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ABSTRACT* 

Dur ing   t he   pe r iod  1975-76,  Environment Canada under took   an   inves t iga t ive  

program t o  assess   t he   e f fec ts   o f   t he  ocean d i   sposa l   o f  a v a r i e t y   o f  

wastes  upon  the  receiving  environment a t  a designated ocean  dumpsite 

l o c a t e d   i n  250 metres  o f   water ,  4 m i les   wes t   o f   t he  City o f  Vancouver, 

B r i t i s h  Columbia. The wastes  disposed  were  dominated  by  native  uncon- 

taminated and p o l l u t e d  dredged  spo i l s ,   bu t   a lso   inc luded  cons t ruc t ion  

rubb le ,   excava t ion   ma te r ia l ,  and fo res t   i ndus t r y   res idue .  Now under 

government c o n t r o l ,   t h e   s i t e   c o n t i n u e s  t o  be used f o r   t h e   d i s p o s a l   o f  

these  mater i  a1 s from t r a i l   i n g   s u c t i o n  hoppers,  bottom  unloading  barges, 

and scows equipped  wi th   c lamshel l  s ,  b u l l  dozers,   and/or  f ront-end 

1 oaders. 

The program i n v e s t i g a t e d  many components o f  the  receiv ing  env i ronment ,  

i n c l u d i n g   t h e   w a t e r  column, the  water-sediment   in ter face,  and the   sed i -  

ments,  as we7 1 as examining  organisms  inhabi   t ing  these zones.  Water- 

b o t t l e   c a s t s ,   b e n t h i c   g r a b  and core  sampl i n g  beam t raw l  s ,  and manned 

submersible  v isual  and photographic  procedures  were among the  assessment 

techniques employed. 

General p r e l i m i n a r y   c o n c l u s i o n s   a r e   t h a t   t h e   s i t e  appears t o  be su i   t ab le  

f o r   t h e  ocean disposal  o f  the  wastes i n  question, and t h a t   t h e   d e l e t e r -  
ious  impacts  upon  the  resident  b io logical   communit ies  are  minimal.  How- 

ever ,   ca re fu l   con t i nued   su rve i l   l ance  and m o n i t o r i n g   o f   t h i s   a r e a   a r e  

r e q u i r e d   i n   o r d e r  t o  ensu re   t ha t  dumping i s   c a r r i e d   o u t  where  designa- 

ted,   s ince a v a l u a b l e   t r a w l   f i s h e r y   e x i s t s   i n   t h e   w a t e r s  between  the 

dumpsi t e  and  the City o f  Vancouver. It i s  a1 so necessary  to   ensure  that  

l e v e l  s of   chemical   contaminat ion  o f   the  sediments and res ident   o rgan i  sms 

remain a t   o r  be low  cu r ren t   l eve l s .  

I n fo rma t ion  gaps i d e n t i f i e d  by t h i s   p r e l i m i n a r y   s t u d y  were  examined wi th  

a v iew  toward   ex tend ing   the   p rogram  to   inc lude  ana lys is   o f   concerns  such 

as poss ib le   l ong - te rm  ( ch ron ic )   e f fec ts  upon the  receiv ing  env i ronment .  

Studies o f  t h i s   na tu re   a re   p resen t l y   be ing   under taken .  

* Presented at   the  7 th  Wor ld   Dredging  Conference,  

San F ranc isco ,   Ca l i f o rn ia ,  July, 1976. 
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AU c o u r s  de 1975-1976,  Envirormcmcnt  Canada a e r l t r e p r i s  

des   r cchc rches   pour   dGte rminc r  les e f f e t s ,   s u r  l e  m j . l i c u   d ' a c c u e i l ,  

d e   l ' i m m e r s i o n   o c 6 a n i y u e   d e   d e c h c t s   d a n s  un l i e u   d e   d 6 c h a r g e  3 250 m 

de p ro fondcur  c t  2 4 milles 2 l ' o u e s t   d e  l a  v i l l e   d e   V a n c o u v e r  

( C o l o m b i e - B r i t a n n i q u e ) .   L e s   d s c h c t s   d f v e r s e s   B t a i c n t   s u r t o u t   d ' o r i -  

g i n e   v G g e t a l e ,   n o n   a l t & r 6 s ,  s o i t  p o l l u E s ,  s o i t  non  contamines;  

t o u t e f o i s ,  i l s  c o n t p a i e n t   a u s s i  des d 6 b r i s  de c o n s t r u c t i o n ,  des 

d&blais  e t  des r E s i d u s  de l ' i n d u s t r i e   f o r e s t i s r e .  A l ' h c u r e   a c t u e l l e ,  

sous c o n t r b l e   g o u v e r n e m e n t a l ,   o n   c o n t i n u e  2 u t i l i s e r  cet tx  dccha rge  

pour  immerger les d e t r i t u s   e n t a s s f s   d a n s   d e s   t r g m i e s   a s p i r a n t e s  

remorquees o u   e n c o r e   s u r  des c h a l a n d s  B f o n d   m o b i l e   o u   t r a n s p o r t a n t  

des b e n n e s   p r e n e u s e s ,  des b u l l o d o z e r s   o u   d c s   t r a c t e u r s  3 bennes  

f r o n t a l c s .  

, C e  programme a pe rmis   d ' examine r  de nombreux  Qlgments d.u 

m i l i e u   d ' a c c u e i l :   e n t r e   a u t r e s ,  la masse d ' e a u   v e r t i c a l e ,  l a  s u r f a c e  

de c o n t a c t   e n t r e   l ' e a u  e t  les  sEd imen t s ,  les s6d imen t s  eux-msmes a i n s i  

que les o r g a n i s m e s   v i v a n t   d a n s  ces h a b i t a t s .   P a r m i  les m6thodes 

d ' g v a l u a t i o n   u t i l i s & s ,  il c o n v i e n t  de men t ionne r  les pr6 lZvements  

d ' e a u ,  les g c h a n t i l l o n n a g e s   d ' Q 1 6 m e n t s  bcnthiqucs et l e  carottage, 

les c h a l u t s   l a t g r a u x  e t  les m g t h o d e s   d ' o b s e r v a t i o n  et de p h o t o g r a p h i e  

sous-mar ines  directes. 
a 

Les c o n c l u s i o n s   p r o v i s o i r e s   i n d i q u e n t   q u e  l a  zone semble 

c o n v e n i r  3 l a  d e c h a r g e   o c h n i q u e   d e s   d d c h e t s   c o n s i d 6 r 6 . s  e t  que  l e s  

comrnunaut6s b i o l o g i q u c s   n ' e n   s u b i s s e n t   q u e  des inconvfn ien t s   min imes .  

