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ABSTRACT * 

Su i tab le   l and   d i sposa l   s i t es   a re   exceed ing ly   l im i ted  on the  

west  coast o f  Canada, and they  are  expected  to  become more scarce i n  the  

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

in te res t   i s   be ing   d i rec ted   towards   the   mar ine   env i ronment .  On December 13, 

1975, the  Ocean Dumping Control   Act  was proclaimed.  Environment Canada 
was des igna ted   t o   admin i s te r   t he  new leg i s la t i on ,   wh ich   i nc ludes  a pe rm i t  

system  through  which  the  major  controls  are  exerted. 

To date, i n  excess o f  90% o f   a l l  ocean  dumping a p p l i c a t i o n s  
processed have involved  the  d isposal   of   dredged  mater ia ls.  Much of t h i s  

d redgea te   o r i g ina tes   f rom  the   d i ve rs i f i ed   f o res t   p roduc ts   i ndus t r i es ,  some 

o f  wh ich   a re   l oca ted   i n   a reas   a l ready   con tamina ted   w i th   o the r   i ndus t r i a l  

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

content ,   and  are  occas ional ly   found i n   a s s o c i a t i o n   w i t h   o t h e r   p o l l u t a n t s ,  

such as mercur ic  compounds. 

In   the   pas t   year ,   Env i ronment  Canada has expended  considerable 

e f fo r t   eva lua t i ng   t he   phys i ca l  and chemical   fates o f  dredgeates dumped i n t o  
unconfined  marine  areas, and t h e i r  subsequent   e f fects  upon t h e   r e s i d e n t  

ecosys tems.   Pre l im inary   conc lus ions   inc lude  the   fo l low ing :   tha t   the  

environmental  impact o f  ocean  disposal upon the  water  column is  genera l l y  

shor t - te rm and min ima l ;   tha t  most o f   t h e   p o l l u t a n t s   c o n t a i n e d  i n  t h e  
dredged  mater ia ls  tend t o  remain  bound i n  the  sediments;   that   the  greatest  

impact  appears t o  be l o c a l i z e d  on the  bot tom i n   t h e   v i c i n i t y   o f   t h e  dump- 

s i t e s ;  and tha t   the   degree and d u r a t i o n   o f   e f f e c t s   a r e   s i t e - s p e c i f i c  and 
genera l l y   re la ted   t o   t he   p reva i l i ng   oceanograph ic   cond i t i ons .  

* This  paper was presented a t   t h e   P a c i f i c   N o r t h w e s t   P o l l u t i o n   C o n t r o l  
Associat ion  Conference  held i n   S e a t t l e ,  Washington i n  October 1976. 
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l i 6 s   a u x   c o n d i t i o n s   o c d a n o g r a p h i q u c s .  
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1 I NTRODUCT MN 

On December  13,  1975, the Ocean Dumping Contro l   Act  was 

proclaimed by Canada. T h i s   l e g i s l a t i o n   r e g u l a t e s   t h e  ocean d isposal  

o f  most  types o f   m a t e r i a l s  f rom  sh ips ,   a i rc ra f t ,  and p la t fo rms  opera t ing  

i n  Canadian t e r r i t o r i a l   o r   i n t e r n a l   w a t e r s ,  and a l l  Canadian  vessels 

anywhere i n  the  wor ld.  The o n l y   e x c e p t i o n s   a r e   d i s p o s a l   t h a t   i s   i n c i d e n t a l  

t o ,   o r   de r i ved  from, the  normal  operations o f  a s h i p   o r  an a i r c r a f t ,  and, 

d ischarges   tha t   a re   inc identa l   to ,   o r   der ived   f rom,   the   exp lo ra t ion   fo r ,  

e x p l o i t a t i o n  of,  and assoc ia ted   o f f -shore   p rocess ing   o f  sea-bed minera l  

resources. 

