67 14 
61  12 
78 13 

5.4 
5.6 
4.4 
4.6 
5.8 
5 
3.7 
4.7 
5.5 
2.8 

9.8 
11 
11 
9.3 
9.8 
5.4 
5.6 
8.6 
7 
8.2 
9.9 

14 
16 
13 
15 
5.9 
6.7 

< 2.9 
5.1 
4.9 

0.8 
0.8 
0.8 
0.6 
0.7 
0.7 
0.5 
0.7 
0.7 

< 0.3 
1.2 
1.2 
1.3 
1.3 
1.1 
0.7 
0.8 
1.2 
1.2 
1 
1.2 
2 
1.7 
1.7 
1.5 
0.9 
0.8 

< 0.4 
0.7 
0.7 

5.6 1 
6.4 1.3 
6.5 1.3 
8.4 1.7 
8.7 1.4 

continued.. . 
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Zinc Copper Cadmi urn 

Dry Glt. Net Wt. Dry Wt. Wet Wt. Dry Wt. \Jet Wt. 
Stat ion 

”- 

B-16 2,600 
4,500 
1,900 
2,400 
3,300 

6,700 
5,700 
4,700 
3,100 

B-18 4,600 
4,000 
4,300 
5,600 
4,400 

B-19 5,400 
4,500 
2,200 
3,600 
4,300 

7,300 
4,400 
4,700 
4,900 

4,000 
9,500 

B-17 4,100 

8-20 5,500 

‘ B-21 6,900 

A l b e r n i   I n l e t  
C-15 11,000 

16,000 
9,000 

10,000 
7,500 

51 0 
890 
360 
320 
5 20 
660 
870 
860 
820 
420 
800 
640 
740 

1,000 
730 
780 
51 0 
440 
660 
6 90 

1,100 
1,500 

880 
960 
980 

1,200 
620 

1,700 

2,400 
2,900 
1,600 
2,300 
1,700 

53 
89 
40 
50 
71 

100 
180 
110 
87 
61 

140 
120 
120 
140 
120 
200 
100 
100 
120 
89 

140 
170 
120 
120 
120 
2 30 
140 
290 

44 
110 
57 
50 
39 

10 
18 
8 
7 

11 
16 
23 
16 
15 
8 

24 
19 
21 
25 
19 
28 
12 
20 
22 
14 

27 
33 
23 
25 
23 
41 
22 
51 

10 
20 
10 
11 
9 

8.4 
9.2 
8.2 
8.5 
9.3 
6.7 

11 
10 
11 

~ 2 . 3  
10 
8.9 

11 
T2 

10 
11 

6.5 

5.6 
9.9 
9.9 
9.1 

10 
8.4 
7 
8 

11 

16 
6.1 

< 2.6 
~ 2 . 5  
~ 2 . 7  
<2.6 
< 2.7 

1.6 
1.8 
1.6 
1.1 
1.5 
1.1 
1.4 
1.5 
1.9 

< 0.3 
1.7 
1.4 
1.9 
2.1 
1.1 
1.4 
1.3 
1.1 
1.8 
1.6 
1.8 
2.1 
1.7 
1.4 
1.6 
2 
1 
2.7 

< 0.6 
<0.5 
< 0.5 
< 0.6 
< 0.6 

continued.. . 
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Zinc Copper Cadmi um 

Dry Wt. Met Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
Sta t ion  

D-12 

D-13 

I 
D-15 

. Crofton 
D-9 5,200 

4,200 
4,200 
3,600 

D-10 9,600 
. 7,400 

11,000 
920 

11,000 

3,400 
3,000 
3,000 
6,200 
4,000 
3,000 
2,600 
2,000 
3,400 
2,300 
2 i 900 
2,000 
2,000 
2,200 
4,300 
6,500 
4,500 
4,000 
5,900 

D-16 12,090 
9,100 
7,900 
9,300 
8,000 

D-17  8,400 
20,000 
8,200 

26,000 
22,000 

D-11 5,000 

1,100 
900 
840 
760 

1,000 
1,100 

900 
1,000 
1,200 

86 0 
580 
620 
640 
960 
760 
720 
500 
400 
700 
51 0 
630 
470 
390 
41 0 
990 