Cependant ,  il f a u t   c o n t i n u e r   d ' c x e r c e r ,   d a n s  l a  r G g i o n ,   u n c   s u r v e i l -  

l a n c e  e t  un c o n t r B l c   a t t e n t i f s   p o u r   s ' a s s u r e r   q u e  l e  d f v e r s c l w n t  s c  

f a i t  exac temcn t  B l ' e n d r o i t   p r 6 v u .  I1 se p r a t i q u e ,   e n   e f f e t : ,  un 



c h a l u t a g e  de g r a n d c   v a l e u r  dans  les c a u x   s ' 6 t e n d . u ~ t  rntrc l.a d6cha rgc  

e t  l a  v i l l c  dc Vancouver.  11 f a u t   a u s s i   s ' a s s u r c r  q u e  IC t a u x  de 

con tamina t ion   ch imiyuc  des s6d imcn t s  e t  des o r g a n i s r n c s   q u i   v i v c n t  

d a n s  cc m i l i e u   n e  s'61Pve pas a u - d c s s u s   d u   n i v c a u   a c t u c l .  

Des l a c u n e s   d a n s  l e s  donngcs ,  rCvClG-cs p a r  cc t te  Etude  

p r c l i m i n a i r e ,   o n t   f a i t  l ' ob j c t  d 'un   examcn  dans  l e  b u t   d ' 6 t e n d r c  le  

procjrarmc 2 des c o n s i d e r a t i o n s  t e l les  q u e  l cs  i n c i d e n c e s   d u r a b l e s  

( o u   c h r o n i q u e s )   p o s s i b l e s  de l a  d e c h a r c j e   s u r  l e  m i l i e u   d ' a c c u e i l .  

On e s t  e n   t r a i n   d ' a m o r c e r  des E tudes  de cc t  ordre.  
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1 INTRODUCTION 

On December  13,  1975, Canada promulgated  the Ocean Dumping 

C o n t r o l   A c t ,   t h e r e b y   c o m m i t t i n g   i t s e l f   f u r t h e r  to the   I n te rna t i ona l  

London  Convention  signed  by 80 c o u n t r i e s   i n  1972. Environment Canada 

was assigned  the  mandate t o  admin is te r   the   p rov is ions   o f   the   Ac t ,  

inc lud ing   the   es tab l i shment   o f  a pe rm i t  system to   regu la te   t he   l oad ing  

( f o r   t h e  purposes  of  dumping) and the  disposal   of   wastes a t  sea. The 

l e g i s l a t i o n   a p p l i e s  to the ocean d isposa l   o f   most   t ypes   o f   mater ia ls  

from s h i p s ,   a i r c r a f t ,  and p l a t f o r m s   o p e r a t i n g   i n  Canadian t e r r i t o r i a l   o r  

i n te rna l   wa te rs  , and a1 1  Canadi  an vessel s anywhere i n   t h e   w o r l d .  The 

only   except ions  are  d i   sposal   that  i s   i n c i d e n t a l  t o  o r   d e r i v e d  fran the  

normal ope ra t i ons   o f  a s h i p   o r  an a i r c r a f t ,  and,  any d i scha rges   t ha t   a re  

i n c i d e n t a l  t o  o r   d e r i v e d  from t h e   e x p l o i t a t i o n   o f  , and associ  ated 

o f f -shore   p rocess ing   o f  sea  bed mineral  resources. 

I n   a n t i c i p a t i o n   o f   t h e   f o r t h c o m i n g   A c t ,   t h e  need t o  assess  the 

e f f e c t s   o f  dumping,  and the  necess i ty  t o  designate dump s i tes ,   t he  

Environmental   Protect ion  Service o f  Environment Canada undertook a f i e l d  

program a t  one o f   t h e   l a r g e s t   a c t i v e   s i t e s   c u r r e n t l y   i n  use i n   B r i t i s h  

Co lumbia .   Th is   par t i cu la r   loca t ion ,   Po in t  Grey ( F i g u r e  11, had been 

i d e n t i f i e d  as  a dump s i t e  by t h e   M i n i s t r y   o f   T r a n s p o r t ,   i n   c o n s u l t a t i o n  
wi th   resource  agencies,  i n  1970. It was se lected on the   bas is   o f   mar ine  

navigat ion  requirements,  deep water, and p rox im i t y   t o   t he   l ower  

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

l o c a t i o n  had  been  undertaken. 

I n  the pas t ,   t he   Po in t  Grey area  had  been  used  mainly  for   the 

disposal   of   dredged  mater ia l  from the  lower   F raser   R iver  and  Vancouver 

harbour. The incomplete  records show that ,   s ince  the  1930 's ,  i n  excess 

o f   t h r e e   m i l l i o n   c u b i c   y a r d s  (2.3 mil l i o n   c u b i c   m e t r e s )   o f   s i l t ,  sand, 

gravel , cons t ruc t i on   rubb le ,  and wood debr i s  have  been d e p o s i t e d   a t   o r  

c lose  to t h e   s i t e .  The c u r r e n t  annual r a t e   o f   d e p o s i t i o n   i s   e s t i m a t e d  

a t  500,000 cubic   yards (383 thousand  cubic  metres). 
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The o b j e c t i v e s  o f  the  prel iminary  study  program were to assess 

the  physical  , chemical , and b i o l o g i c a l   c h a r a c t e r i s t i c s  o f  t h e   r e c e i v i n g  

environment as a consequence o f  p a s t  and cont inuing  d isposal  of  s o l i d  

wastes . 
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2 METHODS AND MATERIALS 

2.1 Desc r ip t i on   o f   t he   S tudy  Area 

The designated dump s i t e   i s   d e l   i n e a t e d  by a c i r c u l a r  boundary 

w i t h  a 1-mile  (1.6 km) r a d i u s ,   c e n t r e d   a t  4g015.45'N, 123O22.1O'W i n  the 

S t r a i t   o f  Georgia,  roughly 4 mi les  (6.4 km) wes t   o f   Po in t  Grey, B r i t i s h  

Columbia  (Figure 1). Water  depths a t   t h i s   s i t e   v a r y  from 210 t o  275 

me t res ,   w i th  an average  of  approximately  250 m. The study  area  extended 

2 m i l e s  (3 .2  km) beyond  the dump s i t e  boundary,  having a r a d i u s   o f  3 

mi les  (4.8 km) and encompassing  approximately 28 square  mi les  (73 km 

squared). 

The physical  oceanography o f   t h i s   r e g i o n   o f   t h e   S t r a i t  of 

Georgia i s   g r e a t l y   i n f l u e n c e d  by the   f reshwa te r   i npu t  from the  Fraser  

River .  Winds, t i d a l   a c t i o n ,  and cu r ren ts  impose secondary  e f fects .  

The deep-water  sediments o f   t h e   l o w e r   s t r a i t ,   i n c l u d i n g   t h e  

s tudy   a rea ,   a re   typ ica l  l y  s i  1 t s  and clays  (Pharo,  1972) , becoming  more 

coa rse   w i th   i nc reas ing   p rox im i t y   t o   t he   f o res lope   o f   t he   F rase r   de l   t a  

and the  mainland. A1 though   the   de l ta   f ron t   a t   t he   ma in  arm o f   t h e  

F r a s e r   R i v e r   i s   a d v a n c i n g   a t  a ra te   o f   app rox ima te l y  3.5 m/yr l a t e r a l l y ,  
and 30.5 cm/yr v e r t i c a l l y ,   t h e r e  has been no ev idence   o f   de l ta  advance- 

ment in   the   s tudy   a rea   s ince  1968 (Luternaur,  personal  communication). 