Environment Canada  was des ignated  the  lead agency t o   a d m i n i s t e r  
the   p rov is ions   o f   the   Ac t ,   inc lud ing   the   es tab l i shment  and o p e r a t i o n   o f  a 

p e r m i t   s y s t e m   t o   r e g u l a t e   t h e   l o a d i n g   ( f o r   t h e   p u r p o s e s   o f  dumping)  and t h e  

d i sposa l   o f   was tes   a t  sea. Pe rm i t   app l i ca t i ons   respec t i ng   t he   Ac t   a re   p ro -  

cessed  through  Regional  off ices o f   t he   Env i ronmen ta l   P ro tec t i on   Se rv i ce  

l o c a t e d   i n  Vancouver, B r i t i s h  Columbia; Edmonton, Alberta;   Montreal ,  Quebec; 

and H a l i f a x ,  Nova S c o t i a   ( F i g u r e   1 . )   D u r i n g   t h e   i n i t i a l   1 0  months o f   i t s  

admin i s t ra t i on ,  a t o t a l   o f  167 p e r m i t   a p p l i c a t i o n s  have been.received and 

processed. Many more a re  i n  p repara t i on  and several  have  been  screened 
o u t   p r i o r   t o   t h e   a p p l i c a t i o n   s t a g e .   T a b l e  1 summarizes t h e   d i s t r i b u t i o n  

of appl icat ions  by  Region and type o f  mater ia l   cons idered  fo r   d isposa l .  

Table 1 SUMMARY OF M E A N  DUMPING CONTROL ACT PERMIT APPLICATIONS 
PROCESSED B Y  REGIONAL  OFFICES 

A t l a n t i c   P a c i f i c  Quebec Northwest 

Dredged mate r i  a1 88 50 19 0 
Chemical  wastes 0 2 0 0 

Sc ien t i f i c   expe r imen ts  3 1 0 0 

F i  s h wastes 1 0 0 0 

Miscel laneous - 2 - 2 - 0 - 0 

Subtota l  94 54 19 0 

Total. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .167 - 
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Of the  total  received, 157 applications  or 94%, have involved 
the  disposal of dredged materials. Most o f  the dredging  requirements 
resul t  from natural  sedimentation  processes and subsequent i n f i l l i n g  
of navigation  channels,  harbours, and  dock areas. 

However, particularly on the west coast, much of this  material 
resul ts  from the  deposition of wood wastes  generated by the  variety of 
activit ies  associated w i t h  the forest  products  industry. In some cases 
these  industries  are  located i n  areas  already contaminated w i t h  other 
industrial  wastes. The resultant  dredgeates  are  generally found to be 
h i g h  i n  organic  content, and are  occasionally found i n  association w i t h  
other  pollutants, such as  mercuric compounds  and other heavy metals. 

In order t o  a s s i s t  i n  assessing and processing  permit  applications, 
Environment Canada has expended considerable  effort  evaluating  the  physical 
and  chemical fa tes  o f  dredgeates dumped into unconfined  marine areas, and 
the i r  subsequent effects  upon the  resident ecosystems. The main purposes 
of this  discussion  are t o  describe  the problems o f  dredged material  handling 
and disposal,  particularly  as  applied t o  the west coast o f  Canada,  and t o  
review, i n  general  terms,  the  nature,  scope, and results  obtained from 
certain  studies undertaken by Environment  Canada. 
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2 PROBLEM 

Maintenance dredging of navigable waterways, harbours,  docks, 
booming grounds, e t c . ,   i s  a continuing and essential  requirement of most 
coastal  areas. In  British Columbia, dredging is  carried  out by  a1 1 con- 
ventional  types of equipment including  pipeline  suction  plants,  suction 
hoppers,  clamshell  dredges, and other bucket-dredge operations. A t  the 
present  time,  the use o f  suction-type equipment is generally  restricted 
t o  the lower portions of  the  Fraser  River and Vancouver harbour where 
the  sediments are  relatively homogeneous and ,  therefore,  sui  table for  
suction removal. This dredged material, comprised mostly  of  sand, i s  
regularly  spoiled  to approved landf i l l   s i tes   for  subsequent use as found- 
a t i o n  f i l l .  When  deemed unsuitable or unnnecessary fo r   t h i s  purpose, i t  
i s   o f ten  discharged t o  deeper  waters i n  the  vicinity of the  dredge s i t e .  
W i t h  the advent of the Ocean Dumping Control  Act, some of these  la t ter  
ac t iv i t ies   a re  now regulated by the new legislation. 

Clamshell and other bucket operations  generally  involve  smaller 
volumes of material t h a n  those handled by suction methods and/or  bottom 
sediments mixed with wood rubble and other forms of debris which make suction 
dredging d i f f icu l t   o r  impossible t o  carry  out.  Since  the  reach of the 
stationary  cranes i s  generally  not  sufficient t o  permit  side-casting  into 
deeper  water or onto  land,  the  spoils  are  usually dumped i n t o  barges or  
scows for removal t o  a suitable  location.  Unfortunately, i t  is   these 
materials, which frequently  originate  near wood products and other  industries, 
t h a t  contain h i g h  levels of organic  substances  and,  often,  other  pollutants 
as  well. 