1 ,300 
9 70 

840 
1,700 
1,200 

950 
1,300 
1,200 

660 
2,300 
1,200 
2,400 
2,000 

aoo 

71 
71 
68 
57 

160 
120 
220 
140 
250 
81 
70 
57 
57 

110 
93 
67 
65 
54 
78 
55 
62 
54 
61 
61 
83 

120 
65 
75 

120 
200 
110 
1 30 
150 
1 30 
a 5 

1 4.0 
68 

250 
140 

15 
15 
14 
12 
17 
19 
17 
16 
27 
14 
12 
12 
12 
17 
18 
16 
13 
11 
16 
12 
14 
13 
12 
11 
13 
24 
14 
15 
17 
28 
15 
15 
21 
20 

4 
16 
10 
23 
13 

4.3 
< 3.5 
<2.7 

4 
7.2 
3 . 3  

7.4 
7.7 
4 . 2  

11 

< 3  
< 3  

4 
7.5 
7.4 
5.6 
3.8 
5.2 
8.7 

2.8 
4.8 
3.4 
3.7 
4.8 
3.7 
3.3 
4.1 
3.4 
6 

4.4 
7.1 
7.8 
5.3 
5.9 
7.5 
7.2 
3.1 
7.8 

10 

0.9 
< 0.8 
< 0.6 

0.8 
0 ;8 
0.5 
0.8 
0.8 
0.8 
0.7 

<0.5 
~ 0 . 7  

0.8 
1.2 
1.4 
1.3 
0.8 
1.1 
1.8 
0.6 
1.1 
0.8 
0.7 
0.9 
1 
0.7 
0.9 
0.7 
0.9 
0.6 
1 
0.9 
0.8 
0.9 
0.6 
0.8 
0.4 
0.7 
0.9 
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APPENDIX I (cont inued)  
d. NOVEMBER, 1973 

~~ ~~~ ~ ~~ ~~~ ~~ 

Z inc Copper Cadmi urn 

Dry Wt. Wet Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. 
S t a t i o n  

A-1 3 

A-21 

A-23 

A-24 

A-25 

I 

Vananda Bay 

6,100 
10,000 
5,300 
7,500 
9,000 

7,800 
4,400 
5,400 
5,000 
3,600 

3,600 
3,400 
5,000 
5,000 
4,400 

9,200 
5,400 
7,000 
3,600 
7,400 

12,000 
14,000 
12,000 
14,000 
14,000 
7,000 

11,000 
8,000 
8,200 
8,800 

Campbell R iver  

B-14 3,200 
3,600 
2,400 
7,000 

I .  4,000 

6 70 
1,300 

5 70 
800 
890 

1,200 
120 
860 
740 
460 
620 
560 
760 
760 
700 

1 ,200 
700 
060 
620 
860 

1 ,300 
1,300 
1,500 
1,400 
1,500 

940 
1,200 
1,000 
1,100 
1,200 

560 
1,600 

440 
1,100 

780 

140 
240 

91 
150 
230 

240 
140 
150 

420 
160 
t 20 
150 
140 
.l20 
41 0 
2 50 
330 
2 30 
31 3 
180 
180 
160 
180 
150 
320 
450 
280 
370 
330 

- 

82 
72 
64 

190 
110 

15 
29 
10 
16 
22 

35 
22 
24 

54 

27 
19 
23 
22 
20 

53 
33 
40, 
25 
37 
18 

- 

18 
21 
19 
17 
43 
52 
37 
50 
45 

15 
31 
12 
30 
21 

9.3 1 
14 1.7 

7 0.8 
8.2 0.9 

13 1.3 

9.3 1.4 
7.3 1.2 
6.7 1.1 
7.6 1.1 

14  1.9 
8 . 1.4 
8.6 1.4 

14 2.1 
11 1.7 
12 1.9 

23  3 
16 2.1 
21 2.6 
29  2.2 
17 2 

7.1 0.7 
5.7 0.6 
5.2 0.7 
6.7 '  0.7 
5.2 0.6 

14 1.9 
17  2 
8 1.1 

14  1.9 
14 . 1.9 

8.4 1.5 
9 3.8 

10  1.8 
14 2.2 
9.2 1.8 

continued.. . 
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Zinc Copper Cadmi um 

Dry Wt. Wet Wt. Dry Wt. Wet Glt. Dry Wt. Wet Wt. 
Station 

- _.._." .I _"-I__ 

B-15 

6-16 

8-18 

Crof ton 
D-9 

D-10 

D-11 

D- 14* 
I 

D-15 

D-16 

D-17 

4,000 
2,800 
3,200 
4,200 
3,200 
3,600 
3,200 
4,200 
3,200 
2,400 
4,200 
2,600 