It i s ,   t h e r e f o r e  , assumed t h a t   t h e   r a t e   o f   n a t u r a l   s e d i m e n t   a c c r e t i o n   a t  

the dump s i t e  i s  very  1 ow. 

The p r i n c i p a l   f i s h   r e s o u r c e s   o f   t h e   a r e a   a r e   t h e  5 spec ies   o f  

salmon, s tee lhead  t rou t ,   eu lachon and smelt ,   which  migrate  through  the 

s t r a i t   i n t o   t h e   F r a s e r   R i v e r  system,  and he r r i ng .  The 30 t o  100 m con- 

tou rs   a long   t he   wes te rn   f ron t   o f   Po in t  Grey  and Sturgeon Banks prov ide  a 

h a b i t a t   f o r   s u b s t a n t i a l   p o p u l a t i o n s   o f  6 species  of  shrimp,  which  are 

commerci a1 l y  harvested wi t h  smal 1-meshed t raw l  s. 
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2.2 Research  Vessels 

The 1975-76 f i e l d  program was c a r r i e d   o u t   i n   t h r e e   d i s t i n c t  

phases as a r e s u l t   o f   a v a i l a b l e   s h i p - t i m e  and study  requirements. The 

vessels  used and the  tasks  canpleted  during  each  phase  were as fo l l ows :  

Phase 1: "B.C. Trapper" 

Nay 1-7, 1975 - physical  oceanographic  sampling 

May 22 - June 9, 1975 - q u a n t i t a t i v e   b e n t h i c   b i o t a  and 

sediment  chemistry  grab  sampling 

Phase 2: "C.F.A.V. Laymore" 

June  14-15,  1975 - Qua l i t a t i ve   macroben th i c  and  sediment 

chemi s t r y   c o r e  sampl i ng 

Phase 3:  "Pandora I 1  and Pisces IV" 

January 22-24, 1976 - submersible  observat ions and 

photography 

2.3 Physical  Oceanography 

Water  column  sampling was c a r r i e d   o u t   d u r i n g   s l a c k   t i d e   o v e r  

two days a t   n i n e   s t a t i o n s  as i d e n t i f i e d   i n   F i g u r e  2. Samples were 

co l lected  a t   s tandard  oceanographic   depths  (sur face,  2, 5, 10, 25, 50, 

100, 200, 250 m, o r  bo t tom)   w i th  a se r ies   o f   n ine  Nansen b o t t l e s ,  

equipped w i t h   p r o t e c t e d   r e v e r s i n g  and standard  centigrade  thermometers. 

Immediately upon comple t ion   o f  each cast,  temperatures  were 

read and recorded,  being  corrected  for   thermal  expansion  of   mercury 

l a t e r .  Sub-samples f o r   d i s s o l v e d  oxygen  analyses  were  f ie ld- f ixed and 

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

method  (Davidson " e t  a1 , 1974).  Dissolved  oxygen  values i n  mg/l  were 

conver ted   t o   pe rcen t   sa tu ra t i on   us ing   t he   equa t ion   o f  Gameson and 
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Robertson (1955) .  S a l i n i t y  and suspended s o l   i d s   ( o r   n o n - f i l   t e r a b l e  

residue, i .e., NFR) sub-samples  were a l s o   o b t a i n e d .   S a l i n i t i e s  were 

measured wi t h  a re f rac tometer ,  whi 1 e NFR Val  ues  were determined  by 

w e i g h i n g   t h e   d r i e d   r e s i d u e   ( d r i e d   a t  103°C f o r  one hour)   remaining on 

0.45 mic ron  f i  1 t e r s .  

2.4 Sediment  Grab Sampl i n g  

A 0.17 metre  squared  Petersen  grab  sample of   bot tom  sediment 

was o b t a i n e d   a t  each o f   t h e  f i f t y  s t a t i o n s   i l l u s t r a t e d   i n   F i g u r e  3. Each 

sample was immediately  placed i n  a po lyprop ly lene  tub ,  hand  mixed, t he  

t o t a l   v o l  ume determined, and  sub-samples  removed f o r   b i o l o g i c a l  and 

chemical  examination. 

One s ix-1 i t r e  a1 i q u o t   o f  mud from e v e r y   s t a t i o n  was sieved  by 

washing wi th   seawater   through a 0.5 mm screen,   the  re ta ined  mater ia l  

being  preserved i n  70% i sop ropy l  a1 coho1 . 
I n   t h e   l a b o r a t o r y ,   s i e v i n g  was repeated. The remaining 

res idue was s o r t e d ,   i d e n t i f i e d ,  and q u a n t i t a t i v e l y  enumerated w i t h  a 

d issect ing  microscope and b io log ica l   keys .  

Sub-samples f o r  chemical  analyses  were  frozen as soon as pos- 

s i b l e   p r i o r   t o   l a b o r a t o r y  work-up. All sediment  samples t o  be analyzed 

fo r   t race   e lements  were  thawed, a i r - d r i  ed under  cover a t  room  tempera- 

tu re ,   d isaggregated   w i th  a ceramic  mortar and p e s t l e ,  and s ieved  th rough 

an  80-mesh ny lon   s ieve  (2.5 p h i ) .   P o r t i o n s   o f   t h e   l e s s   t h a n  80-mesh 

f r a c t i o n s  were  then  forwarded  to   the  laboratory   o f  D r .  W.K. F l e t c h e r  

(Department o f  Geology , Univers i  ty o f   B r i t i s h  Col umbi  a) , where  they  were 

d i g e s t e d   i n  a 4 : l  n i t r i c -pe rch lo r i c   ac id   m ix tu re ,   evapora ted   t o   d ryness  

over an a i r - b a t h ,   t a k e n   u p   i n  1.5 m HCL, and a n a l y z e d   f o r  cadmium (Cd), 

c o b a l t  (Co) , copper (CUI , i r o n   ( F e )  , lead  (Pb)  , manganese  (Mn) , n i c k e l  

( N i  ) , s i l v e r   ( A g )  , and z inc   (Zn )   w i th  a Perkin-Elmer 303 atomic 

absorption  spectrophotometer.  Background  corrections  were  used i n   t h e  
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de te rm ina t ion   o f  Co, N i  , and Pb. Sub-samples for   mercury  analyses  were 

retained  pending  the  acceptance  of  an improved  analy t ica l  method 

present ly   be ing   eva lua ted  by  the  Environment Canada labo ra to ry .  

Organic  carbon  content was determined  by  thawing  samples a t  

room temperature,   dry ing a t  103"C, g r i n d i n g   w i t h   m o r t a r  and p e s t l e  t o  
pass  through a 0.5 mm screen,   d iges t ing   w i th  a chromic  acid-sulphur ic 

a c i d   m i x t u r e ,   a n d   t i t r a t i n g   w i t h   f e r r o u s   s u l p h a t e  (Holme and McIntyre,  

1971). Sediment s i z e  was determined by wet   s iev ing  through a screen 

s e r i e s   t o  a minimum mesh o f  230 (63  microns) .  The f r a c t i o n   p a s s i n g  

th rough  the   f ina l   sc reen was obta ined by back-ca lcu la t ion .  