This material  is  generally  not  suitable  for  construction purposes 
because  of i t s  chemical composition and unclassified  nature. In British 
Columbia, the problem i s  compounded  by the  fact  t h a t  l a n d  disposal  si tes  are 
often simply n o t  available owing t o  the rugged topography. Alternatively, 
where f l a t  land  near  the  shore is   avai lable  i t  is   of ten  s i tuated  a t   the  head 
of  an estuary.  Estuaries i n  general, and those of British Columbia i n  
particular,  are  considered t o  be exceedingly c r i t i ca l  t o  the w i  Id1 i f e ,  
f isher ies ,  and other  natural  resources o f  the  coastal zone. In  the pas t ,  
and  even now, significant  areas o f  many of these  estuaries  are being 
covered  over w i t h  dredge spoils,  hogfuel, and general  refuse,  etc., i n  
addition t o  sustaining other development pressures. 
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I n v e s t i g a t i o n s   o f  some o f   t h e   l a r g e r   a n d / o r  more c r i t i c a l  

land-dump s i t e s  by  Environment Canada, o ther   regulatory   agencies,  and 
p r i v a t e   i n d u s t r y  have  demonstrated t h a t   v e r y  few s i t e s   s a t i s f y   t h e   b a s i c  

c r i t e r i a   requ i red   t o   ensu re   m in ima l   de le te r i ous   impac t  upon t h e   t e r r e s t r i a l  

and adjacent  aquatic  environments and t h e i r   a s s o c i a t e d  ecosystems.  With 

the   sha l l ow ,   o f ten   t i da l ,   g roundwate r - tab le   l eve l s   no rma l l y   cha rac te r i s t i c  

o f   t he   es tua r ine   a reas ,  and the   h igh   i nc idence   o f   p rec ip i t a t i on   a long   t he  
coas t ,   the   genera t ion   o f   h igh ly   tox ic   leachates  has become a r e g u l a r  and 

c o n t i n u i n g   f e a t u r e   o f  many d isposa l   s i tes .  Compounding the  problem i s   t h e  

f a c t   t h a t ,  more of ten  than  not ,   these  leachates end up f l o w i n g   i n t o   n e a r b y  

sha l low  f reshwater   and/or   in te r t ida l  marsh  ecosystems  which o f ten   harbour  

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

resources. 

W i th   l and f i l l   op t i ons   be ing   t he re fo re ,   ve ry   l im i ted ,  i t  i s   n o t  

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

environment as a po ten t ia l   receptor   fo r   d redged  mater ia ls .   In   th is   regard ,  

B r i t i s h  Columbia  appears t o  be i n  a r e l a t i v e l y   f o r t u n a t e   p o s i t i o n .  The same 

geo log ica l   fea tures   tha t  have l i m i t e d   l a n d   d i s p o s a l   p o s s i b i l i t i e s   p r o v i d e  a 

m u l t i t u d e  o f  f j o rd - t ype   mar ine   i n le t s   w i th   wa te r  column  depths i n  excess 

o f  200 m e t e r s .   C o n c u r r e n t l y ,   t h e   h i g h   l e v e l s   o f   p r e c i p i t a t i o n   c h a r a c t e r i s t i c  

o f   t h e   c o a s t a l  zone a r e   r e f l e c t e d   i n   t h e   l a r g e  numbers o f   r i v e r s  and  streams 

f l o w i n g   i n t o  many o f   these  in le ts ,   thereby   es tab l i sh ing  and ma in ta in ing  
s t r o n g   c i r c u l a t i o n   p a t t e r n s   w i t h i n   t h e   f j o r d  systems.  These cond i t i ons ,  

where they   ex is t ,   appear   to   p rov ide   su i   tab le   mar ine   d isposa l   op t ions .  

On the   o ther  hand, some o f   t h e   f j o r d s   h a r b o u r i n g   i n d u s t r i e s  

have  shallow s i l l s   s e p a r a t i n g   t h e  open  ocean  from t h e   i n l e t s '  heads, 

where the   i ndus t r i es   a re   genera l l y   l oca ted ,  Under these  circumstances, 

water column c i r c u l a t i o n  may of ten be r e s t r i c t e d  below s i l l  depth i n   t h e  

i nne r   bas ins ,   resu l t i ng   i n   cond i t i ons   wh ich  may n o t  be  conducive t o   t h e  
d i s p o s a l   o f   o r g a n i c   o r   o t h e r   p o l l u t e d  waste, inc lud ing   d redge  spo i l s .  