3,000 
5,000 
5,600 

10,000 
12,000 
12,000 

7,300 
4,200 
6,000 
2,500 
1,600 
2,100 
7,400 
4,600 
6,600 
6,200 

11,000 
2,000 

15,000 
10,000 
1 3,000 

620 

620 
660 
620 
620 
600 
800 
540 
460 
760 
460 

480 

580 
940 

1,000 
940 

1,400 
1,100 
1,500 

790 
1,100 

5 50 
360 
480 
9 40 
600 
840 
850 

1,100 
330 

1,000 
1,000 
1,800 

110 
84 
75 
92 
76 
83 
70 
77 
55 
61 

120 
69 

76 
57 
74 

120 
1 90 
1 60 

81 
53 
78 
47 
43 
50 

160 
110 
120 

76 
87 
33 

110 
81 
97 

16 
15 
15 
15 
14 
14 
14 
14 

9 
11 
22 
12 

14 
11 
14 
12 
22 
15 
16 
10 
14 
10 
10 
11 
21 
15 
16 

10 
9 
5 

8 
8 

13 

11 
6.6 
8.1 
7.8 
7.6 

9.1 
9.6 
8.4 
5.8 

12 

11 
11 

3.4 
5.5 
5.5 
6.7 
9.4 
9.1 
5.7 
5.1 
7.4 
5.4 
3.6 
5.6 
6.5 
5.8 
7.8 
5.8 
7.1 
5.4 

< 3  
3.4 
4.1 

1.7 
1.2 
1.6 
1.2 
1.4 
2 
1.8 
1.8 
1.4 
1.1 
1.9 
1.9 

0.6 
1 
1 
0.6 
0.5 
0.9 
1.2 
1 
1.3 
1.2 
0.8 
1.3 
0.8 
0.8 
1 

0.8 
0.7 
0.9 

< 0.2 
0.3 
0.5 

con ti nued. . . 
* new designation 
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Zinc Copper Cadmi um 

Dry Wt. Wet Wt. Dry Wt. Wet Glt. Dry Wt. Wet Wt. 
Station 

Nanoose Harbour 
F- 1 2,600 

2,800 
2,800 
2,400 
2,400 

Lasqueti  Island 
F-2  3,000 

7,400 
3,000 
4,800 
7,700 

Gambier Is land 
G- 1 10,000 

14,000 
15,000 
13,000 
17,000 

G- 2 17,000 
15,000 
10,000 
14,000 

I 16,000 

G- 3 El ,000 
7,800 
4,400 

14,000 
16,000 

440 
580 
520 
460 
400 

440 
1,100 

480 
880 
820 

1,400 
1,700 
2,100 
1,800 
1 ,900 
I ,800 
1,600 

960 
1,800 
1,800 

960 
1,200 

340 
1,900 
1,700 

110 19 
72 15 
73 14 
94 17 

110 17 

120 18 
.280 41 
110 18 
230 42 
420 44 

1,200  170 
1,400 160 
1,300 1 70 
1,500 190 
1,600 170 
1,500 150 
1 ,4.00 140 

900 120 
1,400 150 

690 84 
81 0 130 
490 37 

1,400 180 
1,300 1 30 

- - 

5.1 0.9 
7.6 1.5 
6.6 1.3 
8.3 1.5 
6.1 1 

11 1.6 
25 3.6 

17 3 
23 2.5 

28 4.5 

24 3.2 
26 3 
36 . 4.8 
31 4 
35  3.8 
23 2.3 
18 1.8 
18 1.6 
24 3.2 
18 2 

23 2.8 
27 4.2 
32 2.5 
23 3 
33 3.5 
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APPEND1 X I I 

HEAVY METAL DETERMINATIONS I N  MUSSELS AND CLAMS 
(Resul ts  in pg/grn) 

a.  SHELLFISH  TISSUE  ANALYSIS - P r o t o t h a c a   s t a m i n e a  
b. SHELLFISH  TISSUE  ANALYSIS - S a x i d o m u s   g i g a n t e u s  
c.  SHELLFISH  TISSUE  ANALYSIS - a r e n a r i a  
d. SHELLFISH  TISSUE  ANALYSIS - M y t i l u s   e d u l i s  
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APPENDIX I 1  HEAVY tlETAL DETERF9INATIOtllS Ill rllUSSELS AND CLAMS 
(Resul ts  i n  Ilg/gm) 

a. StftLLfIStI TISSUE ANALYSIS - - Protothaca - " _  -. "" - - . __I" stamlnea - 

Number of Zinc Copper 
Dry Wt. Net  Wt. Dry Wt. Wet Wt. 

