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ABSTRACT 

Surveys o f   se lec ted   con taminan ts   i n   sed imen ts ,   ben th i c   f i sh  and 

invetebrates  were  under taken i n   t h e   o u t e r   F r a s e r   R i v e r   E s t u a r y   d u r i n g  

1984-1986. Cadmium, copper  and  lead  were  found i n   v e r y   h i g h   l e v e l s   i n  

sediments  near  the  Iona sewage t r e a t m e n t   p l a n t   o u t f a l l  and  were c l o s e   t o  

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

T race   me ta l   l eve l s  were s t r o n g l y   c o r r e l a t e d   w i t h   o r g a n i c   c o n t e n t ,   b u t   n o t  

w i t h   s e d i m e n t   p a r t i c l e   s i z e .   T i s s u e s   o f   i n t e r t i d a l   i n v e r t e b r a t e s   r e f l e c t e d  
t r a c e   m e t a l   l e v e l s   i n   s e d i m e n t s ,   t h o s e   a n i m a l s   l i v i n g   n e a r   t h e   I o n a   o u t f a l l  

genera l l y   hav ing  much h igher   leve ls   than  those  e lsewhere  on the   es tua ry .  

L imi ted   long- te rm  t rend  da ta   suggests  an o v e r a l l   d e c r e a s e   i n   t i s s u e   l e v e l s   o f  

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

o f  cadmium and  copper o f f   R o b e r t s  Bank, and h i g h   l e v e l s   o f   c o p p e r  and l e a d  

o f f   t h e   I o n a  sewage t reatment   p lant   (Sturgeon  Bank) .   Mercury was w i t h i n  

b a c k g r o u n d   l e v e l s   a t   a l l   l o c a t i o n s  and less   t han   Canad ian   gu ide l i nes   f o r  

mercury i n   f i s h .  
P o l y c h l o r i n a t e d   b i p h e n y l s  and chlor inated  phenols  were  below 

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

aromat ic  hydrocarbons  were  detected a t   r e l a t i v e l y   l o w   c o n c e n t r a t i o n s   i n  
i n t e r t i d a l  and  deep ben th i c   sed imen ts   nea r   t he   I ona   ou t fa l l ,   bu t  were  below 

d e t e c t i o n   l i m i t s   e l s e w h e r e  on  Sturgeon Bank and  Roberts Bank. 



R ~ S U M ~  

Des etudes de con taminan ts   se lec t i  onnes  dans l e s  sediments, 

p o i s s o n s   b e n t h i q u e s   e t   i n v e r t g b r 6 s   f u r e n t   e n t r e p r i s e s  dans l a   p a r t i e  

e x t e r i e u r e  de 1 ' e s t u a i r e  de l a   r i v i e r e   F r a s e r  en 1984-1986. Du cadmium, 

c u i v r e   e t   p l  omb f u r e n t   d e t e c t e s  B des  n iveaux  t res  e leves dans l e s  sediments 

p res  de 1 '6missa i re  de 1 ' u s i n e  de t r a i t e m e n t   d ' e a u x   u s e e s   I o n a   e t   f u r e n t  

pres  des  niveaux de  base ou moder6ment e leves  dans d ' a u t r e s   p o r t i o n s  de 

1 'es tua i re .   Les   n iveaux  de metal  au n iveau de t r a c e   f u r e n t   f o r t e m e n t  en 

co r re la t i on   avec   l e   con tenu   o rgan ique ,  mai s pas  avec l a   g r o s s e u r  des 

p a r t i c u l e s  de sed imen t .   Les   t i ssus   des   i nve r teb res   i n te r t i daux   on t   re f l e t6  

l e s   n i v e a u x  de metal  au  niveau de t r a c e  dans l e s  sediments, l e s  animaux 
v i v a n t   p r 6 s  de 1 '6missa i re   d ' Iona  ayant   genera lement  des niveaux  beaucoup 

p lus   e leves  que  ceux v i v a n t   q u e l q u e   p a r t   d ' a u t r e  dans l ' e s t u a i r e .  Les 
c l  onnees 1 imi tees de l a  tendance 2 1 ong terme  suggere  engeneral   d iminut ion 

des  niveaux de t i s s u  au n iveau de t race .  
Les  t issus  d 'animaux  gpibenthiques  obtenus au cha lu t   on t   mon t res  

des niveaux 61 eves de cadmium e t   c u i v r e   p r P s  du banc  Roberts, e t  des n i  veaux 

e leves  de c u i v r e   e t  de  plomb B p r o x i m i t e  de 1 ' u s i n e  de t ra i t emen t   d 'eaux  

usees  Iona ( l e  banc   S turgeon) .   Le   mercure   e ta i t  dans l e s  1 i m i t e s  des n iveaux 
de fond B t o u s   l e s   e n d r o i   t s   e c h a n t i l l  onnes e t   e t a i  t moindre  que l e s  1 ignes  

d i   r e c t r i  ces canadiennes  pour 1 e mercure  dans l e s   p o i  ssons. 

Les  niveaux  de  biphenol s p o l y c h l o r e s   e t   p h e n o l s   c h l o r e s   f u r e n t  

moindre que l e s   l i m i t e s  de d e t e c t i o n  dans les   sed iments  B t o u t e s   l e s   s t a t i o n s  

i n t e r t i d a l e s .  Des hydrocarbures   a romat iques   po lynuc l6a i res   fu ren t   de tec t& 2 
des concent ra t ions   re1   a t i vement   basses   dans   les   sed iments   in te r t idaux   e t  

profonds  benthiques  pres de l ' e m i s s a i r e   d ' I o n a ,   m a i s   f u r e n t   m o i n d r e  que l e s  

1 i m i t e s  de d e t e c t i o n  dans l e s   a u t r e s   p a r t i e s  du banc  Sturgeon e t  du banc 

Roberts.  
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1 INTRODUCTION 

1.1 Pur po se 
The Fraser   River   Estuary Management Plan  (O' i i iordan  and Wiebe, 

1 9 8 4 )   i n c l u d e s   p r o v i s i o n s   f o r   m o n i t o r i n g   e n v i r o n m e n t a l   q u a l i t y   i n   t h e  

estuary.  As p a r t   o f   t h i s   P l a n ,  a f e d e r a l / p r o v i n c i a l  commi t tee   deve loped a 

recommended approach  to   mon i to r ing   mar ine   env i ronmenta l   qua l i t y   (Work ing  

Commit tee  on  Fraser   River   Estuary  Moni tor ing,   1984) .   Th is   p lan  out l ined 

s ta t i ons ,   f requency  and  parameters  to  be  sampled i n   b o t h   f r e s h w a t e r  and 

mar ine   po r t i ons   o f   t he   es tua ry ,   and   f o r   seve ra l   compar tmen ts   o f   t he  

ecosystem. As a c o n t r i b u t i o n   t o   t h i s  program,  Environmental   Protect ion 

s t u d i e d   t h e   d i s t r i b u t i o n   o f   m e t a l s  and  se lec ted   o rgan ic   con taminants   in  

s e d i m e n t   a n d   b i o t a   i n   t h e   o u t e r   p o r t i o n   o f   t h e   e s t u a r y   d u r i n g  1984-1986. 

T h i s   r e p o r t   p r e s e n t s   r e s u l t s   o f   t h e   s t u d y  and e s t a b l i s h e s  a b a s e l i n e   f o r  

f u tu re   mon i to r i ng .  

1.2 Study  Area  and  Sampling  Periods 
Samp l ing   l oca t i ons   a re  shown i n   F i g u r e  1. Survey  periods  and 

sampl ing   in fo rmat ion  i s  g i v e n   i n   T a b l e  1. Sta t ion   coord ina tes   and  parameters  

measured a t  each  a re   g iven   in   Append ix  I .  Water  column  samples,  benthic 

sediment  samples  and  trawls  were  taken  from  the  research  vessel CSS Vector; 

I n t e r t i d a l  work on Roberts Bank and  Sturgeon Bank was supported  by  the  Coast 
Guard Hovercra f t .  
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TABLE 1 Fraser  River  Estuary  Sampl ing  Dates and L o c a t i o n s  
rl 