Oceanographic  and b i o l o g i c a l   i n v e s t i g a t i o n s  have  been c a r r i e d  

o u t   a t  a va r ie t y   o f   geograph ica l   l oca t i ons  encompassing  the  range  of  physical 

oceanographic  condit ions  encountered on the  west  coast o f  B r i t i s h  Columbia. 
Experience has led  researchers  to   conc lude  that   the  pr imary  env i ronmenta l  
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r e q u i r e m e n t s   f o r   m i t i g a t i o n   o f   t h e  key  impact o f   o rgan ic   was te   d isposa l  

i s  a c o n t i n u a l ,   s u f f i c i e n t   s u p p l y   o f   d i s s o l v e d  oxygen. The presence of 
s u f f i c i e n t  oxygen usua l ly   permi ts   the   chemica l   ox ida t ion  and degradat ion 

o f  o r g a n i c s ,   w h i l e   r e s t r i c t i n g   t h e   g e n e r a t i o n   o f  hydrogen  sulphide  and 

other  noxious compounds t o  below  the  sediment/water  interface. The presence 

o f  oxygenated  water above the  sediment has a l s o  been f o u n d   t o   p e r m i t   c o l o n i -  

z a t i o n  o f  exposed  organic  mater ia ls  wi th  fungal   and/or  bacter ia l   growths,  wood- 

b o r i n g   b i  Val ves , polychaetes,  crustacea,  etc. The abi  1 i t y  of 1 arger  organisms 

to  establ ish  residence  under  these  condi t ions  promotes  degradat ion  processes, 

an a t t r i b u t e   w h i c h   i s   g e n e r a l l y   c o n s i d e r e d   t o  be des i rab le.  

When s i t u a t i o n s   o f   p o o r   c i r c u l a t i o n  and low  d isso lved oxygen 

cond i t i ons  (e.g., A l b e r n i   I n l e t ' )   a r e  compounded by   the   neares t   po ten t ia l l y  

s u i t a b l e   m a r i n e   d i s p o s a l   s i t e   b e i n g   l o c a t e d   a t  a considerable  d istance 

(>30 mi les)   f rom  the   d redge  s i te ,  and l a n d - d i s p o s a l   f a c i l i t i e s   b e i n g  non- 

existent,  serious  environmental  and/or  economic  repercussions may r e s u l t .  

Under  these  conditions  Environment  Canada's  approach has  been to   m in im ize  

the  surface  area  exposed t o   t h e   w a t e r  column  by c o n f i n i n g   t h e  dumping  ground 

t o  as small  an area as p o s s i b l e .   I n   a d d i t i o n ,  when i t  has  been f e a s i b l e  

(e. g., Howe Sound and P o r t  A1 be rn i  , Figure 2) ,  exposed  organic  material has 

been bur ied  wi th   c lean  dredge  spoi ls ,   such as  sand, gravel ,   e tc .   Th is  

procedure  serves  to  seal   pol   luted  mater ia ls  below a non-contaminated  layer.2 
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3 RESEARCH ACTIV IT IES 

P r i o r   t o  1973, the re  was r e l a t i v e l y   l i t t l e   d e f i n i t i v e   i n f o r m a -  

t i o n  on the  environmental   impact  of   dredgeate  d isposal  i n  unconfined  marine 

areas. A t  about   that   t ime  the U.S. Army Corps o f  Engineers was author ized 

by  Congress t o   c a r r y   o u t  a comprehensive  nationwide  program o f   research  

assoc ia ted   w i th   a l l   env i ronmen ta l   aspec ts   o f   t he  Corps dredging  programs.3 

The 30 mil 1 i o n   d o l l a r  "Dredged Mate r ia l  Research  Program'' was ass igned   to  

t h e  Waterways Exper iment   Stat ion  (V icksburg,   Miss iss ipp i ) .  As a r e s u l t  

of t h i s   m a j o r  and  most s ign i f i can t   under tak ing ,  tremendous research  inroads 

have  been made i n t o   t h e   f i e l d   o f  dredged  material hand1 i ng , disposal  , reuse , 
etc. 