2.5 Core Sampl i ng 

Bottom  cores  were  obtained  with a B e n t h o s   g r a v i t y   c o r e r   a t   t h e  

35 s t a t i o n s  shown i n   F i g u r e  3. Upon r e t r i e v a l  , t h e   i n t a c t   c o r e s  were 

ex t ruded   on to   po l ye thy lene   l i ne rs ,   t he   l eng ths  measured,  and 5- 

c e n t i m e t e r   c o r e   s e c t i o n s   c u t   o u t   a t   d e s i r e d   d e p t h   i n t e r v a l s  (0-5 cm, 

50-55 cm, and  bottom 5 cm).  These samples  were  then  pre-treated and 

chemical ly  analyzed as descr ibed  previously  under  the  sediment  grab 

sampl ing  sect ion.  

2.6 Macrobenthic  Survey 

Q u a l i t a t i v e  samples o f   the   macrobenthos   inhab i t ing   the   s tudy  

area  were  obtained w i  t h  a 3-metre beam t rawl   hav ing  mesh s izes  ranging 

from approximately 2 cm a t  the  mouth  to 0.5 cm a t   t h e  cod-end. Numerous 

t raw l  s were  a t tempted,   but   on ly   the  s ix   runs shown i n   F i g u r e  4 c o u l d  be 

considered  successfu l .  A1 1 t raw l  s f ished  approx imate ly  one-ha1 f a 

naut ica l   m i le   o f   bo t tom,   based on est imates  of   downt ime and  a vessel 

speed o f  2 knots .  Upon r e t r i e v a l  , the  samples  were  photographed,  qual i- 

tat ive   observa t ions   recorded,  and rep resen ta t i ve  specimens  preserved i n  

70% i sop ropy l   a l coho l   o r  by f r e e z i n g ,   f o r   s u b s e q u e n t   i d e n t i f i c a t i o n .  
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2.7 Submersible  Observations and Photography 

The "Pisces IV" submersible was obtained t o  provide v i s u a l  and 
photographic observations of the  study area. A t o t a l  of six  transects 
of varying lengths were completed (Figure 4 ) .  The dives were carried 
o u t  during t h a t  time of year w h i c h  best  afforded  clear  visibility. 
Transects were selected  primarily on the basis of da ta  obtained 
previously from the  grab-sampling and beam-trawling phases of the 
program. 

The "Pisces IV" was equipped w i t h  external ly  mounted,  remote- 
controlled video and 70 mm s t i l l  (Hydro Products)  cameras, while inter- 
nal l y  a scientific observer  interpreted and recorded visual  observations 
directly onto the video tape system and took 16 mm cine film w i t h  a 
Bolex camera. Each track was recorded on video tape, while 70 mm colour 
photographs and 16 mm tungsten  colour film were taken of characteristic 
and/or  unique features, i n c l u d i n g  the range of demersal and benthic 
organisms  encountered. 
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3 RESULTS AND DISCUSSION 

Due to   the   ex tens ive   na ture   o f   the   p rogram and the  data base 

generated,  no  attempt will be made to present a1 1 t h e   i n f o r m a t i o n  

obtained a t   t h i s   t i m e .  The comp le te   resu l t s  will be pub l ished i n  a  sub- 

sequent  departmental  report,   which  should be a v a i l a b l e  by  the end o f  

1976. For  the  purposes  of   th is  paper,   the  key  features  are  reviewed. 

3.1 Physical  Oceanography 

F igu re  5 summarizes the  water column  temperature, s a l i n i t y ,  

and oxygen  regimes  obtained a t   t h e   n i n e   s t a t i o n s  sampled du r ing   t he  May 

oceanographic  survey. 

Surface  water  temperatures a t   t h i s   t i m e   r a n g e d  from 10.36 t o  

12.53OC, the  lower  temperatures  having been r e g i s t e r e d   a t   s t a t i o n s  

sampled  as t h e   t i d e  was t u r n i n g   t o   f l o o d   ( s e e   F i g u r e  2, S t a t i o n s  13, 25, 

29, and 41 ). General ly, the   thermoc l ine   occur red  between 5 and  10 

metres. However, a t   S t a t i o n s  25, 29, and 41 a t h i n   l a y e r   o f   c o o l   w a t e r  

was "sandwiched"  between  two warm laye rs .   Th i s  phenomenon was a t t r i -  

bu ted   t o   t he  combined e f f e c t   o f   t h e   F r a s e r   R i v e r   o u t f l o w  and t i d a l  

act ion.  Bel ow the  thermocl ine,   temperatures  gradual ly  decreased. 
Between 25 metres and the  bottom of the  water  column (200-250 m) , 
temperatures  ranged  between 7.00 and 8.00 a t  a1 1 s t a t i o n s ,   w i t h  a mean 

o f  7.57OC. 

Water  column s a l i n i t i e s   r e c o r d e d   a t   S t a t i o n s  9, 11, 15,  27, 

and 31  revealed  the  presence  of  a t h i n   s u r f a c e   l e n s  o f  low-sal i n i  ty 

water  (17.5 - 19.5 %O extending no  deeper  than 2 metres.   This 

observa t ion  i s   c h a r a c t e r i s t i c   o f   t h e   s t u d y   a r e a  and, indeed, much o f   t he  

l ower   S t ra i t   o f   Georg ia ,  and r e s u l t s   p r i m a r i l y  from the  d ischarge  o f  

l e s s  dense f resh   wa te r  from the   F rase r   R ive r  to t h e   s t r a i t .  The 

seaward-moving s u r f a c e   l a y e r   g r a d u a l l y  becomes more s a l i n e  as  a 

consequence o f   m ix ing   a t   t he   sheer   i n te rphase  between f r e s h  and  sea 

water  (Waldichuk, 1957, ( a )  and ( b ) ;  Hoos and Packman, 1974). 
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Bel ow the  top  two  metres , sa l  i n i   t i e s   r a p i d l y   i n c r e a s e d  t o  a 

dep th   o f  10 metres,  where  the mean s a l i n i t y   f o r  a1 1 s t a t i o n s  was  29.080. 

Bel ow t h i s  ha1 o c l   i n e ,   s a l   i n i   t i e s   g r a d u a l  l y  inc reased  w i th   depth  to near 

31 .0 80 a t  250 metres. 

Dissolved  oxygen  concentrat ions  a t   the  sur face  ranged from 9.5 

t o  10.5 mg/l . The lower   sur face Val  ues  were  found a t   s t a t i o n s  sampled 

on t h e   r i s i n g   t i d e ,   t h a t   i s ,   t h o s e   w i t h  more sa l ine  water .  The o x y c l i n e  

general l y  occurred  between  the  surface and 25 metres.  Below t h i s   d e p t h ,  

oxygen  concentrat ions  d iminished more s lowly ,   w i th   bot tom  va lues 

(200-250 m) ranging  between 6 and 7 mg/l.  Dissolved  oxygen,  expressed 

as percent   sa tura t ion ,   ranged from a s u r f a c e   h i g h   o f  114% a t   S t a t i o n  27, 

t o  a bottom  (250 m )  l o w   o f  62% a t   S t a t i o n  31. 