Date  Vessel  Location  Environmental  Compartment 

10 Sep 84  Vector  Roberts Bank 

14 Nov 84  Vector Iona 

22 May 85 Hovercra f t   Iona,   S turgeon Bank, 

Main Arm, Roberts Bank 

23 J u l  85 Vector  Iona,  Roberts Bank, 

27 Nov 85 Vector  Iona,  Roberts Bank, 

Georgia S t r a i t  

9 Jan  86  Hovercraf t   Iona,Sturgeon Bank, 
Main Arm, Roberts Bank 

subt ida l   sediment ,  

ep i fauna 

i n t e r t i d a l  sediments, 

epi   fauna 

i n t e r t i d a l  sediments, 

in fauna 

subt ida l   sediments,  

ep i fauna 

sediments  cores, 

grab , epi fauna* 

i n t e r t i d a l  sediments 

~~~~ 
~ ~~~ ~~ 

*Resul t s   n o t   a v a i  1 ab1 e 
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2 MATERIALS AND METHODS 

2.1 Sample Col 1 e c t i o n  

2.1.1 Sediment.  Subtidal  sediment  grabs  were  taken  using a 0.1 

square  meter   s ta in less  s tee l   Smi th-MacIntyre  grab.  The top   two  cent imet res  

were  removed w i t h  a p l a s t i c  spoon  and f rozen   i n   s tandard   sed imen t   bags   f o r  

t race  meta l   analys is .   Sediment   cores  were  taken  wi th  a B e n t h o s   g r a v i t y   c o r e r  

equ ipped  w i th  a 60 kg   we igh t ,   p l   as t i c   t ube   and   co re   ca tche r .  The c o r e  was 

ex t ruded  f rom t h e  c o r e   t u b e   b y   i n s e r t i n g  a wooden plunger  and  pushing  the 

sediment  out  i n t o  a surface  where i t  was separa ted   w i th  a wooden s p a t u l a  and 

frozen  onboard i n  s tandard   sed imen t   bags   f o r   l a te r   ana lys i s .  

Sediment  samples  from i n t e r t i d a l  mud f l a t s  were c o l l e c t e d   b y  hand 
w i t h  a p l a s t i c  spoon f o r   m e t a l  s and t rea ted   as  above. Glass,  hexane-washed 

j a r s  were  used t o   s t o r e  samples fo r   o rgan ic   ana lyses .  

2.1.2 T i  ssues . Tissue  samples  f rom  subt ida l   ep i fauna  were  co l l   ected 
u s i n g  a small o t t e r   t r a w l   c o n s i s t i n g   o f  a 3.8 cm mesh n e t  and a 5.8 metre 

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 p p r o x i m a t e l y  0.8 km. 

Trawl  catches  were  enumerated  by  species  wi th  lengths  and  weights  recorded. 

Tissue  samples  were  taken  from  selected  specimens  using a s t a i n l e s s   s t e e l  

sca lpe l   and  forceps  as  fo l lows:  

- f i s h :   d o r s a l   m u s c l e   w i t h   s k i n  removed, 1 i ver  and g i  11 s. 

- shrimp: t a i l  musc le   (compos i tes   o f  2 )  and  hepatopancreas 

(composi tes o f  6 ) .  

- c r a b s :   l e g  and  claw  muscle  and  hepatopancreas. 

I n t e r t i d a l   i n f a u n a   f o r   t i s s u e  samples  were c o l l e c t e d   a t   l o w   t i d e  by 

hand. B i v a l v e s  were  purged i n   c l e a n   s e a w a t e r   f o r  24 h be fo re   f reez ing .  
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2.2 Ana ly t i ca l   P rocedures  

2.2.1 Sediment,  Sediment  samples  were  analysed f o r   t r a c e   m e t a l s  
by  the EP Labora tory   accord ing   to   p rocedures   ou t l ined   by   Swing le  and Uavidson 

(1979).  Samples  were  freeze-dried  and  sieved  through a 100-mesh ny lon  s ieve.  

They were t h e n   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 lsyed   f o r   t race   me ta l s   us ing  a Perkin-Elmer  Induct ively-Coupled  Argon 

Plasma ( I C A P )  O p t i c a l  Emmission  Spectrometer. Cadmium and l e a d   l e v e l s   b e l o w  

t h e  I C A P  d e t e c t i o n  1 imits were  analysed  using a J a r r e l  Ash 850  Atomic 

Absorpt ion  Spectrophotometer ( A A S )  w i t h  a FLA 100 graph i te   tube  fu rnace.  

Oil and  grease was determined  us ing a s o x l e t   e x t r a c t i o n  method w i t h  

f reon  as  the  so lvent .  
S e d i m e n t s   f o r   p a r t i c l e   s i z e   w e r e   f r e e z e - d r i e d   a n d   s i e v e d  

be fo re   we igh ing .   Sed imen t   vo la t i l e   res idue  was de termined  by   ob ta in ing   the  

l o s s   o f   w e i g h t  upon i g n i t i o n   a t  550 C f o r  one hour  (Swingle  and  Davidson, 

1979). 

Polynuclear   aromat ic   hydrocarbons (PAH) were  analysed  by GC/MS by 

the  Environment Canada R i v e r  Road Environmenatal  Technology  Centre,  Ottawa, 

and  by  Cantest, Sydney, BC. A t  R i v e r  Road, an a l i q u o t   o f  each  sediment 

sample was f i r s t   s u b j e c t e d   t o   s o x h l e t   e x t r a c t i o n   w i t h  benzene fo r  18  hours. 

The e x t r a c t  was then   f rac t i ona ted   t h rough  an a c t i v a t e d   s i l i c a   g e l   c o l u m n   t o  

remove co-ex t rac ted   non- ta rge t   o rgan ics .  The PAH f r a c t i o n  was f i n a l l y  
concen t ra ted   t o  1 mL and  analyzed  by G U M S  u s i n g   S e l e c t i v e   I o n   M o n i t o r i n g  

(SIM)  technique. 

P r i o r   t o   s o l v e n t   e x t r a c t i o n   e a c h  sample was s p i k e d   w i t h   f o u r  

d e u t e r i u m   l a b e l l e d  compounds ( d l 0  -Anth. d l 0  -Pyrene, d l2   -B (a )A  and 
d l2   -Pe ry lene )  . The recovery was i n   t h e   r a n g e   o f  30 t o  118%. Cantest  used 

s i m i  1 a r  methods. 

2.2.2 T i  ssue T i s s u e   t r a c e   m e t a l   l e v e l s  were  analysed  by  the EP 

Laboratory   accord ing  to   procedures  descr ibed  by  Swingle  and  Davidson 

(1979)  as  fol lows:  t issue  samples  were  thawed,  blended,  freeze-dried  and 

o x i d i z e d   i n  a low  temperature  asher. The a s h   c o n t a i n i n g   t h e   m e t a l l i c   s a l t s  

was t h e n   d i s s o l v e d   i n  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 analysed 
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on the   Induc t ive ly   Coup led  Argon  Plasma  (ICA?)  Optical  Emission  Spectrometer. 

T i s s u e   l e v e l 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 
l e a d  were  analysed  by  the  Jarel l  Ash 850 Atomic  Absorpt ion  Spectrometer ( A A S )  

w i t h  a i L A  100 graph i te   tube  fu rnace.  

For  mercury  the  b lended  and  f reeze-dr ied  samples  were  d issolved in a 

4:l su l fu r i c   ac id -wa te r   m ixu re .  These s o l u t i o n s  were f u r t h e r   o x i d i z e d   w i t h  

50% perox ide,   heated,   cooled  and  d i lu ted  wi th   potas ium  permanganate.  The 

r e s u l t a n t   s o l u t i o n s  were  then  analysed  by  "cold  vapour" AAS wi th   background 

co r rec t i on .   Va lues   a re   repo r ted   i n   d ry   we igh t .   Canad ian   gu ide l i nes   f o r  

m e t a l s   i n   f i s h  and f i s h   p r o d u c t s   ( F i s h   I n s p e c t i o n  Branch,  1983)  were 

conver ted   t o   d ry   we igh t   f o r   compar i son .   Wet :d ry   ra t i os   used   f o r   t he  

conversions  were 4.54 f o r  shrimp, 7.39 for  mussels  and 4.61 f o r   E n g l i s h   s o l e ,  

de r i ved   f rom  Goye t te   and   Chr i s t i e  (1983) and   cons ide red   t yp i ca l   o f   wes t   coas t  
b i o t a .   I n   t h e   g u i d e l i n e s ,   " f i s h   p r o d u c t s "   r e f e r s   t o   e d i b l e   f i l e t s  and  o ther  

p r o d u c t s   f o r  human c o n s u m p t i o n ,   w h i l e   " f i s h   p r o t e i n ' '   i s  a manufactured 

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

a p p l i e s   t o   a l l   f i s h   p r o d u c t s ,   w h i l e   t h e   g u i d e l i n e s   f o r   l e a d  and a rsen ic   app ly  

o n l y   t o   f i s h   p r o t e i n .  

2.3  Qual i t y  Control 
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  (NRC), Oyster  Tissue 

( N B S ) ,  Bov ine   L i ve r  (NBS), BCSS Marine  Sediment (NRC)  and MESS Marine 

Sediment ( N R C )  were  analysed  wi th   each  batch  o f   samples  processed.  I f  

s i g n i f i c a n t  ( 10%) d i f f e r e n c e s  were  observed  between  measured  and c e r t i f i e d  