Recogniz ing  the  nature and e x t e n t   o f   t h e  American  program, 

b u t   a l s o   r e a l i z i n g   t h a t   c e r t a i n   a s p e c t s   o f   t h e  dredged  mater ia l   d isposal  

problem i n  Canada were d i f fe ren t ,   Env i ronment  Canada i n i t i a t e d  a s e r i e s   o f  

studies  to  invest igate  those  problems  which  were  unique  to Canada's coasts 
or,  which  were i n   p a r t i c u l a r  need o f  prompt   resolut ion.  

I n i t i a l l y ,  an e x t e n s i v e   f i e l d  program was c a r r i e d   o u t   a t  one o f  

B r i t i s h  Co lumbia 's   la rges t   ac t i ve  dump s i t e s   c u r r e n t l y   i n  use." T h i s   p a r t i -  

c u l   a r   l o c a t i o n  , P o i n t  Grey (F igure 3) , had  been  used m a i n l y   f o r   t h e   d i s p o s a l  

o f  dredged  mater ia l   f rom  the  lower  Fraser  River and  Vancouver  harbour. 

Current ly,   approximately 500,000 cubic  yards (383,000 m3) o f   m a t e r i a l   p e r  
yea r   a re   depos i ted   a t   t h i s   s i t e ,   wh ich  has  a mean water   depth  o f  250 metres. 
The program  invest igated many components o f   t he   rece iv ing   env i ronmen t ,   i nc lud ing  

the  water  column, the  water-sediment   in ter face,  and the  sediments, as w e l l  as 
examining  the  organisms  inhabi t ing  these zones. Water-bot t le   casts ,   benth ic  

grab and core  sampling, beam t raw ls ,  and manned submers ib le   v isual  and 

photographic  procedures  were among the  assessment  techniques employed. 
The genera l   resu l ts  and p re l im ina ry   conc lus ions   o f   t h i s   work  were  presented 

at   the  7th  World  Dredging  Conference, San Francisco." As would be expected, 

the  main  impact was on the  bottom,  through  bur ia l   of   benthic  organisms 

and t h e   i n t r o d u c t i o n   o f  new and d i f f e r e n t   s u b s t r a t e s ,  e.g., gravel ,   rock,  

wood debris,  etc.  Summarizing,  the  researchers  concluded: 
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As a f o l l o w - u p   t o   t h i s  work  and in   o rde r   t o   de te rm ine   t he   response  

o f  organisms to   a l t e red   subs t ra tes ,   cho ice   t es t   expe r imen ts  were c a r r i e d  

o u t   w i t h   e i g h t   s p e c i e s   o f   b e n t h i c   i n v e r t e b r a t e s . 5  The species  tested 

i n c l  uded  two  echinoderms , Rthutm W 6 h o v ~ c l  and C W d o X a  k b e v i ~  ; f i v e  

crustaceans, Cancm m a g h t m ,  Munida quadninpina,  Panddw  dame, Changcrn 
alahenhiA,  Co4ophiwn aa.5nonin; and t h e   b i  Val ve, Macoma inconhpicua. The 
n a t u r a l  and a1 te red   subs t ra tes   tes ted   inc luded mud, sand, rocks , wood ch ips , 
wood debr is ,  and po l l u ted   sed imen ts   ob ta ined   f rom  c lose   t o   pu lp   m i l l s .  The 

s tudy   revea led   tha t :  

These conc lus ions   a re   cons i s ten t   w i th  in nLtu  submersible  observat ions 

o f   a c t u a l  dumpsi t e   cond i t i ons .  

Sampling and chemica l   ana lys i s   o f   d redge   spo i l s   o r i g ina t i ng  

f rom  indus t r ia l i zed   a reas  such as False Creek  (Vancouver  harbour)  and 

Squamish (Howe Sound)  have r e s u l t e d   i n   f u r t h e r   i n v e s t i g a t i o n s   i n t o   c e r t a i n  

chemical  and  biochemical  reactions in   the   dumps i te   env i ronment .  From  a s t r i c t l y  

chemical  standpoint,  most o f   t he   recen t   researche7  has shown tha t  metals, 

pes t i c ide   res idues ,  and  most o t h e r   t o x i c  components g e n e r a l l y   r e m a i n   t i g h t l y  