Non-fi 1 t e r a b l e   r e s i d u e   c o n c e n t r a t i o n s   a t  a1 1 s t a t i o n s  and 

depths  were  general l y  l o w  (mean o f  < 6 mg/ l )  , wi th   e leva ted   va lues   res-  

t r i c t e d   t o   t h e   s u r f a c e  (maximum o f  36 mg/l a t   S t a t i o n   9 ) .  These h ighe r  

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

water from the  Fraser   River .  However, as  Waldichuk  (1967)  indicated, 

t h e   t r a n s i t i o n  zone  between  the  f resh,   turb id   water   o f   the  Fraser   River  

and the   sa l   i ne ,   c lea re r   wa te r  o f  t h e   S t r a i t   o f   G e o r g i a   g e n e r a l  l y  occurs 

a t  a s a l i n i t y   o f  15 -80 . Therefore,   one  could assume t h a t   m o s t   o f   t h e  
sed imen t   f rac t i ons   con t r i bu ted  by t h e   r i v e r  had a1 ready  been  precipi  t a -  
t e d ,   w i t h   o n l y   t h e   f i n e s t   c l a y   p a r t i c l e s   r e m a i n i n g   i n   s u s p e n s i o n .  

I n  summary, the  water  qual i ty sampl ing  conf i rmed  that   the 

oceanography o f   the   s tudy   a rea   i s   dominated   by   the   Fraser   R iver   es tuary  

and t h e   i n p u t   o f   f r e s h   w a t e r   g e n e r a l l y   c o n t a i n i n g   s i 1  t and c l a y   p a r t i -  

c l es .  Secondary phys i ca l   f ac to rs ,  such as loca l   w inds,   barometr ic  

p ressure ,   t ides  and c u r r e n t s ,   a f f e c t   t h e  subsequent d i s t r i b u t i o n  and 

d i spe rs ion   o f   t he   i n f l ow ing   f resh   wa te r .  
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W i t h   t h i s   i n f o r m a t i o n   f o r m i n g   p a r t   o f   t h e   p r e l i m i n a r y   d a t a  

base,  Environment Canada c a r r i e d   o u t   d i s p e r s i o n   s t u d i e s  a t  the   Po in t  

Grey s i   te ,   invo lv ing   the   d isposa l   o f   d redged  mater i  a1 from a s u c t i o n  

hopper and c lamshe l l   mater i  a1 discharged from moving  barges.  This 

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

fu ture  date.  

3.2 Sediment  Character ist ics  and Chemi s t r y  

3.2.1 Grab  Samples. The sediment-si  ze  analyses o f  the  50 grab Sam- 

p les   ob ta ined   f rom  the   s tudy   a rea   i nd i ca ted   t ha t  a t  a1 1 s ta t i ons   t he  

prime components o f   t h e  sediment  were  the  si1 t s  and c lays  ( x 63 mic- 

r o n s ) .   I n   f a c t ,   o v e r   t h e  50 s t a t i o n s ,   t h i s  component  accounted f o r  an 

average  o f  93.7% o f   t he   t o ta l   sed imen t .  However, s ince  most   o f   the 

m a t e r i a l  dumped a t ,  and i n  t h e   v i c i n i t y   o f ,   t h e  dump s i t e  was o f  a 

coa rse r   na tu re ,   an   examina t ion   o f   t he   d i s t r i bu t i on   o f   t he   l a rge r   s i ze  

f rac t i ons   p roved  more r e v e a l i n g   ( F i g u r e  6 ) .  The coarser   sur face  sedi -  

ments  were  concentrated  pr imari ly i n  the   no r th   eas t   sec t i on   o f   t he   s tudy  

area.  Undoubtedly,   the  proximity o f  t he   no r th -a rm  ou t f l ow   o f   t he   F rase r  

R i v e r  t o  t h i s   a r e a  and the  shoa 

t o   t h e   e a s t  and nor theast   would 

bottom  sediments i n   t h i s   r e g i o n  
many o f  t h e   l a r g e r  components ( 

o f   g r a n i t e ,   b r i c k ,   c o n c r e t e  and 

, t h e   p h y s i c a l   d e s c r i p t i o n   o f  
1 umps o f  hardpan  clay,  chunks 

g lass ,   rus t i ng   me ta l ,  wood 

picked  up from these   s ta t i ons  

p r o b a b l y   o r i g i n a t e d  from the  d isposa l   o f   mater ia l   by   c lamshe l l   d redg ing  

operat ions.  

i n g   t r e n d  

have some 

However 
nc l   ud i  ng 

pavement , 
debr is ,   e tc .  ) con f i rmed  tha t   the   mater i  a1 

encountered  as  one  proceeded 

impact on t h e   s i  ze o f  the 

The f a c t   t h a t  much o f   t h e   d e b r i s  was found  outside  the  desig- 

nated dump s i t e   s u g g e s t e d   t h a t   t h e   m a t e r i a l s  may have d r i f t e d   o f f - s i t e  

when  dumped, t h a t   t h e   m a t e r i a l s  were  disposed a t   t h i s   s i t e   p r i o r  t o  the 

es tab l   i shment   o f   the  dump s i   t e ,   a n d / o r   t h a t   m a t e r i  a1 s had  been dumped 

t h e r e   s i n c e   t h e   d e s i g n a t i o n   o f   t h e   s i t e .  
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Our i n v e s t i g a t i o n   r e v e a l e d   t h a t  i t  was probably a combination 

o f  a1 1 t h r e e   f a c t o r s .  

The organic   content   o f   the  sediments from a1 1 50 s t a t i o n s  was 

l o w   b u t   t y p i c a l  (C1  ague , 1975) , wi t h  an  average  Val ue o f   o n l y  1.37% and 

a  maximum o f  1.61% a t   S t a t i o n  20. This  suggested  that   the  cont inuous 

d e p o s i t i o n   o f  wood deb'ri s and f i b r o u s   m a t e r i  a1 i n  t h e   v i c i n i t y   o f   t h e  

dump s i t e  was no t   hav ing  a g rea t   impact  upon the   o rgan ic   con ten t   o f   the  

bottom  sediments. 

The trace  element  analyses  of   the  grab samples ( rep resen t ing  

the  top 20 cm of   the  sediment)  showed s u r p r i s i n g l y   f e w   d e f i n i t e   t r e n d s  

o r  areas o f   c o n c e n t r a t i o n .   T h i s  was not   expected,   as  the  leve ls   found i n  

some of  the  dredged  matevi  a1 on  barges, p r i o r  to dumping,  were o f t e n  

qui te   h igh  (Envi ronment  Canada, unpublished  data). 