values,  methods  were  checked  and  the  samples  re-run.  Analyt ical   resul ts  for  
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   w e r e   r e p o r t e d   w i t h   t h e   d a t a ;   c e r t i f i e d   v a l u e s  

fo r   t hese   s tandards   a re   ava i l ab le   a t   t he   Env i ronmen t  Canada l a b o r a t o r y   i n  

West Vancouver. 

2.4 Statistical Analysis 
Summary s t a t i s t i c s  were   p repar id   us ing  "Mu1 t i P l a n "   e l e c t r o n i c  

spreadsheets  on a D a t a P o i n t   m i n i c o m p u t e r   w i t h   s t a n d a r d   f u n c t i o n s   f o r  mean, 

maximum and minimum, s tandard   dev ia t ion   and  var iance.   For  summary 

s t a t i s t i c s   a l l   v a l u e s   l e s s   t h a n   c h e m i c a l   a n a l y t i c a l   d e c t i o n   l i m i t s  were 

a s s i g n e d   t h e   v a l u e   o f   t h e   d e t e c t i o n   l i m i t s .  
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1. 

For s ta t i s t ica l  comparisons, d a t a  were log-transformed  as  necessary 
t o  s tabi l ize  the  variance and o b t a i n  a more  normal distribution. Log 
transformations, comparative s t a t i s t i c s  and linear  regressions were performed 
on an I B M  PC using "StatPro"  statistical  analysis programs. 

3 RESULTS AND  DISCUSSION 

Sediment and  tissue  trace metal s are compared t o  reference  level s 
collected i n  unpolluted,  coastal  locations  during  rlarch, 1984 i n  Barkley 
Sound,  Quatsino Sound, Surf Inlet  and Laredo Sound. They  were analysed i n  
the same laboratory  using  the same methods and quality  control  procedures. 
These d a t a  were reported  separately by Harding and  Thomas (1987). 

3.1 Sediments 
Sediment contaminant  levels a re  compared t o  Apparent Effects 

Threshold ( A E T )  1 eve1 s devel oped by Washington State and EPA t o  p rov ide  
reference  levels  for  biological  effects o f  contaminants i n  Puget Sound 
sediments (Tetra Tech,  1986, 1987). The t e s t s  combine b o t h  laboratory 
dose-response  experiments and f ie ld  surveys of benthic communities. AET's 
are  the  levels above w h i c h  toxic  effects were always demonstrated; below a 
given A E T  some experiments  or studies demonstrated effects and  some d i d  no t .  
Hence, they are a conservative  indicator o f  environmental degradation.  Tetra 
Tech, Inc. ( i b i d . )  have developed AET's for amphipods, oyster  larvae, 
benthic communities and  luminescent bacteria exposed t o  a variety o f  organic 
and  inorganic contaminants.  

3.1.1 Sediment Trace Metal 5. Results of  duplicate  analyses from 
subtidal (107-156 m )  sediment grabs t aken  in south Georgia S t r a i t  o f f  Roberts 
B a n k  on September 10, 1984, are given i n  Appendix 2. No strong  pattern of  
spatial  distribution of trace  metals  are  apparent. Within station  variation 
was nearly  as h i g h  as between station  variation. Cadmium levels were quite 
h i g h  (max = 7.0 mg/kg a t  S t a t i o n  6 )  compared t o  baseline  levels o f  0.4 t o  1.3 
mg/kg i n  relatively unpolluted  coastal  locations  (Harding and Thomas, 1987). 
Qual i t y  control  results  for  these sampl es were double-checked and found t o  be 
w i t h i n  the  t?'erance  limits (MESS t r ip l ica tes  = 0.5, 0.6, 0.6 compared t o  a 
cer t i f ied value of 0.59 + 0.10; a n d  B C S S  t r ip l ica tes  = ( 0 . 3 ,  (9.3, (0.3 
versus a cer t i f ied va lue  of 0.25 + 0 . 0 4 ) ;  a l l  units i n  m g / k g ) .  

- 
- 
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Cadmium i n   b o t h   r e p l i c a t e s  a t  S t a t i o n  GS-6 were  above the  Apparent 

E f f e c t s   T h r e s h o l d  ( A E T )  o f  5.8 mg/kg f o r   e f f e c t s  on mar ine   benth ic  

communit ies  (TetraTech,  1986,1987). 
Cadmium was n o t   c o r r e l a t e d   w i t h  a luminum  (us ing  log  t ransformed 

d a t a )  , d h i c h   r e p r e s e n t s   t h e   c l a y   c o n t e n t   ( a l u m i n u m   s i l i c a t e s  tnake up t h e   b u l k  

o f  most   c lays;   c . f .   Nat ional   Oceanic   and  Atmospher ic   Admin is t ra t ion,   1987) .  

F i g u r e  2 shows cadmium as a f u n c t i o n   o f  a luminum  concent ra t ion   fo r   the  

sou the rn   S t ra i t   o f   Georg ia   (Sep tember  10, 1984: p o i n t s   l a b e l e d  " * ' I )  and 

coastal   basel ine  data  f rom  Harding  and Thomas, 1987 (sampled i n  March  1984: 

po in ts   l abe led   w i th   l l x l l ) .  A1 1 S t r a i t   o f   G e o r g i a   p o i n t s   f o r  cadmium are  

o u t s i d e   t h e  95% conf idence limits o f   t h e   b a s e l i n e   d a t a ,   i n d i c a t i n g   p o l l u t i o n  

above t h e   r a n g e   o f  cadmium a t   u n p o l l u t e d ,   c o a s t a l   l o c a t i o n s .  Copper  and 

mercury  were,  however, s i g n i f i c a n t l y   c o r r e l a t e d   w i t h  Aluminum, u s i n g  
log- t ransformed  data (r= 0.79 f o r  copper  and r =  0.85 fo r   mercury ;   p rob= 

0.75, d. f .=  8) .  

Mercury  (Appendix  2) was a l s o   h i g h e r  (max = 0.253 mg/kg a t   S t a t i o n  

1 )   t h a n   i n   u n p o l l u t e d   c o a s t a l   a r e a s  (0.005 t o  0.149  mg/kg; Harding  and 

Thomas, 1987) , but   less   than  Te t ra   Tech 's   Apparent   E f fec ts   Thresho lds   (Te t ra  

Tech  1986,  1987).  Copper (mean o f   d u p l i c a t e s )   r a n g e d   f r o m  15.6 t o  30.2 

mg/kg, w i t h   t h e   h i g h e r   l e v e l s   b e i n g   a t   t h e   d e e p e s t   s t a t i o n s   ( A p p e n d i x   2 ) .  

Arsen ic   and  lead   (Append ix   2 )   were   bo th   be low  de tec t ion   l im i ts   o f  8.0 and 3.0 

mg/kg, r e s p e c t i v e l y .  Copper ,   a rsen ic   and  lead   leve ls   were   a l l  we1 1 w i t h i n  

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

by  Harding  and Thomas (1987)   f o r   unpo l l u ted ,   coas ta l   sed imen ts   o f  B.C. and 

less   than  Te t ra   Tech 's   Apparent   E f fec ts   Thresho lds   (Te t ra  Tech,  1986, 

1987). 

R e s u l t s   f o r   c o r e s   t a k e n   a t   S t a t i o n s  GS-11 t o  GS-13 and  one  grab a t  

S t a t i o n  GS-10 on November 27, 1985 i n  G e o r g i a   S t r a i t   o f f   S t u r g e o n  Bank a r e  

g iven i n  Appendix 5. Arsenic  i n   s u r f a c e   s e d i m e n t s  was l e s s   t h a n   t h e  

d e t e c t i o n  1 imit o f  0.8 mg/kg a t   a l l   s t a t i o n s .   S u r f a c e   v a l u e s   f o r  cadmium 

were a l l   l e s s   t h a n   d e t e c t i o n   l i m i t s   o f  0.3 mg/kg, a s u r p r i s i n g   r e s u l t   i n   v i e w  

o f   t h e   r e 1   a t i v e l y   h i g h   v a l u e s   f o u n d   f u r t h e r   s o u t h   i n   t h e   S t r a i t   o f   G e o r g i a  on 

t h e  September  1984  survey. Q u a l i t y   c o n t r o l   r e s u l t s  were  double  checked  for  

t h i s   d a t a   s e t   t o   e n s u r e   t h a t   t h e y   d i d   n o t   u n d e r   r e p r e s e n t   t h e  cadmium l e v e l  s. 
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I f  anyth ing,  EP l a b   r e s u l t s  were a l i t t l e   h i g h  (MESS t r i p l i c a t e s  = 0.58, 0.70 

and 0.60 compared t o  an NRC c e r t i f i e d   v a l u e   o f  0.59 - + 0.04; BCSS t r i p l i c a t e s  
= 0.30, 0.40, 0.40 compared t o  NRC c e r t i f i e d   v a l u e   o f  0.25 - + 0.04; a l l   u n i t s  

i n  mg/kg). 
Copper i n   t h e   s u r f a c e  1 a y e r   o f   c o r e s  was s i m i l a r   t o   c o p p e r   l e v e l  s 

i n   t h e   e a r l   i e r   s u r v e y ,   r a n g i n g   f r o m  15.5 mg/kg a t  GS-10 o f f   R o b e r t s  Bank t o  

57.0 a t  GS-8 n o r t h   o f   t h e   I o n a   o u t f a l l .   S u r f a c e   m e r c u r y   c o n c e n t r a t i o n s   a t  