Area S t a t i o n  

Powel 1 A-1 6 
R iver  (AugJ73)  

Campbell B- 16 
Ri ver (Aug./73) 

B-17 

B-18 

B-19 

B-20 

A1 be rn i  C-15 
I n l e t  (Aug. /73) 

Cro f   ton  D-9 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
1 
1 
1 

2 
2 
2 
2 
2 

200 
190 
150 

170 
170 
170 
190 
170 
31 0 
180 
230 
160 
1 60 

94 
200 
220 

97 
160 
1  60 
170 
120 
50 

100 
88 

210 
390 
200 
150 
87 

1 30 

89 
220 
130 

78 

26 
26 
21 

21 
24 
25 
26 
20 
48 
26 
29 
27 
24 
16 
34 
33 
12 
19 
20 
23 
16 
10 
14 
15 

28 
53 
25 
20 
13 

16 
9 

11 
28 
17 

11 1.4 
8 1 
7 1 

11  1.4 
12  1.7 
10 1.4 

9  1.2 
8 1.3 
8 1.3 
9 1.4 

~ 0 . 5   ~ 0 . 0 6  
10 1.7 
10 1.4 
14 2.3 
13 2.1 
8 1.2 

18 2.4 
23 2.7 
10  1.3 
11  1.4 
12 1.5 
23 4.4 
40  5.4 
30 5 

5 0.7 
7  0.9 

17 2.2 
9 1.2 

11 1.6 

7 0.9 
14 1.5 
19  2.3 
15 2 
8 1.1 

con ti nued. . . 
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Number o f  
Specimens Dry Wt. Wet Wt. Dry Wt. Wet Wt. 

Zinc Copper 
Area Station 

D-1 1 1 
D-13 1 

1 
1 
1 
1 

D-15 

190 28 
87 14 

1 00 16 
75 13 

97  16 
100 12 
89 14 
98 15  
61 1 1  
75 10 

- - 

16 2 . 3  
13 2 

< 0.61 ~ 0 . 1  ' 
6 0 . 9  

8 1 . 2  
7 1 . 1  

< 0 . 7  . <0 .07  
15 2 . 3  

5 0 . 8  
8 1 .5  
8 1 . 1  
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APPENDIX I 1  (cont inued) 

b. SHELLFISH TISSUE ANALYSIS - Saxidomus giganteus 

Number o f  
Specimens Dry Wt. Wet Wt. Dry Wt. Wet Wt. 

Zinc Copper 
Area S t a t i o n  

Powel 1 A-16 
River  

A-1 9 

Campbell B-16 
R i v e r  (AugJ73)  

B-17 

B- 18 

B-19 

B-20 

Crof   ton D-9 

2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 30 
2 30 
200 
1 50 
2 30 
170 
170 
140 
170 
170 
120 
98 

71 
96 
87 
93 

120 
. 130 

130 
110 

96 
110 
78 
73 

110 
120 
110 
1 30 
90 

150 

a4 

83 
170 
100 
92 
79 

35 
38 
34 
22 
32 
29 
22 
26 
24 
28 
22 
18 

12 
17 
15 
15 
18 
19 
18 
17 

15 
17 
13 
12 
15 
18 
17 
19 
20 
10 
26 

13 
28 
17 
15 
13 

11 
10 
10 
9 

14 
10 
9 

12 
11 
14 
8 

15 

1.6 
1.7 
1.7 
1.3 
2 

1.7 
1.2 
2.1 
1 .G 
2.3 
1.5 
2.8 

21 3.6 
18 3.1 
11 1.9 
19  3 
19  2.8 
18 2.7 
33 4.8 
26 3.9 

21 3.4 
12 1.9 
13 2.2 
15 2.4 
23 4 
14  2.4 
35 5 
30  4.9 
14  2.3 
21 2.4 

110 19 

10 1.6 
7 1.2 
7  1.2 
7 1.1 

12 1.9 
con ti nued. . . 
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Number o f  
Specimens Dry Wt. Wet Wt. Dry Wt. Wet Wt. 