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

column. This  has  been pa r t i cu la r l y   t rue   under   oxygena ted   cond i t i ons ,  
which  represent  the  normal  c i rcumstances  exper ienced  at   most  marine dump 

s i t e s .  
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Environment Canada's chemical experiments uti l ized a modified 
form of the U.S. e lu t r ia te   t es t . '  Sediment samples, a t  a 1 :ZOO0 sediment- 
to-seawater r a t i o ,  were maintained under s t i r red  and unstirred  conditions 
for 1 7  days while subsamples were regularly withdrawn for trace-metal 
analysis,  including  lead,  copper,  zinc, cadmium, and m e r ~ u r y . ~  Sample 
processing and analyses were carried o u t  i n  an u l t r a  clean  laboratory equipped 
w i t h  a i r - f i l t r a t ion ,  thereby minimiz ing  the potential  for  contamination. 
The fo l lowing  summarizes the  general  results of this work which was carried 
o u t  by Dr. C.S. Wong of  the  Fisheries and Marine Service: 

" In   gena&,  a l l  t h e  meX& examined appeahed t o  behave cjutte 
independentty 0 6  one anathm and undetrwent mmhed Q & o t a a ~ n  
o v u   t h e  btudy t ime  pehiad. Phnolved zinc Ahowed a m p i d  
iWd tmpot~my i n c h e a  e wZth a ~ L o w m  i n m e m e  occwching 
a d t u  &x h o w .  The a;tihrred boLiXe appemed t o  g ive   z inc 
concellRhdtioMn an ohdm 0 6  magrzi;tude lmgm than   the   uvm2ned 
borne. C o p p a  conceM;ttrdon Ahowed an i W &  n p i h e  ~ ink lm 
Xo t'lzdt 06  zinc,  b u t  w.itlLn  one  day t h e  l e v &  had @ U e n  
be low Xhe inia5.d v & u .  A a l o w  i n m e a e   o c c m e d  overt t h e  
tremaikng Xime p h o d .  Cadmium c o n c e M o n  Ahowed an i W  
s p i k e  i n  both  the blanh and uMnLimed boLt&. Lead behaved 
q u i t e  did6e.hentty, exkibiLing  an ini;tid 6outrdold i n a w e   i n  
dhvpping back A AX t o  t h e  inctiae lev&  wZtkin a day. MertcUILy 
concentrtdon a b o  inctreahed by a 6actotr 0 6  doulr b u t  appeahed 
20 Xahe a day t o  do bo.  AQteh b i x  dayb, t he   l ev& had 
hopped back &oa t  t o  Xhe i a t  v d u u .  T h u e  and o t h m  
m e A d  tre.lea~e e x p d r n e d  have und&ned t h e  ci.ld&i~u&.L~ 
iuvolved, and ,the aXen;tion  tha;t m u 2  be p a i d  t o  o x h a  p m d ~  
drcch ah h&ni&j ,  tmpertaXuhe and pH. A gheaX deal 0 6  c m e  i.4 
hequited  both i n  expQhimenf d u i g n  and i r ~ . t ~ t r p h W o n . " ~  

Unfortunately,  the  specific  concentrations of the various elements 
examined  were not available  for  presentation a t  t h i s  time, b u t  i t  i s   f a i r  
t o  say  they  they were generally minute ( i .e . ,   of ten i n  the p a r t  per t r i l l i o n  
range). Work o f  this  nature  is  continuing, b u t  the  preliminary  results would 
tend t o  confirm  the fact   that   d i rect  chemical releases of  trace  metals 
t o  the  receiving  water do n o t  present an  immediate toxicological  threat 
t o  marine organi  sms . 

However, when considering  the long term,  ultimate  fate of these 
pol lutants ,   l i t t le   research appears  to have  been conducted on the  effects 
of  biological  action upon contaminated  dredge spoils and/or  the  potential 
for bioaccumulation of  toxicants w i t h i n  marine food chains. I n  th is  
regard, under the  direction of the  Fisheries and Marine Service,  several new 
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s tud ies have r e c e n t l y  been i n i t i a t e d .  One such  program  involves  the  col lect ion 

o f   c e r t a i n  organisms  from  the  Point  Grey  area  and a " c o n t r o l "   s i t e   l o c a t e d  

approximately  12 km n o r t h   o f   t h e   P o i n t  Grey dump s i t e  i n  t h e   S t r a i t   o f  

Georgia.  Species  included  are  the sea  cucumbers, MoLpadia i n t m e d i a  and 

c h h i d o l z  h e v i A  ; the  hear t   u rch in ,  Bhinatm Latidhonb ; and the  polychaete,  

ThaViAia bhewb. The p r i m a r y   o b j e c t i v e   o f   t h i s   s u r v e y  will be t o  measure 

t h e   l e v e l s  o f  heavy  metals  (and  possibly  pest ic ide  residues) i n   t h e   t i s s u e s  

o f   t h e   t e s t   s p e c i e s   i n  an e f fo r t   t o   de te rm ine   b ioaccumu la t i on   po ten t i a l s .  