t h e  GS-10 t o  GS-13 s t a t i o n s  were i n   t h e   l o w   e n d   o f   t h e   r a n g e   o f   m e r c u r y   i n  

t h e   e a r l i e r   g r a b s   a t   s t a t i o n s  GS-1 t o  GS-7 (0.07 - 0.16 mg/kg).   Surface  lead 

concentrations,  however,  were much h igher ,   rang ing   f rom 12.0 mg/kg a t  GS-10 

t o  35.0 mg/kg a t  GS-13. Arsenic ,  cadmium,  and m e r c u r y   c o n c e n t r a t i o n s   i n  

sur face  sediments  f rom  these  s ta t ions  were  wi th in   the  range o f  l e v e l s   o f  

these  meta ls   repor ted  by  Harding  and Thomas (1987) f o r   u n p o l l u t e d ,   c o a s t a l  
sediments o f  B.C., wh i le   copper  and l e a d  were higher.   Both  copper  and  lead 

were  below  Tetra  Tech's  AET's  (Tetra  Tech 1986, 1987). 

Core p r o f i l e s   ( A p p e n d i x  5 )  showed r e l a t i v e l y   c o n s t a n t   t r a c e   m e t a l  

l e v e l  s w i t h   d e p t h   i n   t h e   c o r e ,  down t o  100-160 cm. 
I n t e r t i d a l   s e d i m e n t   g r a b   r e s u l t s   f r o m  May, 1985 were  grouped f o r  

s t a t i o n s   i n   N o r t h   I o n a   ( n o r t h   o f   t h e   j e t t y ) ,   S o u t h   I o n a   ( s o u t h   o f   t h e   j e t t y  

near   the  sewage t rea tmen t   p lan t ) ,   S tu rgeon  Bank and  Roberts Bank (Tab le  2, 

Appendix 3 ) .  A v e r y   s t r o n g   p a t t e r n   o f   s p a t i a l   d i s t r i b u t i o n  was observed, 

w i t h  mean l e v e l s   o f  cadmium, copper ,   lead,   mercury  and  o ther   t race  meta l  s 

be ing  genera l  1 y a f a c t o r  o f  tvJo o r  more h i g h e r  i n  the  South  Iona  group  than 

i n   t h e   o t h e r   a r e a s   ( F i g u r e  3 ) .  Cadmium was less   t han  1.0 mg/kg e x c e p t   f o r  

the  south  Iona  s ta t ions,   which  averaged 1.4 mg/kg  and  had a maximum o f  4.7 

mg/kg. Mean copper  ranged  from  12.1  to 35.0 mg/kg  except a t   t h e   s o u t h   I o n a  

s tat ions,   which  had a mean o f  88.7 and a inaximum o f  308 mg/kg. Mean mercury 

l e v e l s  were i n   t h e   r a n g e   o f  0.9-0.11 mg/kg except  a t  south  Iona,  where  the 

mean  was 0.38 mg/kg. Lead showed a s i m i l a r  p a t t e r n ,   a v e r a g i n g   l e s s   t h a n  5.0 

mg/kg i n   a l l  areas  except   Iona  wi th  a mean o f  44.4 mg/kg. 

I n   January  1986, t h e  FREMP s t a t i o n s  (SB-1  t o  SB-4, RB-1  t o  RB-3, 

1-1  and MA-2) were  re-sampled t o   t e s t   f o r  seasonal   d i f ferences i n   t r a c e   m e t a l  

content (Appendix  4 ) .  Mean l e v e l s   o f  cadmium, copper  and  mercury  were 

s l i g h t l y   h i g h e r   i n  May (Fraser  River p r e - f r e s h e t )   t h a n   i n   J a n u a r y   ( F r a s e r  
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R i v e r   p o s t - f r e s h e t ) .  The d i f f e r e n c e s  were s i g n i f i c a n t   o n l y   f o r  cadmium and 

mercury  however,  based on p a i r e d   t - t e s t s   u s i n g   l o g - t r a n s f o r m e d   d a t a  ( t= 1.24, 

prob.= 0.250, d . f .=  8 f o r  cadmium  and t =  1.94, prob.= 0.09, d. f .= 8 f o r  
mercury ) .   Var iance  p lo ts   a re  shown i n   F i g u r e s  4 t o  6. Means f o r   a r s e n i c  and 

l e a d   c o u l d   n o t   b e   c a l c u l a t e d   s i n c e  a1 1 o r  some values  were  below  detect ion 

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

the  Fraser  River;   or   the  contaminated  sediments may have  been  swept ou t .  
The l e v e l  s o f  cadmium, copper  and  mercury a t  South  Iona , Sturgeon 

Banks, Midd le  A r m  and  Roberts Bank i n t e r t i d a l   a r e a s  were a l l   w e l l   w i t h i n   t h e  

range  reported  by  Harding  and Thomas (1987)   fo r   unpo l lu ted ,   coas ta l   sed iments  

of B.C. Leve ls  o f  a l l   t r a c e   m e t a l s   a t   a l l   i n t e r t i d a l   s t a t i o n s  were  below 

Tet ra   Tech 's  AET's, a l though cadmium, copper,  lead  and  mercury  were  very 

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

d i f f e r e n c e s ,   t h e s e   r e s u l t s   a r e   s i m i l a r   t o   t h o s e   f o u n d   b y  Pomeroy (1983) i n  

December, 1981. The same l a b o r a t o r y  and ana ly t i ca l   t echn iques  were  used i n  

bo th   su rveys ,   bu t   t he   s ta t i ons   i n  December, 1981,  were l o c a t e d   j u s t   o f f  

(seaward)  Sturgeon Bank, i n   t h e   a r e a   o f   t h e   p r o p o s e d  deep sea o u t f a l l   f r o m  

t h e  sewage t rea tmen t   p lan t .  Cadmium  was b e l o w   d e t e c t i o n   l i m i t s   o f   a r o u n d  0.6 

mg/kg i n   t h e   e a r l i e r   s u r v e y ,  and  copper was i n   t h e  same range  (33.1-47.0 

mg/kg)  as  noted i n   t h i s   s t u d y .   M e r c u r y  was g e n e r a l l y  much h i g h e r   i n   t h e  

e a r l i e r   s u r v e y ,  up t o  7.58  mg/kg, a l e v e l   t h a t  had  been  confirmed  by  repeated 
a n a l y s i s ;   h i g h e s t   c o n c e n t r a t i o n s  were a l s o   n e a r   t h e   I o n a   o u t f a l l .  Lead was 
a l so   h ighe r   i n   t he   p rev ious   s tudy ,   rang ing   be tween  10.3  mg/kg  and  27.9  mg/kg, 

e x c e p t   f o r  one v a l u e   o f  166.0  mg/kg s t a t i o n  - n o r t h ,   o f   t h e   I o n a   o u t f a l l .  

3.1.2 P a r t i c l e   S i z e .  O f  the  areas  sampled,  cores o f f  Sturgeon Bank 
( S t a t i o n s  sampled i n  GS-8,  GS-9 and GS-11 t o  GS-12 and  grab GS-10) had t h e  

h i g h e s t   f r a c t i o n   o f  silt and c l a y  ( <  0.063 mm), w i th   va lues  between 38.2 and 
77.2% (Appendix 6 ) .  Grabs a t   S t a t i o n s  GS-1 t o  GS-7 had some what  coarser 

sediment, w i t h  most s i l t  and c lay   f rac t i ons   be tween  20.8 and 33.7% (Appendix 

7 ) .  The s t a t i o n s   i n  deeper  water had the  h ighest   percentages o f  s i l t  and 

c l a y .   S i z e   f r a c t i o n s   i n   i n t e r t i d a l   s e d i m e n t s   t e n d e d   t o   b e   c o a r s e r   ( m o s t  

va lues  less  than  10% s i l t  and c l a y )   b u t  more v a r i a b l e   ( r a n g i n g   f r o m  0.0% s i 1  t 
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and c l a y   t o  25.9%  on Sturgeon  Banks,  and 32.8% i n   t h e  Main A r m  i n  May, 1985; 
Appendix 8;  maxima somewhat h i g h e r   i n   J a n u a r y ,  1986,  Appendix  9).  Overal l ,  
t h e r e  was no c o r r e l a t i o n   o f   t r a c e   m e t a l   l e v e l s   w i t h   s e d i m e n t   p a r t i c l e   s i z e .  

3.1.3 Organic  Carbon  Content. Sediment  organic  content,  measured  as 
sediment v o l a t i l e   r e s i d u e  ( S V R )  by   we igh t   loss  on i g n i t i o n ,  was very 
homogenous i n  deep sediments o f f   I o n a   ( S t a t i o n s  GS-9 t o  GS-12) i n  November, 
1985 (Appendix   6) .  A1 1 values  were  between 3.0% and 6.0%. By c o n t r a s t ,  SVR 
on Sturgeon  and  Roberts  Banks i n   b o t h  May, 1985 and  January,  1986, was 
g e n e r a l l y   l o w e r   b u t  more var iable  (Appendix  8,9).   Most  values  were  less  than 
1.0%, b u t   s e v e r a l  were  over 3.0% and a few  were  over 8.0%. 

T r a c e   m e t a l s   a t   i n t e r t i d a l   s t a t i o n s   i n  May 1985,  were s t r o n g l y  
c o r r e l a t e d   w i t h   o r g a n i c   c o n t e n t   ( r 2  > 0.9 f o r  Cd,  Cu,  Hg,  Zn and Pb as t h e  
dependent   var iab le  regressed  against   Sediment   Volat i le   Residue  as  the 
i ndependen t   va r iab le ;   F igu res  7-  11). The h i g h e s t   v a l u e s   f o r   b o t h   o r g a n i c  
con ten t   and   t race   me ta l   l eve l s  were a t   t h e  two s ta t i ons   nea res t   t he   I ona  
sewage t r e a t m e n t   p l a n t   o u t f a l l .  

3.1.4 Organic  Chemical s. P o l y c h l o r i n a t e d   b i p h e n y l s  and c h l o r i n a t e d  