O f  the  n ine  elements examined, only  copper and z inc  concentra-  

t i o n s  appeared t o  be r e l a t e d   t o   t h e   m a i n  dumping area as i d e n t i f i e d  by 

debr i s   depos i t s .   F igu re  7 i l l u s t r a t e s   t h e   d i s t r i b u t i o n   o f   c o p p e r   i n   t h e  

surface  sediments.  Concentations  ranged from a l o w   o f  37.1 micrograms 

per  gram o f  sample a t   S t a t i o n  3 ( w e s t   o f   t h e   n o r t h - a r m   j e t t y )  t o  a maxi- 

mum o f  69.3 micrograms  per gram o f  sample a t   S t a t i o n  27 (on  the  eastern 
per imeter   o f   the dump s i t e ) ,   w i t h  a  mean o f  45.1 micrograms  per gram o f  
sample.  Most o f   t h e   e l e v a t e d   l e v e l  s were  found i n  the   nor theas t  quad- 

r a t .  A s i m i l a r   d i s t r i b u t i o n  was recorded  fo r   z inc ,   w i th   va lues   rang ing  

from a l o w   o f  87.5 micrograms  per gram o f  sample a t   S t a t i o n  42 (nea res t  

t h e   I o n a   j e t t y )   t o  a h i g h   o f  126.1  micrograms  per gram o f  sample a t  

S t a t i o n  45 (no r theas t ,   ou ts ide  dump s i t e )  , w i t h  a  mean v a l u e   o f  106.5 

micrograms  per gram o f  sample. 

The only   o ther   e lement  t o  show  a d i s t r i b u t i o n   t r e n d  was 

manganese. Concentrat ions  tended t o  i nc rease   w i th   i nc reas ing   d i s tance  

from the  main land.   Th is   might  be t h e   r e s u l t   o f  manganese p r e c i p i t a t i o n  

f rom  the   f resh   water   o f   the   Fraser   R iver .  
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Coba l t ,   i ron ,   lead ,  and n icke l   da ta  showed these  elements to 

be randomly d i s t r i b u t e d   i n   t h e   s u r f a c e   s e d i m e n t s   ( s e e   F i g u r e  8 as  an 

example). S i l v e r  and  cadmium were   be low  the   de tec t ion   leve l   o f  1.0 

micrograms  per gram o f  sample a t  a1 1 s t a t i o n s .  

3.2.2 Core  Samples. Table 1 summari  zes the   t race   e lement   resu l ts  

generated from the 35 g r a v i t y - c o r e  samples co l lec ted .   Desp i te   the   long  

per iod   o f   sed iment   bu i ld -up ,   coba l t ,   i ron ,  and n i cke l   concen t ra t i ons  

appear to have  remained f a i r l y   c o n s t a n t .  The r e s u l t s   f o r   c o p p e r ,   l e a d ,  

and zinc,  however, show a d e f i n i t e   t r e n d ,   w i t h   t h e   h i g h e s t   c o n c e n t r a -  

t i ons   be ing   f ound   a t   t he   su r face ,  and then  gradual l y  decreas ing   w i th  

increas ing  depth.  

E l  d e r f i e l  d and  Hepworth  (1975) r e p o r t   t h a t   o b s e r v a t i o n s   o f  

approximately 10% metal  enrichment a t  the  sediment  surface compared w i t h  

deeper  sect ions  cannot  necessar i ly  be i n t e r p r e t e d  as  evidence f o r   r e c e n t  

an th ropogen ic   (po l l u tan t )   i npu t  and may be a consequence o f  sediment 

diagenesis. Our p re l im ina ry   s ta t i s t i ca l   ana lyses   o f   t he   copper  and z inc  

c o r e   d a t a   s u b s t a n t i a t e   t h e i r   f i n d i n g s .  

Summarizing the  t race-e lement   data  (both  grab and core) , i t  

woul d appear tha t   copper  and z inc  may be bui  1 d ing  u p  i n  the  surface 
sediments  ( top 20 cm) o f  the  nor theast   quadrat   o f   the  s tudy  area.   Th is  

cou ld  be a t   l e a s t   p a r t i a l l y   a t t r i b u t a b l e  to the   depos i t ion   o f   con tami -  

nated  dredged  mater ia l .   Lead  level  s i n  the  top 5 cm throughout  the 

study  area seemed t o  be e leva ted  i n  excess   o f   concent ra t ions  normal l y  

a t t r i b u t a b l e   t o   n a t u r a l   s o u r c e   i n p u t s  and sediment  biogenesis. 

A compar i son   o f   t he   ana ly t i ca l   resu l t s  from the  present   s tudy 

wi th   those  repor ted  by  Gr ieve and F le tche r   (1975)   f o r   t he   F rase r   R ive r  

fores lope  reveal  s t h a t   t r a c e   e l e m e n t s   a t   t h e  dump s i   t e  were  general l y  

h igher   than  those on the   fo res lope.   Th is   wou ld   cor robora te   the i r  

f i n d i n g s   t h a t   t h e s e   m e t a l s   ( w i t h   t h e   e x c e p t i o n   o f   n i c k e l  ) general l y  

increase  westward  and  northward  on  the  foreslope,  and  appear t o  f o l l o w  
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t h e   t r e n d   f o r   s e d i m e n t - g r a i n   s i z e   ( t h a t   i s ,   t o   d i m i n i s h   w i t h   i n c r e a s i n g  

d is tance  f rom  the   s lope) .   Ex tend ing   th is   fu r ther ,  i t  should be noted 

t h a t   t h e  lnaximum concent ra t ions  of a1 1 trace  elements  found i n  the  study 

area  were still cons iderab ly   lower   than  those  repor ted   fo r   t yp ica l  deep- 

-sea c l a y s   o f   t h e   A t 1   a n t i c  and P a c i f i c  oceans (Tu rek i  an & Wedepohl ¶ 

1961). 

Because t h e r e   a r e   s t i l l  many ques t ions   regard ing   the   u l t imate  

fa te   o f   t he   t race   e lemen ts  bound t o   m a t e r i  a1 s disposed a t   t h i s  and o t h e r  

s i tes,   Env i ronment  Canada has now extended  the  program  to   inc lude  inves-  

t i g a t i o n s   o f   c o n t a m i n a n t   b u i l  d-up i n  the  food  chains,  and  an  examination 

of   the  chemical   interact ions  between  elements and p a r t i c l e s   a t   t h e  

sediment-water  interface and wi th in   the  sediments.  

3.3 Q u a n t i t a t i v e   B e n t h i c  Fauna 

Representat ives  f rom a t o t a l   o f  44  taxonomic  groups  ( ident i -  

f i e d   t o  genus f o r  Echinodermata and Mollusca, and f a m i l y   f o r   o t h e r  

Phy la )   were   iden t i f ied  from the 50 quan t i t a t i ve   Pe te rsen   g rab  samples 

co l l ec ted .   I n   genera l ,   t he   i n fauna  was dominated  by  polychaetes 

(worms), notably   the  sedentary  mal danids (bamboo w o r m  

(clams:  Nucula sp. and Macoma sp.)  were a1 so usual l y  

s t a n t i a l  numbers,  as  were ho lo thu r ians   ( sea  cucumbers 

and F l o l p a d i a   i n t e r m e d i a ) ,   t h e   o p h i u r o i d   ( b r i t t l e   s t a r ,  

t h e   e c h i n o i d   ( h e a r t   u r c h i n ,   B r i s a s t e r   l a t i f r o n s .  

1. The b i v a l v e s  

p r e s e n t   i n  sub- 
: C h i r i d o t a  sp. 