Zinc Copper 
Area Sta t ion  

D-11 1 
D-13 1 

1 
1 
1 
1 

D-15 1 
1 

120 19 
84 21 

110 29 
83 20 
78  18 

100. 22 
92 14 
78  14 

18 
15 
24 
16 
13 
8 
8 
5 

2.8 
3.8 
6.2 
3.9 ' 
2.9 
1.7 
1.2 
0.9 
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APPENDIX I 1  (cont inued) 

c. SHELLFISH  TISSUE  ANALYSIS - Fllya a renar ia  

Number o f  
Specimens Dry Wt. Wet Wt. Dry Wt. Wet Wt. 

Zinc Copper 
Area S t a  ti on 

Powe 11 A-1 9 
River  

A-20 

A-2 3 

A-25 

A1 b e r n i  C-15 
I n l e t  (Oct./73) 

C-17 
(Oct./73) 

C-18 

Cro f   ton  D-11 

D-15 

1 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 

1 
1 
2 
2 
2 
1 
1 
2 
3 
4 

3 
3 
3 
3 
3 

160 26 
200 26 
250  28 
250 31 
41 0 69 
260 31 
32 0 48 
1 30 16 
2  30 22 
120  21 
160  20 
390 48 
400 33 
41 0 16 
630 60 

21 0 25 
430 46 
160  20 
2 00 20 
160  21 
390 39 
200 
360 36 
270 25 
310 38 
280 31 
300  31 
2  30 27 
150 21 
340  37 

- 

80 10 
71  13 

170 20 
59 6 
66 9 
73  10 
67 8 

18 
24 
19 
20 
13 
12 
39 
16 
15 
17 
15 
21 
26 
8 

25 

8 
6 

10 
9 
9 

21 
17 
20 
21 
20 
16 
23 
24 
31 

- 

14 
13 
12 
13 
14 
33 
20 

1.5 
9.2 
2.2 
2.5 , 
2.1 
1.4 
5.8 
2 
4.6 
2.5 
1.9 
2.5 
4.1 
1.1 
2.1 

0.9 
0.7 
1.2 
0.8 
1.2 

- 
1.7 
1.9 
2.5 
2.2 
1.7 
2.8 
3.3 
3.4 

1.6 
2.3 
1.4 
1.3 
2 

4.5 
2.6 
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APPENDIX I 1  (cont inued)  

d. SHELLFISH TISSUE ANALYSIS - b l y t i l u s   e d u l i s  

Number o f  
Specimens Dry Wt. Wet Wt. . Dry Wt. Wet Wt. 

Zinc Copper 
Area S t a t i o n  

Pow 1  1 A-14 . 

R iver  

A-23 

Campbell 9-14 
R iver  (Aug./73) 

B-17 

9-18 

9-1 9 

B-20 

5 
5 
5 

10 

10 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

220 
290 
290 

240 

370 
330 
32 0 

370 
240 
400 

39 0 

350 
700 
460 

320 
500 
3 30 

87 
200 
160 
260 
250 
280 
360 
180 
260 

150 
170 
210 

33 
35 
31 

26 

49 
48 
49 

60 
40 
66 

47 

42 
72 
50 
41 
62 
38 
13 
31 
22 

36 
34 
36 
47 
24 
36 
26 
27 - 

12  1.7 
10 1.2 
10  1.1 

27 3 
I 

14  1.9 
13 1.9 
13 1.9 

43 7 
20  3.4 
28  4.7 

34  4 

51 6.1 
24  2.5 
44 4.7 

23  2.9 
10  1.3 
10  1.2 

< 3  < 0.4 
17 2.7 
12 1.6 
12 1.6 
16 2.1 
18 2.4 
19 2.5 
14  1.8 
28  3.8 
11  1.8 
17  2.5 
23 - 
con ti nued. . . 
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Number o f  
Specimens Dry Wt. \Jet Wt. Dry Wt. Wet Wt. 

Zinc Copper 
Area Station 

A1 berni C-15  5  300 
Inlet (Aug. /73) 5 290 

5 340 
5 200 
5 450 

C-17 7 340 
(Oct./73) 9 350 

(Oct. /73) 12  270 
C- 18 10 2 70 

34 
32 
41 
26 
54 
54 
71 
44 
44 

70 
9 
25 
28 
10 
13 
15 
14 
16 

7.9 
1 
3 
3.7 , 
1.2 
2.1 
2.4 
2.3 
2.6 
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