phenols  sampled i n   i n t e r t i d a l  sediments i n  May, 1985,  were  below d e t e c t i o n  
l i m i t s   a t   a l l   i n t e r t i d a l   s t a t i o n s   ( T a b l e   3 ) .   P o l y n u c l e a r   a r o m a t i c  
hydrocarbons  sampled i n  deep sediments o f f   I o n a   ( S t n .  GS-13) and i n  
i n t e r t i d a l  sed iments   near   the   Iona  ou t fa l l   (S tn .  SB-1) were  detected  by  the 
Environment Canada 1 ab a t   R i v e r  Road, Ottawa a t  r e 1   a t i   v e l y  1 ow 1 eve1 s 
( T o t a l  PAH 166-170  ng/g;  Table 4; F igu re   12 ) .  These l e v e l s   a r e   w e l l   b e l o w  
t h e  AET' s e s t a b l   i s h e d  for Puget Sound ( T e t r a  Tech 1986 , 1987 1. E l  sewhere, 

they  were  below  detect ion 1 imi t s  on  Sturgeon  and  Roberts Banks.  PAH's  were 
a lso  analysed  by  Cantest  i n  s e d i m e n t   c o l l e c t e d   i n   J a n u a r y ,  1986  f rom  s tat ions 
1-1, SB-3, SB-4,23, RB-2,  RB-3, and MA-2. All r e s u l t s  were  negative,  i.e., 
PAH's  were  non-detectable a t   a l l   s t a t i o n s .   D e t e c t i o n   l i m i t s   a r e   g i v e n   i n  
Appendix 10.  These r e s u l t s   a r e   n o t   c o n s i d e r e d   c o m p a r a b l e   t o   t h o s e   b y   t h e  
R i v e r  Road 1 ab  due t o   a n a l y t i c a l  and  sample c o l  1 e c t i o n  ( season d i f f e r e n c e s .  
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TABLE 3 Sediment Polychlorinated Biphenyls And 
Pentachl  orophenol /Tetrachlorophenol (ug/g)  A t  Iona, Sturgeon Bank, 
Main Arm, and Roberts Bank,  May, 1985 

STATION PCB Pentachlorophenol 
# Tetrachl orphenol 

GS- 1 

S8-1 

S8-2 

SB-3 

SB-4 
MA- 2 

RB- 1 
RB-2 

< 0.02 

< 0.02 

< 0.02 

< 0.02 

< 0.02 
< 0.02 

< 0.02 

< 0.02 

< 0.001 

< 0.001 
< 0.001 

< 0.001 
< 0.001 
< 0.001 

< 0.001 

< 0.001 

D 
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TABLE 4 Sediment Polynuclear Arrmatic Hydrocarbons A t  Iona, 
Novaher 27,1985 Ihd A t  Roberts Bank, January 9 , l S  
In  rg/g (uncorrected for recovery). 

PAH 27 Nov 85 9 Jan 86 

Gs-3 GSlO SB-1 9 - 2  Rl3-1 

Pcenaphthyl ene 
Pcenaphthene 
fl uorene 
Phenanthrene + Anthracene 
fl uoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene + Tripene 
Benzo( b)+( k)F1 uranthene 
&nzo(e)Pyrene 
Benzo(a)Pyrene 
Peryl  ene 
D-Phenanthr"Pyr-ene 
D(ah)anthracene 
Benzo(ghi )Perylene 

- - 
44- 
35 - 
29 - 
17 - 
- - 
26 - 

- - 
19 - 17 - - 

TOTAL 170 - 166 - - 

Recovery % 

dl0-anthracene 
d l O - P r n  
dlZ-hzo(a)Anthracene 
dl2-Peryl ene 

51 49 
76 76 
74 75 
30 31 

56 52 38 
9 8 8 2 6 6  
93 83 68 
51 34 30 1 

a 
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3.2 B i o t a  

3.2.1 Trace  Meta ls  I n  Deep Water  Species  Only  data  for   commercial ly 

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

Trawls  were  completed i n   t h e   s o u t h   G e o r g i a   S t r a i t   o f f   R o b e r t s  Bank 

on September  10,  1984  (Tab1 e 5, Appendix 111, o f f   I o n a  on  November 13,  1984 

(Appendix  121,  and o f f  Sturgeon Bank d u r i n g   J u l y  1985 (Tab le  6, Appendix  13). 

Trawl   catches  f rom  Stat ions R - 1  t o  R-3 o f f   R o b e r t s  Bank were  combined,  as 

very  few  specimens  were  caught. 
Only  three  species  were common to   bo th   t he   Rober t s  Bank (September, 

1984; Tab'l e 5 )  and  Sturgeon Bank  (May,  1985; Table  6)   surveys:   Dover   so le  

(Mic ros tomas  pac i f i cus) ,   s ides t r ipe   shr imp  (Panda lus   d ispar ) ,   and  hake 
(Mer lucc ius   p roduc tus ) .   S ides t r i pe   sh r imp   were   a l so   ob ta ined   i n  November, 

1984  (Appendix  12). A1 so, mercury  and  low-1  evel  (F1  ameless AA)  1 ead  and 

cadmium were n o t   a n a l y s e d   i n   t h e   l a t t e r   s u r v e y ,   m a k i n g   c o m p a r i s o n s   d i f f i c u l t .  

Mean a r s e n i c   l e v e l s   i n   s i d e s t r i p e   s h r i m p  were s i m i l a r   o f f   R o b e r t s  Bank and 

Iona   i n   Sep tember   and   November ,   1984   (39 .8   mg /kg   and  43.5  mg/kg, 

r e s p e c t i v e l y ) .  The c o n c e n t r a t i o n   o f   a r s e n i c   i n   t h i s   s p e c i e s  was h i g h e r   o f f  

Sturgeon Bank i n  May, 1985,  however  (73.6  and 69.3 mg/kg a t  1-3 and 1-6, 

r e s p e c t i v e l y ) .  Mean copper i n   s i d e s t r i p e   s h r i m p  was s i m i l a r   a t   R o b e r t s  Bank 

and  Iona i n  September  and November 1984  surveys  (16.7 mg/kg  and 16.9 mg/kg, 

r e s p e c t i v e l y ) ,   b u t  was h i g h e r   o f f   S t u r g e o n  Bank i n  May, 1985  (51.7  mg/kg a t  

1-6 vs. 16.7 mg/kg o f f   Rober ts   Bank) .  These d i f f e r e n c e s   c o u l d  be  due t o  

v a r i a t i o n s   i n  space o r   t i m e   o r   o t h e r   f a c t o r s ;   s i m i l a r   d i f f e r e n c e s  were n o t  

noted i n  hake o r  Dover  sole. 

Mean,  maximum and  minimum l e v e l s   o f   a r s e n i c ,  cadmium, m e r c u r y - a n d  

l e a d   a r e  shown for   severa l   commerc ia l   spec ies i n   F i g u r e s  13  and 14. 

Arsenic  was above t h e   G u i d e l i n e s   l e v e l   i n   e d i b l e   t i s s u e s  o f  

s idestr ipe  shr imp,  prawns  (Pandalus  p latyceros),   Dover  sole,  Dungeness c rab  
(Cancer   magis ter )  . The mean 1 eve l  s were;  however, s i m i l a r  t o  1 eve l  s i n  

s idest r ipe  shr imp,   prawns,  Dungeness crab  and  Dover  sole  f rom  unpol luted, 

coas ta l   loca t ions   repor ted   by   Hard ing   and Thomas (1987). The h i g h e s t  mean 

v a l u e s   r e c o r d e d   i n   t h i s   s u r v e y  - 60.0  mg/kg i n  Dover  sole  muscle  from  Roberts 

Bank,  64.0 mg/kg i n  Dover  sole  muscle  from 1-6, 69.3 mg/kg i n   s i d e s t r i p e  

m 
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TABLE 5 Sunmry Statistics Of Selected Trace Metals In  Fish And Invertebrates 
Trawled Off Roberts Bark, (Stations R-2 and R-3 carbinedl 
Septmber, 1984. 
(mg/kg dry Wt.1 

AL As El4 CD CR cu FE ffi NI PB SN w 

MIN 4 
MAX 7 

W ( 6 )  4.83 
C.V. 0.27 

MIN 66 
M4Xm 

W ( 3 )  123.67 
C.V. 0.58 

11 

268 
1460 

11 
44 

12 
4 

W I W  
31 0.08 
44 0.12 

39.83 0.09 
0.12 0.19 

W I W  
18 1.98 
29 327 

24.00 2.56 
0.23 026  

CRAB 
25 1.9 

CRAB 
29 3.46 
65  15.5 

CRAB 
49 0.48 
157  1.49 

SOLE 
14 0.23 
6 0.08 

0.05 
0.1 

0.06 
0.34 

0.41 
0.75 
0.64 
0.31 

0.07 

1.9 
3.2 

2.6 
5.3 

0.91 
0.04 

Panda1 opsi s di spar 
0.4 13.4 6.5 
0.9 18.4 20.4 
0.52 16.68 12.15 
0.40 0.11 0.44 

Crangon m n i s  
0.4  55.9 111 
0.7  120 485 
0.57 84.20 273.67 
0.27  0.39  0.70 

Cancer magister 
0.5 19.8  34.2 

Cancer magister 
1.6 195 1090 
5.4 138 3960 

Cancer magister 
0.4 86.7 183 
1 1820 218 

Pamphrys vetul us 
0.6 25.4 588 
2.8 1.2 22.4 

0.13 
0.37 
0.25 
0.35 

0.1 
0.14 
0.12 
0.18 

0.55 

0.33 
0.75 

0.93 
1.27 

- 
0.11 

MJSCLE 
2 0.08 
2 0.08 

2.00 0.08 
0.00 0.00 

WMOLE 
2 0.08 
2 0.21 

2.00 0.12 
0.00 0.61 

MJXLE 
2 0.08 

GILL 
7 0.3 
9 2.34 

HEPATOPANCREAS 
7 0.08 
7 0.09 

MJSCLE 
2 0.43 
2 0.22 

0.8 36.5 
0.8 44.4 
0.80 40.12 
0.00 0.07 

0.8 50.8 
0.8 62.2 
0.80 57.23 
0.00 0.10 

0.8  245 

0.8 170 
0.9 412 

0.7 56.8 
0.9 160 

0.9 116 
0.8 16.1 
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TABLE 5 Sunnary Stat ist ics Of Selected Trace Metals In Fish And Invertebrates - 
Fran A Trawl Off Roberts Bank, (Stations R-2 and R-3 ccmbined) 
septeri3er, 1984. (Continued, page 2) 
(qkg dry Wt.1 

AL As EN CD CR cu FE tG N I  PB SN w 

SOLE Parophrys vetul us GILL 
20 4 1.3 0.04 1.1 2.2 172  0.09 2 0.25  0.9  66.3 

SOLE Microstanus pacificus MJSCLE 
MIN 4 21 0.08 0.04 0.6 0.8  15.2 0.17 2 0.08 0.8 14.6 
w 45 82 0.2 6.44 2 25.3 3410 1.97 2 0.08 0.8 133 

FzAN(4) 14.25 60 0.11 1.63 1.4 7.35 867.7 1.125 2 0.08 0.8 45.9 
C.V. 1.44 0.46 0.55 1.95 0.45 1.63  1.95 0.66 0.00 0.00 0.00 1.27 