Ophi u ra  sp. ¶ and 

F igures  9, 10,  and 11 i l l u s t r a t e   t h e  abundance d i s t r i b u t i o n s  

per   square  metre  for   the bamboo  worms (Clal danidae) , t h e   b r i t t l e   s t a r  

(Ophiura  sp.),  and  the  sea  cucumber  (Chiridota  sp.).  Maldanids  were 

found a t  38 s t a t i o n s ,   b u t   t e n d e d   t o   c o n c e n t r a t e   i n   t h e   e a s t e r n  ha1 f o f  

the  s tudy  area,   the  greatest  number (44  per  square  metre)  being  recorded 

a t  S t a t i o n  1 i n  the   no r theas t   sec to r   (F igu re  9) .  Ophiura sp. were 

present a t  35 s ta t ions ,   be ing   most  numerous i n  grabs from the   no r the rn  

ha1 f ¶ w i t h  a  maximum o f  227 per  square  metre a t   S t a t i o n   4 4   ( F i g u r e  10). 
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C h i r i d o t a  sp. were  recorded a t  29 s t a t i o n s ,   w i t h   c o n c e n t r a t i o n s   i n   t h e  

e a s t e r n   p o r t i o n   o f   t h e  dump s i t e   a t   S t a t i o n  35 (110 per  square  metre) 

and i n  t h e   n o r t h e a s t   a t   S t a t i o n  10 (94  per   square  metre) .  

The free-moving  errant  polychaetes  were  more numerous i n  grabs 

from the  southern and southeastern  por t ions  o f   the  survey  area,  a1 though 

they  were  found  throughout. They  were  most  numerous a t   S t a t i o n  3, which 

had the   h ighes t   pe rcen tages   o f  medium and f i ne -g ra ined  sand p a r t i c l e s   o f  

the   s ta t ions   s tud ied .  The coarseness o f   t h e   s e d i m e n t   a t   t h i s   s i t e  was 

a t t r i b u t e d   t o   i t s   p r o x i m i t y   t o   t h e   F r a s e r   R i v e r   f o r e s l o p e .  However, 

e r ran t   f o rms   were   no t   pa r t i cu la r l y   abundan t   i n   g rabs  from the   no r theas t  

sect ion,   even  though  th is   area was  a1 so c h a r a c t e r i z e d   b y   r e l a t i v e l y   h i g h  

percentages of   coarse  sediments.  

Sedentary  polychaetes  were  most  prevalent i n  samples from the 

eas tern  ha1 f o f   t h e   s u r v e y   a r e a ,   w i t h   r e l a t i v e l y  few  occurr ing i n  the 

sandy sediment o f   S t a t i o n  3. They were r e l a t i v e l y  numerous i n  the  area 

hav ing   most   o f   the   debr is   depos i ted   by  dumping a c t i v i t i e s .  

' 3.4 Qual i ta t ive  Macrobenth ic   Survey 

The  beam t r a w l s ,  a1 though   qua l i t a t i ve ,   p rov ided   va luab le   i n -  
f o rma t ion   rega rd ing   t he   na tu re  o f  the bottom,  and  on the demersal f i s h  

and macrobenthos i nhab i t i ng   t he   a rea .  Seven genera o f   b o t t o m   f i s h  were 

co l   lec ted ,   the   most  common being  so le   (probably   Parophrys  vetu lus)  , 
shor t -sp ine   thornyhead  (Sebasto lobes   a lascanus) ,   and  ra t f i sh   (Hydro lagus  

c o l l i e i ) .  O f  the  macrobenthos  encountered,  the  most  abundant  organism 

was the sea  cucumber ( C h i r i d o t a   s p . ) .   I n   f a c t ,   t h e y  were so p l e n t i f u l  

t h a t   t h e   n e t  1 i t e r a l  l y  became c logged   w i th  them dur ing  each  t rawl .   Th is  

was p a r t i c u l a r l y   i n t e r e s t i n g ,   s i n c e   t h e   l a r g e  numbers  were n o t   f o r e c a s t  

by the   resu l ts   o f   the   benth ic   g rab   sampl ing ,   thus   demonst ra t ing   the  

va lue  o f   apply ing  severa l   sampl ing  techniques when assessing an area. 

The s t a r f i s h   ( M e d i a s t e r   a e q u a l i s )  was  common i n   t h e   t h r e e   s o u t h e r n  

t raw l  s w h i l e   t h e   b r i   t t l e   s t a r   ( O p h i   u r a  sp.)  appeared t o  be more  abundant 
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fran the  center   o f   the   dumps i te   to   the   nor th .  Some shrimp  (Crangon sp. 

and Pandalus sp.)  and a few  prawns  (Pandalus  platyceros)  were a1 so c o l -  

l e c t e d ,   b u t   n o t   i n   s u b s t a n t i a l  numbers. T h i r t y - t h r e e   o t h e r  genera o f  

inver tebra tes   were  a1 so represented i n   t h e  beam t raw l   ca tches ,   bu t  none 

c o u l d  be considered common. 

Considerable wood debr i s  was found i n   t h e   t r a w l s   f r a n   S t a t i o n s  

1, 29, and 41 , and some was p r e s e n t   a t   S t a t i o n  13. Trawl ing  a t   S t a t i o n s  

9 and 25 was abandoned  because the   ne t  was t o r n  b y   o b j e c t s   l i t t e r i n g   t h e  

bottom. I n   f a c t ,  because o f   t h e   l i k e 1  i hood of  the  sampling  gear  being 

damaged o r  perhaps  lost ,   no  t rawls   were  a t tempted  over   the  concentrated 

dumping area i n   t h e   n o r t h e a s t   s e c t i o n .  The genera l   p ic tu re   o f   the   bo t tom 

t h a t  began t o  emerge was one o f  a  mud subs t ra te   w i th   an ima l   popu la t ions  

t y p i c a l   f o r   t h i s   d e p t h  and  area, but  which was l i t t e r e d   w i t h   l a r g e  

ob jec ts  such  as boulders,  chunks o f  concre te  and  pavement, some scrap 

metal , and  considerable wood debr is.  

3.5 Submersi b l  e Observations  and  Photography 

Dur ing  the  course  o f   the  "P isces"   d ives,   approx imate ly   e ight  

hours  of  videotape,  two  hours  of 16 mm film, and 350 s t i l l  photographs 

were  generated, as we1 1 as many visual   impressions  not  recorded by any 
of   the  a forement ioned  media.   Th is   in format ion i s   p r e s e n t l y   b e i n g  

examined  and e d i t e d ,   t o  be r e t a i n e d  as  a permanent  photographic  record 

o f   c o n d i t i o n s  as t h e y   e x i s t e d   i n  1976. 