Another   p ro jec t   recent ly  begun concerns  the  problem o f  mercury 

i n  d redged  mater ia l .   H is to r ica l  ly, the  upper end o f  Howe Sound became 

contaminated  with  mercury as  a r e s u l t   o f   d i s c h a r g e s  from a ch lo r -a1   ka l  i 
plant   loca ted   there .   P lan t   d ischarges   a re  now s i g n i f i c a n t l y  reduced,  and, i n  
f a c t ,   t h e   r e s u l t s   o f   e n v i r o n m e n t a l   m o n i t o r i n g   o f   t h e   a r e a   i n d i c a t e   g e n e r a l l y  

improved  condit ions  (Environment Canada, unpublished  data). However, dredging 

a c t i v i t i e s   n e a r   t h e  head o f   t h e   i n l e t   c o n t i n u e   t o  expose  and  remove m a t e r i a l  

conta in ing  substant ia l   mercury  concentrat ions.  l o  I n   a d d i t i o n ,   t h e   s p o i l s   a r e  

i n  a reduced  state and a re   genera l l y   h igh l y   o rgan ic   ow ing   t o   t he   l a rge   i npu t  

o f  wood wastes  f rom  ad jacent   forest   products   indust r ies.  Such cond i t i ons  

appear t o  be i d e a l   f o r   t h e   e v o l u t i o n   o f   m e t h y l  mercury. The experimental 

work will examine the   chemica l   na ture   o f   the   mercur ic  compounds i n  the  

d r e d g e d   m a t e r i a l ,   t h e i r   p o t e n t i a l   f o r   r e l e a s e  and release  pathways t o   t h e  
aquatic  environment, and t h e i r   p o s s i b l e   i m p a c t  upon resident  benthic  communit ies.  

F ina l ly ,   Env i ronment  Canada i s   i n v o l v e d   i n   s t u d y i n g   t h e  whole  problem 

o f  d isposa l   o f   d redge  spo i l s   con taminated   w i th   fo res t -p roduc ts   indus t ry  

wastes.  These h i g h l y   o r g a n i c   r e s i d u e s   u s u a l l y   e x h i b i t  a s u b s t a n t i a l   b i o -  

chemical  oxygen demand (BOD) , and may, th rough  the   p roduc t ion   o f   anox ic  
cond i   t ions  , generate  hydrogen  sulphide , mercaptans , ammonia, and o t h e r  
organic  compounds. 

I n  an e f f o r t   t o   i d e n t i f y  more o f   t h e   f a c t o r s   c o n t r i b u t i n g   t o  

the   degradat ion   o f   o rgan ic   mater ia ls ,  as w e l l  as es tab l i sh ing   degradat ion  

rates  for   the  var ious  types  o f   mater ia ls   encountered and the  breakdown 

products  generated,  several   projects have  been  developed. The first will 
examine t h e   a b i l i t y   o f  wood-boring  molluscs t o   c o l o n i z e  and  breakdown var ious 

woods. A second p r o j e c t  will invo lve   the   chemica l   ana lys is   o f   degradat ion  
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products  derived from a variety o f  dredged materials  containing  organic  debris 
(e.g.,  bark,  fibre, p u l p  mill sludges,  etc.). This work will be  done through 
the use o f  lysimeters  designed t o  simulate  as many o f  the in a L t u  conditions 
as possible. A t h i r d  project  will  evaluate the acute  lethal  responses o f  

selected marine invertebrates  (e.g., shrimp or  polychaetes)  to the leachates 
generated from the  lysimeter  experiments. 

The results of a l l  the aforementioned studies  should  contribute  to 
Environment Canada's knowledge o f  the  enti  re dredging picture. I n  particular,  
i t  i s  hoped that  they  will  result i n  better assessments  being made respecting 
the problems o f  organic-material  disposal. 
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