SOLE Microstomts pacificus GILL 
50 20 3.09 0.08 23  2.5  314  0.18 14 0.09  0.9  55.2 

SOLE Microstarus pacificus LIVER 
16 53 0.1 3.1  0.9  31.5 741 - 2 0.2 1 116 

HAKE Mer1 uccius productus MJSCLE 
4 4 0.09 0.04 0.5 1.3  12.9 0.07 2 0.2 0.9 15.2 

WE Mer1 uccius productus GILL 
18 5 6.6 0.07 1.3  1.6  138 - 2 0.2 1 91.6 

HAKE Mer1 uccius productus LIVER 
6 5 0.1  2.3 0.5 17.2  379 0.07 2 0.3 1 56.7 
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shr imp  f rom 1-6 and 73.6 mg/kg i n   s ides t r i pe   sh r imp   musc le   f rom I -  3 - a re  

a1 1 1 ess  than  the  h ighest  mean leve ls   f o r   t hese   spec ies   repo r ted   by   Hard ing  
and Thomas ( 1 9 8 7 )   f o r   u n p o l l u t e d   r e f e r e n c e   a r e a s .   A r s e n i c   l e v e l s   i n   E n g l i s h  

so le   (Parophrys   ve tu l   us )   were   be low  the   Gu ide1  ines   leve l ,  and  were l ess   t han  

l e v e l s   r e p o r t e d   b y   H a r d i n g  and Thomas (1987)   f o r   unpo l l u ted ,   coas ta l  

l o c a t i o n s .   A r s e n i c   l e v e l s   i n   c o d   ( Y i c r o g a d u s   p r o x i m u s )  were less   than  the  

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

hepatopancreas  and g i l l   t i s s u e s  were a1 so s i m i l a r   t o   t h o s e   i n   t h e   r e f e r e n c e  

areas . 
Cadmium c o n c e n t r a t i o n s   i n   e d i b l e   m u s c l e   o f   a l l   f i s h ,   s h r i m p  and 

prawns  were  genera l ly   be low  0.3  mg/kg,   or   be low  detect ion  l imi ts .  An 

e x c e p t i o n   i n   s h r i m p  was a  mean o f  1.27  mg/kg o f  16 s i d e s t r i p e   a t  1-6, which 

r e s u l t e d   f r o m  one anomalously  h igh  value  of  17.3  mg/kg; a l l   o t h e r s   i n   t h a t  
da ta   se t  were 0.2 mg/kg o r   l e s s .  I n  f i s h ,  one Eng l ish   so le   f rom  Rober ts  Bank 

had 0.91  mg/kg Cd i n  muscle  and  one  Dover  sole  from  the same area had 6.4 

mg/kg Cd i n  m u s c l e   t i s s u e   ( t h r e e   o t h e r s   i n   t h e   l a t t e r   d a t a   s e t  were below 

d e t e c t i o n   l i m i t s ) .  These t h r e e   v a l u e s   i n  two so le  and  one shr imp  species  are 

w e l l   a b o v e   l e v e l s   i n   t h e s e   s p e c i e s   ( s o l e ,   g e n e r a l l y  <0.2  mg/kg, max = 

2.3 mg/kg; shrimp <0.4 mg/kg)   repor ted   by   Hard ing  and Thomas (1987)   f o r  

unpo l l u ted ,   coas ta l   l oca t i ons .   The re   a re  no Canad ian   gu ide l ines   fo r  cadmium 

i n   f i s h .  

As expected, i n   a l l   s p e c i e s  cadmium was c o n s i s t e n t l y   h i g h e r   i n  

1 i v e r   o r   h e p a t o p a n c r e a s   t h a n   i n   e i t h e r   m u s c l e   o r   g i  11 t i s s u e ,  a1 though  the 

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

wh ich   compara t ive   da ta   a re   ava i lab le   (Hard ing   and Thomas 19871, e x c l u d i n g  

Dungeness crab.  High  values  included  37.1  and  16.3 mg/kg i n  hepatopancreas 

from  two Dungeness c r a b s   a t  1-3,  18.5  mglkg i n  hepatopancreas  from a 

Dungeness c r a g   a t  1-6, and a mean o f  27.6  mg/kg (max.= 42.2) i n   t h r e e  

s ides t r i pe   sh r imp   f rom 1-3. 

Copper c o n c e n t r a t i o n s   i n   s h r i m p  and  prawn t i s s u e   w e r e   g e n e r a l l y   i n  

t h e  12 t o  28 mg/kg  range,  except  for  a g roup   o f  16 s i d e s t r i p e   s h r i m p   i n   w h i c h  

the  mean  was 51.7 mg/kg. Excep t   f o r  an anomous ly   h igh   va lue   o f  522 mg/kg, 

a l l   o t h e r s   i n   t h a t   d a t a   s e t  were w i t h i n   t h e   r a n g e   n o t e d  above.  Copper l e v e l s  

i n   f i s h  muscle  were  usual ly   less  than 2.0  mg/kg, s i m i l a r   t o  mean copper 

l e v e l s   o f   a b o u t  0.8 t o  1.8 a t   u n p o l l u t e d ,   c o a s t a l   l o c a t i o n s   r e p o r t e d  



- 41 - 
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1 

by Hard ing  and Thomas (1987). H i g h e r   l e v e l s   o c c u r r e d   i n  an Engl i sh   so le   f rom 

Kober ts  Bank (25.4  mg/kg), r a t f i s h   ( H y d r o l a g u s   c o l e i )   f r o m   R o b e r t s  Bank (sean 
o f  3.23 mg/kg, max.= 6.40, n=3) ,  a hake  from  1-3, Rex so le   (G lyp tocepha lus  

zach i rus )   f rom 1-3  (mean o f  4.07 mg/kg, max.= 5 . 7 ,  n=3) ,  and S lender   so le  

( L y o p s e t t a   e x i l i s )   f r o m  1-3 (mean o f  5.3 mg/kg, max.= 9.1, n=3).  There i s  no 
C a n a d i a n   g u i d e l i n e   f o r   c o p p e r   i n   e d i b l e   f i s h   t i s s u e .  

Copper l e v e l s   i n   h e p a t o p a n c r e a s   o f   s h r i m p ,  prawns  and  Dungeness 

c rab  were much h i g h e r   t h a n   i n   m u s c l e  and g i l l   t i s s u e ,   e x c e e d i n g  300  mg/kg i n  

prawns, 500 rng/kg i n  shrimp  and 1800 mg/kg i n  c rab .   Mos t   f i sh   l i ve r   copper  

l e v e l s  were l e s s   t h a n  10  mg/kg; a few  dere  between  10  and 50 mg/kg  and  one 

reached 112  mg/kg i n  a cod  f rom 1-3. The l e v e l s   f o r  prawns  shrimp,  and f i s h  

a r e   s i m i l a r   t o   b a c k g r o u n d  1 eve1 s r e p o r t e d  by  Harding  and Thomas (1987 1. 
A t  t h e   t r a w l   s i t e s   o f f   R o b e r t s  Bank , mercury was less   t han  1.0 

mg/kg i n   f i s h  musc le ,   except   fo r  a mean of  1.13 mg/kg i n   r a t f i s h  (inax.= 2.0 

mglkg; n=3) and a  mean o f  1.13 mglkg i n  Dover  sole (max.= 1.97; n=4) .  These 

v a l u e s   a r e   c l o s e   t o   t h e   u p p e r   l i m i t s   o f   b a c k g r o u n d   l e v e l s   r e p o r t e d   b y   H a r d i n g  
and Thomas (1987) ,   bu t   be low  the   Canad ian   gu ide l i ne   f o r   mercu ry   i n   f i sh .  

Mercury was n o t   n o t i c e a b l y   d i f f e r e n t   i n   h e p a t o p a n c r e a s   o r  1 i v e r  and g i l l  

t i s s u e   t h a n   i n   m u s c l e   t i s s u e .   M e r c u r y  was no t   ana lysed  fo r   spec imens 

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

L e a d   c o n c e n t r a t i o n s   i n   a l l   t i s s u e s   o f   f i s h  were  below o r   n e a r  I C A P  

d e t e c t i o n  1 imi t s   o f  3.0 mg/kg a t  1-3  and 1-6, and  measured l e s s   t h a n  1.0 

mg/kg  by F1 ameless AA f o r  specimens c o l l   e c t e d   o f f   R o b e r t s  Bank. Mean l e v e l  s 
f o r   l e a d   i n   s o l e   i n   u n p o l l u t e d ,   c o a s t a l   l o c a t i o n s   w e r e   i n   t h e   r a n g e   o f  1.0 t o  

3.2 mg/kg (Harding  and Thomas, 1987). I n   e d i b l e   m u s c l e   o f  prawns,  shrimp  and 

Dungeness c rabs  , however, 1 e a d   l e v e l  s were occas iona l  l y  h ighe r :  a  mean o f  

4 .33  mg/kg (max.= 6.0, n=4) i n  prawns  from  1-3, 36.0  rng/kg i n  a Dungeness 

c rab   f rom 1-6, a  mean o f  4.5 (max.= 11.0, n= 14 )   i n   p ink   sh r imp   (Panda lus  

b o e r e a l i s )   f r o m  1-6,  and a  mean o f  2.31 mg/kg, w i t h   s e v e r a l   i n d i v i d u a l s   a b o v e  

3.0 mg/kg i n   s i d e s t r i p e   s h r i m p   f r o m  1-6. All o f   t h e s e   h i g h e r   l e v e l s   a r e  

above t h e   C a n a d i a n   g u i d e l i n e   o f  2.3 mg/kg, dry we igh t   (conver ted   f rom  the   wet  

we igh t  1 imit o f  0.5 u s i n g  a s t a n d a r d   r a t i o   o f  4.54). 
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3.2.2 T r a c e   M e t a l s   I n   I n t e r t i d a l   S p e c i e s .   I n t e r t i d a l   c l   a m  and 

m u s s e l s   w e r e   c o l l e c t e d   i n  May 1985, i n   con junc t i on   w i th   sed imen t   samp l ing ,  
and  analysed  for   t race  meta ls .   Species  co l lected  were  the  deposi   t - feeding 
clams,  Cryptomya  cal i forn iana  and Macoma bal   th ica  and  tne  mussel  , Myt i1   us 