I n  many ways the  "P isces"   d ives  conf i rmed  the  ins ights   ga ined 

fran examina t ion   o f   t he   ma te r ia l   co l l ec ted   by   t he  beam t r a w l  and benth ic  

grab  surveys. Re1 a t i v e l  y 1 i ttl e  dumped mater i  a1 was found w i  t h i n   t h e  

dump s i t e  boundary,  and v i r t u a l l y  none  occurred i n   t h e   s o u t h e r n  and 

western  hemispheres.  Epibenthic l i f e  and  demersal f i s h  were  scarce i n  

these  areas. The b e n t h o s   o f   a l l   t r a n s e c t s  was deduced t o  be p r i m a r i l y  

infaunal  owing  to  the  abundant  burrows and cas t ings   occur r ing   on   the  mud 

surface. 
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Most   o f   the  debr is   noted had  been deposi ted i n  the   nor thern  

and eas tern   sec t ions   o f   the   s tudy   a rea ,   w i th   cons iderab ly  more occu r r i ng  

ou ts ide ,   t han   i ns ide ,   t he   l im i t s   o f   t he   des igna ted  dump s i t e .   W i t h i n  

the  boundary,  the  most common m a t e r i a l  s found  were 1 umps o f  hardpan  c lay 

and some wood d e b r i s ,   i n c l u d i n g  a few  deadheads.  Outside  the dump s i t e ,  

p a r t i c u l a r l y   a l o n g   t r a c t s  3, 3a,  and 4, t h e r e  were l a r g e   q u a n t i t i e s   o f  

c o n s t r u c t i o n   r u b b l e   ( i n c l u d i n g   c o n c r e t e   p i  1 l a r s  , r e i n f o r c i n g   r o d s  and 

cables) , dredged  materi  a1 , and wood wastes. I n  some areas , r e g u l a r  

mounds up t o  2 metres  high  were  found. These l a r g e r   d e p o s i t s  were  pre- 

sumably t h e   r e s u l t   o f  dumping  by  bottom-dump  barges,  the  only l i k e l y  

mechanism  whereby mounds o f   t h i s   s c a l e   c o u l  d  be generated. As would be 

expected,  the  deposi t s  were  randomly d i s t r i b u t e d ,  a1 though  more  were 

present   a long  t ransec ts  3, 3a,  and 4. 

Wi th   regard   to   the   b io log ica l   communi t ies   inhab i t ing   the   a reas  

o f   concen t ra ted   deb r i  s , exposed ob jec ts  

b locks ,   sc rap   i ron ,   e tc .  , were a t t r a c t i v e  

macrofauna , i nc l   ud ing  anemones, shrimp, 

var ious   spec ies   o f   f i sh .   Apparent ly ,   the  

n i c h e s   w i t h  a measure o f  p r o t e c t i o n  from 

such as deadheads, concre te  

to many o f   t h e   e p i   b e n t h i c  

and  prawns , as we1 1 as to 

nooks and c rann ies   p rov ided 

predators  , as we1 1 as firm 

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

t y p i c a l  phenomenon experienced i n  the   cons t ruc t i on  o f  a r t i f i c i a l   r e e f s  
i n  shal  low  waters and around  shipwrecks. Many o f   t h e  deadheads en- 

countered  were i n  an advanced s t a t e   o f  decay, p r i m a r i l y  due t o  heavy 

shipworm  (Bankia  sp.)  infestat ions.  Several  were a1 so covered i n  un- 

i d e n t i f i e d   f u n g a l   a n d / o r   b a c t e r i a l   g r o w t h s .   I n  two instances,  hundreds 

o f   l a rge   sna i l s   (Nep tunea  sp.)  were  found on l o g s   c o v e r e d   w i t h   t h i s  

growth. I t  i s   n o t   y e t   c l e a r   w h e t h e r   t h e   s n a i l s  were feed ing  on the 

fungal   and/or   bacter ia l   mat ter ,   or   whether   they  were  s imply   exhib i t ing a 

swarming behavior   for   mat ing  purposes.  

The numerous holes and c a s t i n g s   i n d i c a t i v e   o f   i n f a u n a l  popu- 

1 a t i ons   o f   po l ychae tes ,   ho l   o thu r i  ans , ech ino ids ,  and c rus tacea   p reva i l ed  

throughout  the  study  area,  including  those  s i tes  where  concentrated 
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dumping  had occurred. I n   f a c t ,   t h e y  were  even  found  over a1 1 t h e   l a r g e  

mounds d e s c r i b e d   e a r l   i e r ,   s u g g e s t i n g   t h a t   i n f a u n a l   r e c o l o n i z a t i o n   o f  

smothered  areas was tak ing  p lace.  

The r e  

bot tom  currents  

the dump s i t e )  a 

1 a t i ve ly   sha l   lower   depths  

(as  opposed to   the  negl  i g  

l o n g   t r a c k s  3, 3a,  and 4, 

and the   p resence  o f   no t iceab le  

i b l e   w a t e r  movements t y p i c a l   o f  

have  apparent ly   p rov ided  op t i -  

mum c o n d i t i o n s   f o r   o p h i u r o i d s .  A dense popu la t i on  was found  cover ing 

the   bo t tom,   inc lud ing   the   a reas   o f   depos i t ion ,   a long  the   en t i re   leng th  

o f   these  t ransec ts .  

I n  summary, " the   P i sces   d i ves "   con f i rmed   tha t   t he   ma jo r i t y  of 

the   mater ia l  dumped o f f   P o i n t  Grey was, i n   f a c t ,   n o t  found a t  the  desig- 

na ted   s i   t e ,   bu t   ra the r   t o   t he   no r theas t ,   t oward   t he  City o f  Vancouver. 

Many o f  the  areas  surveyed  with  "Pisces"  were  impossible to sample w i t h  

t rawl ing   gear  due to   t he   va r ie t y   o f   deb r i s   on   t he   bo t tom.  However, t h i s  

d e b r i s   d i d   n o t  appear to be adve rse ly   a f fec t i ng   t he   ep iben th i c  macro- 

fauna and s e r v e d   t o   a t t r a c t  to these  areas many o f   t h e   m a j o r   l i f e   f o r m s  

found.  Nevertheless,  these  conclusions  should  not  be  considered a sanc- 

t i o n   f o r  ocean  disposal i n   s i t e s   o t h e r   t h a n   t h o s e   o f f i c i a l l y   d e s i g n a t e d .  

I n  many l o c a t i o n s ,   i n c l u d i n g   t h e   P o i n t  Grey  area, a va l i tab le  t rawl  

f i s h e r y   e x i s t s   i n   t h e  more  productive  near-shore  regions.  Should  such 
areas  be 1 i t te red   w i th   deb r i s ,   f i she rmen   wou ld   f i nd  it impossible t o  

t rawl   the i r   ne ts   over   the   bo t tom.  
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FIGURE 5 WATER  COLUMN  TEMPERATURE,  SALIHITY, AND 
DISSOLVED OXYGEN PROFILES 
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FIGURE 7 CONCENTRATION OF COPPER IN  THE  SURFACE 
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FIGURE 8 CONCENTRATION OF NICKEL  IN THE SURFACE 
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FIGURE 9 DENSITY OF Maldanidae  AS  DETERMINED 
F R O M   P E T E R S E N   G R A B   S A M P L E S  
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FROM PETERSEN GRAB S A M P L E S  



, 

FIGURE II DENSITY OF Chiridota sp AS  DETERMINED 
F R O M  PETERSEN GRAB  SAMPLES 
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