e d u l i s .  Summary s t a t i s t i c s  by   spec ies ,   w i th   a l l   s ta t i ons   g rouped   toge the r ,  

a r e   g i v e n   i n   T a b l e  7 ;  d a t a   f o r   e a c h   s t a t i o n   a r e   i n   A p p e n d i x  14. 

F i g u r e  15 shows c o n c e n t r a t i o n s   o f  chromium,  copper,  mercury  and 

z i n c   i n  Macoma b a l   t h i c a   f o r   t h i s   s u r v e y  and a survey by D e r l i l l   i n  1376. 

These are  the  meta l  s t h a t  EP 1 aboratory   qual  i t y  c o n t r o l   r e c o r d s   i n d i c a t e   t h a t  

a n a l y t i c a l   r e s u l t s   a r e   c o m p a r a b l e   d u r i n g   t h i s   p e r i o d  ( P .  K luckner .  EP 

Labora tory  Manager,  pers. comm.). The s t a t i o n s  shown are   those  fo r   wh ich  
Macoma x. was c o l l   e c t e d  on both  surveys , a r r a n g e d   i n   i n c r e a s i n g   d i s t a n c e  

f r o m   t h e   o u t f a l l   ( S t a t i o n  14 i s   a d j a c e n t   t o   t h e   o u t f a l l   c h a n n e l  , a1 though 

some d i s t a n c e   f r o m   t h e   a c t u a l   o u t f a l l  1. DeMi l l  gave the  mean o f  5 samples 

f rom  each  s ta t ion,   each  sample  conta in ing 2 c lams  fo r   mercury ,   and  s ing le  

analyses - of poo led   samp les ,   each   cons i s t i ng   o f   seve ra l  dozen i n d i v i d u a l  

clams, f o r   o t h e r   t r a c e   m e t a l  s. Our da ta   a re   f rom  s ing le   ana lyses   o f   poo led  

samp les   cons i s t i ng   o f   seve ra l   i nd i v idua ls .   A l so ,   DeMi l l ' s   mercu ry   da ta ,  

expressed  as  wet   weight ,   were  conver ted  to   dry   weight   (us ing a  mean dry :wet  

r a t i o   o f  6.71 c a l c u l a t e d   f r o m   h i s   d a t a ) ,   w h i c h   i n t r o d u c e s   a n o t h e r   s o u r c e   o f  
v a r i a t i o n .   H i s   o t h e r   t r a c e   m e t a l   d a t a   w e r e   g i v e n   i n   b o t h   w e t   a n d   d r y  

weight .  
D e s p i t e   t h e   a b o v e   q u a l   i f i e r s ,   t h e   d a t a   f o r   c l a m s   f r o m   t h e  two 

su rveys   n ine   yea rs   apa r t  show s t rong  coherence  by   s ta t ion ,  and  suggest an 

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

I n  mussels  the mean (n=4, S t a t i o n s  5 and 7 )  l e v e l s  o f  a rsen ic ,  

cadmium, copper,  chromium,  mercury  and  lead  were a1 1 l e s s   t h a n   t h e  means f o r  

these  metal  s repor ted   by   Hard ing  and Thomas (1987) a t  a r e f e r e n c e   l o c a t i o n .  

A1 1 f o u r  Val  ues f o r  1 ead , however,  exceeded  Canadian  Guide1  ines  (converted  to 

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

4 CONCLUSIONS 

1. Cadmium concent ra t ions   were  a1 1 we1 1 above  background i n   s u b - t i   d a l  

sediments o f f  Roberts Bank,  and some were a t   l e v e l s  known t o  cause  acute, 

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

2. M e r c u r y   c o n c e n t r a t i o n s   a t  some s u b t i d a l   s t a t i o n s   o f f   R o b e r t s  Bank were 

above  background 1 eve1 s, b u t   l e s s   t h a n   t h e   l e v e l s  shown t o   c o n s i s t e n t l y  

cause   acu te ,   adve rse   b io log i ca l   e f fec ts .  

3. Copper  and l e a d   i n   s u b t i d a l   s e d i m e n t s   o f f   S t u r g e o n  Bank were  above  the 

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

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

4. I n t e r t i d a l   s e d i m e n t s   n e a r   t h e   I o n a  sewage t r e a t m e n t   p l a n t   o u t f a l l   h a d  

c o n c e n t r a t i o n s   o f  cadmium, copper,   lead  and  mercury much h igher   than 

i n t e r t i d a l   s e d i m e n t s  more d i s t a n t   f r o m   t h e   o u t f a l l .  Cadmium and  copper 

were  above  the  lower 1 imit o f   t h e   r a n g e   o f   c o n c e n t r a t i o n s  known t o   i m p a c t  

mar ine ,   benth ic  communi t i e s  and a1 1 f o u r   m e t a l s  were ve ry   nea r   t he   l eve l  s 
shown t o   c o n s i s t e n t l y   c a u s e   a d v e r s e ,   a c u t e   b i o l o g i c a l   e f f e c t s .  

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

w e r e   n o t e d ,   w i t h   s p r i n g   ( p r e - f r e s h e t )   l e v e l s   b e i n g   s l i g h t l y   h i g h e r .  

6. I n t e r t i d a l   s t a t i o n s   g e n e r a l l y   h a d   c o a r s e r   s e d i m e n t s   w i t h   l e s s   o r g a n i c  

c a r b o n   c o n t e n t   t h a n   s u b t i d a l   s t a t i o n s ,   e x c e p t   t h a t   s t a t i o n s   n e a r   t h e   I o n a  
sewage t rea tment   p lan t   had  very   h igh   o rgan ic   carbon  conten t .   T race  

meta ls  i n   i n t e r t i d a l  sediments  were s t a t i s t i c a l l y   c o r r e l a t e d   w i t h   o r g a n i c  

carbon  content .  
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P o l y c h l o r i n a t e d   b i p h e n y l s  ( P C B ' s )  and ch lo r i na ted   pheno ls   (PCP 's )  were 
be low  de tec t ion  1 i m i t s  i n   i n t e r t i d a l   s t a t i o n s .   P o l y n u c l e a r   a r o m a t i c  
hydrocarbons ( P A H ' s )  d e t e c t e d   i n   i n t e r d t i d a l  and subt ida l   sediments  near  

t h e   I o n a   o u t f a l l  were  be low  the  leve ls  shown to   cons i s ten t l y   cause   acu te ,  

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

a reas   o f   S turgeon and  Roberts  Banks. 

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

was f r e q u e n t l y  above t h e   C a n a d i a n   g u i d e l i n e s   f o r   f i s h   p r o t e i n ,   b u t   w i t h i n  

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

L im i ted   da ta   sugges t   up take   o f  cadmium b y   i n d i v i d u a l   f i s h  and  shrimp i n  

deep water o f f  Roberts Bank, where  sediment cadmium l e v e l s  were u n u s u a l l y  
high. The h i g h   t i s s u e   l e v e l s   o b s e r v e d  were no t   g rea te r   t han   t he   sed imen t  

concent ra t ions ,  however, i n d i c a t i n g  a l a c k   o f   b i o c o n c e n t r a t i o n .  

E leva ted   (above  background)   leve ls   o f   copper   occur red   in  a v a r i e t y   o f  

f i s h   f r o m  deep  water o f f   b o t h   S t u r g e o n  and  Roberts Bank. 

Mercury i n   f i s h  muscle  from  deep  waters  of  Roberts Bank was w i t h i n   t h e  

upper l i m i t s  o f  background  leve ls ,   and  be low  the  Canadian  gu ide1  ines  for  

mercury i n   f i s h .  Samples  from deep wa te r   o f f   S tu rgeon  Banks  were n o t  

analysed  for   mercury.  

I n   e d i b l e   m u s c l e   o f  prawns,  Dungeness crab  and  pink  shrimp  from  deep 

wa te r   o f f   S tu rgeon  Bank, l e a d   c o n c e n t r a t i o n s   o c c a s s i o n a l l y  exceeded 

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

Long  term  t rend  data  suggest a s l i g h t   d e c r e a s e   i n   t r a c e   m e t a l s   i n  

i n t e r t i d a l  c lams  f rom  s tat ions  near   the  Iona sewage t r e a t m e n t   p l a n t  

o u t f a l l ,  however, r e s u l t s   a r e   s t a t i s t i c a l l y   i n c o n c l u s i v e .  

I n   e d i b l e  mussels, mean l e v e l s   o f   a r s e n i c ,  cadmium, copper,  chromium  and 

mercury  were a l l   l e s s   t h a n   b a c k g r o u n d   l e v e l s .   V a l u e s   f o r   l e a d ,  however, 

exceeded   Canad ian   Gu ide l i nes   f o r   l ead   i n   f i sh   p ro te in .  

P 
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Sample Locations,  Fraser  River  Estuary 
1984-1986 

20 SEPT 84 
Stn.  LOCATIONS 
No. Lat. ( N )  Long. ( A )  

1 49  03.70 123  23.60 
2  49 00.50 123  21.70 
3  49 00.50 123  14.80 
4 48 56.60 123  21.70 
5 48  56.60 123  14.50 
6 48  52.00 123  07.75 
7 48  58.20 123  09.00 

Trawl -1  48  53.22  123  10.90 
48  53.10  123  10.20 

ROBERTS BANK 

13-14 N O V  84 
Stn. LOCATIONS 
NO. Lat. ( N )  Long. ( W )  

I O N A  
Trawl -1  49  13.11  123  18.13 

49  11.63  123  18.20 

7-8 May 85 
Stn. LOCAT I ON S 

No. Lat. ( N )  Long. ( W )  

20 
23 
28 
1-1 
1-2 

MA-2 
NA-2 
NA-3 
RB- 1 
RB-2 
RB-3 
SB-1  
SB-2 
SB-3 
SB-4 

49  11.75 
49  11.10 
49  07.40 
49  13.35 
49 13.70 
49 05.55 
49  15.20 
49  14.90 
49  06.50 
49  01.60 
49  03.50 
49  12.15 
49  09.20 
49  11.70 
49 09.60 

123  14.85 
123  13.35 
123  16.60 
123  14.60 
123  12.50 
123  08.15 
123  15.25 
123  16.10 
123  13.90 
123  06.90 
123  15.60 
123  13.60 
123  13.70 
123  16.50 
1 2 3  16.30 



m 

m Appendix I (Continued) 

II 

1 

P 

rl 

a 

rl 

a 

I 

3 

m 

m 

I 

Y 

I 

4 

m 

- 51 - 

27 Nov 85 
S t n .  LOCAT I ON S 

No. Lat. ( N )  Long. ( W )  

I O N A  
I-2( I )  
Trawl-1  49  13.02 

49 12.59 
I - 2 ( I I )  
Trawl-2  49  12.83 

49 12.44 

-5 1 

CANOE PASS 
I - 7 ( 1 )  
Trawl-1 49 02.54 

49 02.21 
1-7(11)  
Trawl-2 49 02.65 

49  02.21 

1-1 

1-2  49  13.20 

1-3  49  11.50 

1-4 

1-5 49  06.70 

1-7 49  02.40 

123  20.67 

123 21.04 

123  20.85 
123  21.21 

123  12.69 
123  16.90 

123 17.81 
123  16.90 

123  20.75 

123  18.20 

123  23.40 

123  17.20 
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Appendix I (Continued) 

9 Jan 86 

Stn. LOCATIONS 

No. L a t .  ( N )  Long. ( W )  

23 49 11.10 123  13.35 

1-1 43  13.35 123  14.60 

MA-2 49 05.55 123  08.15 

RB-1  49 06.50 123  13.90 

RB-2 49  01.60 123  06.90 

RB-3 49 03.50 123  15.60 

S B - 1  49  12.15 123  13.60 
SB-2 49  09.20 123  13.70 

SB-3 49  11.70 123  16.50 

SB-4 49  09.60 123  16.30 

c 
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APPENDIX 6 Par t ic le   Size And Volati le Residue I n  Sediment Cores A t  

I 

1 

Iona, November, 1985 

STN C O R E  
NUMBER DEPTH MEDIAN PARTICLE S i l t  & Clay Volatile Residue 

(cm) SIZE % % 
""" """"_ "-"""""" ""-""" """""""" 

1-2 0-10 s i l t  & clay 53.6 5.79 
10-20 v. f ine  sand 38.2 5.61 
20-30 s i l t  & clay 53.5 5.25 
70-80 s i l t  & clay 53.5 4.89 
150-160 s i l t  & clay 66.6 3.96 

1-1 0-10 v. f ine  sand 41.3 4.86 
10-20 s i l t  & clay 53.6 4.47 
20-30 s i l t  & clay 65.1  4.06 
70-80 s i l t  & clay 66.4  4.01 
150-160 s i l t  & clay 68.5 3.23 

1-3 0-10 s i l t  & clay 66.9  4.39 
10-20 s i l t  & clay 67.1  3.87 
20-30 s i l t  & clay 53.5 3.46 
70-80 s i l t  & clay 73 3.28 
120-130 s i l t  & c lay  77.2 3.01 

1-4  0-10 s i l t  & clay 61.6  4.61 
10-20 s i l t  & clay 57.5 4.15 
20-30 s i l t  & clay 63.7  4.21 
70-80 v. f ine  sand 42.5  3.81 
90-100 si1 t & clay 59.9  3.61 

1-5 0-10 s i l t  & clay 43.9 5.23 
10-20 v .  f ine sand 41.3 5.26 
20-30 s i l t  & clay 55.3 4.85 
70-80 s i l t  & clay 50.1 4.70 
120-130 s i l t  & clay 49.5 4.65 

1-7 grab  f ine  sand 1.8 1.27 
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S t a t i o n  Oi 1 

GS- 1 

GS-  1 

GS- 7 

GS-7 

GS-6 
GS-6 

GS-3 

GS-3 

GS-2 

GS-2 

GS-4 

GS-4 

GS-5 

GS-5 

& Grease 

128 

2345 

170 

140 

102 
209 

7 7  

160 

298 

276 

86 

602 

110 
160 
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Subt idal   Sediment Oil and  Grease, P a r t i c l e   S i z e  and 

V o l a t i l e   R e s i d u e ,   o f f   R o b e r t s  Bank, September,  1984 

Median Silt & Clay 

P a r t i c l e   S i z e  

v. f i n e  sand 

v. f i n e  sand 

v. f i n e  sand 

v. f i n e  sand 

v. f i n e  sand 
f i n e  sand 

f i n e  sand 

f i n e  sand 

f i n e  sand 

f i n e  sand 

v. f i n e  sand 
v. f i n e  sand 

v. f i n e  sand 

v.  f i n e  sand 

% 

31.70 

32.30 

20.90 

20.60 

10.00 
11.40 

7.20 

.90 

35.40 

32 

36.50 

29.90 

29.20 

24.80 

Vol a t i  1  e 

Residue % 

4.19 

4.16 

2.85 

2.94 

2.08 
2.47 

2.21 

.95 

4.06 

4.92 

4.18 
4.45 

3.24 

3.07 
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Appendix 8 I n t e r t i d a l  Sediment Oil And Grease, P a r t i c l e   S i z e  And V o l a t i l e  
Residue,  Iona,  Middle A r m  and Roberts Bank, May, 1985 

STAT I ON 
# 

1-3 

1-1 

5" 

7 *  
9" 

10* 

16* 

12* 

14" 

SB-1  

20 
SB-3 

23 

SB-4 

SB-2 

28 

MA- 2 

R B - 1  

RB-3 

RB-2 

OIL ?I MEDIAN PARTICLE 

GREASE S I Z E  

NORTH IONA 

< 100 medium sand 

< 100 f i n e  sand 

< 100 f i n e  sand 

200 f i n e  sand 

< 100 medium sand 

SOUTH I O N A  

9000 medium sand 

12100 medium sand 

1000 f i n e  sand 

< 100 f i n e  sand 

500 v .  f i n e  sand 

< 100 f i n e  sand 
< 100 medium sand 

< 100 v .  f i n e  sand 

< 100 f i n e  sand 

100 f i n e  sand 

< 100 medium  sand 

MIDDLE ARM 

< 100 f i n e  sand 

ROBERTS BANK 

< 100 f i n e  sand 

< 100 f i n e  sand 

200 v .  f i n e  sand 

SILT VOLATILE 

?I CLAY R E S I D U E  

% x 

0.6 0.60 

0.3 1.38 

2.8 0.80 

7.2 3 .OO 

0.4 0.60 

17.2 

20.2 

10.5 

2.4 

18.7 

0.7 
0.0 

25.9 

0.1 

1.4 

0.0 

8.90 

14.60 

1.79 

0.80 

3.21 

0.80 
0.60 
2.20 

0.59 

0.40 

0.40 

32.8 2.60 

0.3 0.79 

0.3 0.40 

15.8 1.60 
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Appendix 9 I n t e r t i d a l  Sediment P a r t i c l e   S i z e  And V o l a t i l e   R e s i d u e  A t  Iona,  
Sturgeon  Bank,  Middle A r m  and  Roberts Bank, January  9,  1986. 

Area S t a t i o n   M e d i a n   P a r t i c l e  Silt & C l a y   V o l a t i l e   R e s i d u e  
S i z e  % % 

""" """ """"""- """""_ -"""""""" 
23 s i l t  & c l a y  39.7 2.20 

Iona 1-1 f i n e  sand 0.5 0.94 

M i d d l e  A r m  MA- 2 s i l t  & c l a y  50.4 2.34 

Roberts Bank RB-1  v. f i n e  sand 1.5 

Roberts Bank RB-2 v .  f i n e  sand  4.1 

Rober ts  Bank RB-3 f i n e  sand 0.2 

Sturgeon Bank SB-1  v. f i n e  sand 35.3 

Sturgeon Bank SB-2 f i n e  sand 0.7 

Sturgeon Bank SB-3 f i n e  sand 0.2 

Sturgeon Bank SB-4 f i n e  sand 0.1 

1.05 

1.31 

0.87 

3.32 

0.95 

0.80 
0.76 



- 61 - 

Appendix 10 Polynuclear Aromatic Hydrocarbons (ug/g) In Intertidal 
Sediments On Sturgeon And Roberts Banks, January, 1986 

COMPOUNDS SB-3 1-1 SB-4 RB-2  RB-3  MA-2  23  23 
(Split) 

Acenaphthene 
Acenaphthylene 
Anthracene 

Benzidine 
Benzo (a) anthracene 
Benzo (a) pyrene 

Benzo (b) fl uoranthene 
Benzo (ghi) perylene 
Benzo (k 1. fl uoranthene 

Chrysene 
Dibenzo (a,h) anthracene 
F1 uoranthene 

F1 uorene 
I ndeno ( 1,2,3-cd pyrene 
Naphthalene 

Phenanthrene 
Pyrene 
1,2-Dichlorobenzene 

1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Chloronaphthalene 

(0. 1 
(0. 18 
(0. 1 

(2.2 
(0. 10 
(0. 13 

(0. 24 
(0.21 
(0. 13 

(0. 13 
(0. 13 
(0. 11 

(0. 1 
(0. 19 
(0. 08 

(0.27 
(0.1 
(0. 1 

(0.1 
(0. 22 
(0.1 

Surrogate Standard: g Recovery 

(0.1 (0.1 
(0.18 (0.18 
<0.1 (0 .1  

C2.2 (2.2 
(0.10 (0.10 
(0. 13 C0.13 

(0.24 (0.24 
(0. 21 (0. 21 
(0. 13 (0.13 

(0.13 (0.13 
(0.13 (0. 13 
(0.11 (0.11 

(0.1 (0.1 
(0.19 (0.19 
(0.08 (0.08 

(0.27 (0.27 
(0.1 (0.1 
(0.1 (0.1 

(0.1 (0.1 
(0.22 (0.22 
c o . 1  (0.1 

d5-Nitrobenzene 
Decaf1 uorobiphenyl 
d14-Terphenyl 

94  120 120 
72 67 68 
70 80 85 

Amt spiked (ug)  100  100  100 

(0.1 (0.1 (0.1 
(0.18 (0.18 (0.18 
(0.1 (0.1 (0.1 

(2.2 (2.2 (2.2 
(0.10 (0.10 (0.10 
(0.13 (0.13 (0.13 

(0.24 (0.24 (0.24 
(0.21 (0.21 (0.21 
(0.13 (0.13 (0.13 

(0.13  (0.13  (0.13 
(0.13 (0.13 (0.13 
(0.11 (0.11 (0.11 

(0.1 (0.1 (0.1 
(0.19 <0.19 (0.19 
(0.08 (0.08 (0.08 

(0.27 (0.27 (0.27 
(0.1 (0.1 (0.1 
(0.1 (0.1 (0.1 

(0.1 (0.1 (0.1 
(0.22 <0.22 (0.22 

(0. 1 
(0. 18 
(0. 1 

(2.2 
(0. 10 
<O. 13 

(0. 24 
(0.21 
(0. 13 

<O. 13 
(0.13 
(0. 11 

(0. 1 
(0. 19 
(0. 08 

(0.27 
(0. 1 
(0. 1 

(0. 1 
(0. 22 

<o. 1 
<o. 18 
<o. 1 

(2.2 
<o. 10 
(0. 13 

(0. 24 
(0. 21 
<O. 13 

(0. 13 
(0. 13 
(0. 11 

(0. 1 
(0. 19 
(0.08 

(0.27 
(0.1 
(0.1 

(0.1 
<o. 22 

(0.1 (0.1 (0.1 

110 102 104 
66 70 70 
93 82 75 

100  100  100 

(0. 1 

90 
66 
70 

100 

(0.1 

98 
67 
71 

100 
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