
I+ Fisheries and Environment 
Canada 

E nvf ronmental Protection 

Peches et envlronnement 
Canad a 

Protection de l
1
environnement 

Ocean Dumping: 
The Canadian Scene 

Surveillance Report 
E PS 8 - PR - 77- 1 

Pacific Region 
Fe b r u a r y I 9 77 



ENVIRONMENTAL PROTECTION SERVICE REPORT SERIES 

Environmental Impact and Asssessment Reports provide a review 
of potential or actual consequences of a project or undertaking. 
Reports on environmental emergencies are included in this category. 

Other categories in the EPS series include such groups as 
I 

Policy and Planning; Economic and Technical Review; Technology 
Development; Regulations, Codes and Protocols; Surveillance; and 
Briefs and Submissions to Public inquiries. 

Inquiries pertaining to Environmental Protection Service 
Reports should be directed to Environmental Protection Service, 
Department of Fisheries and the Environment, Kapilano 100, Park 
Royal, West Vancouver, B.C. V7T 1A2. 

' 



OCEAN DUMP ING: 
THE CANADIAN SCENE 

by 

Richard A.W. Hoos 

Environmental Protection Branch 
Environmental Protection Service 

Pacific Region 

Report EPS 8-PR-77-1 
February, 1977 



- i -

ABSTRACT* 

Suitable land disposal sites are exceedingly limited on the 

west coast of Canada, and they are expected to become more scarce in the 
future. In consideration of alternative locations for disposal, increased 

interest is being directed towards the marine environment. On December 13, 

1975, the Ocean Dumping Control Act was proclaimed. Environment Canada 
was designated to administer the new legislation, which includes a permit 

system through which the major controls are exerted. 

To date, in excess of 90% of all ocean dumping applications 
processed have involved the disposal of dredged materials. Much of this 
dredgeate originates from the diversified forest products industries, some 

of which are located in areas already contaminated with other industrial 
wastes. The resultant materials are generally found to be high in organic 
content, and are occasionally found in association with other pollutants, 

such as mercuric compounds. 

In the past year, Environment Canada has expended considerable 

effort evaluating the physical and chemical fates of dredgeates dumped into 
unconfined marine areas, and their subsequent effects upon the resident 

ecosystems. Preliminary conclusions include the following: that the 
environmental impact of ocean disposal upon the water column is generally 

short-term and minimal; that most of the pollutants contained in the 
dredged materials tend to remain bound in the sediments; that the greatest 
impact appears to be localized on the bottom in the vicinity of the dump

sites; and that the degree and duration of effects are site-specific and 
generally related to the prevailing oceanographic conditions. 

* This paper was presented at the Pacific Northwest Pollution Control 
Association Conference held in Seattle, Washington in October 1976. 
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HESUME 

Les ter rains convenant <iux d6 c lwr<1cs publiqucs sont tres 

pcu nombrcux s ur l a c(,tc ouest du Ca1wda c· 1-_ tout indiquc qu' il s se 

feront de plus en plus rares. La r echerc he Je solutions de r ech ange 

i1 men6 le s inte r es:_:G s ~ consiclercr le mili e u marin. Le 13 d6cembre 

1975, on adoptait l a Loi sur l'immersion des d6chets en mer. 

Environnemen t Cunacla se vit charge de fai re appliquer cctte loi, 

qui prevoit un syst6me d e permis pour effectuer les contr6le s lc s 

plus impor t a nts. 

Jusqu'a p resent, plus de 90 p. 100 des demandes d' immersion 

avaient pour ob j e t des detritus dragu6s. Une grande part ie de 

ces dechets provicnt de l'industrie des produits fore stiers dont 

certa ines installations se situent dans des regions d e j a contarninees 

par d' a utres rebuts indus tricls. Ces d e tritus conticnne nt gen6ra l ement 

Wl t aux eleve de matiere organique et sont parfois me l 6s a d' autre s 

subs t a nces polluantes telles que l es composes mercuri e ls. 

Au cours d e l' ann ee ecoulee, Env ironnement Canada a f ait 

de s efforts consid6rab l cs pour estimer l es transformations physiques 

et chimiques que subissent les detritus d e verses dans des zones 

marines i~p r6 cises e t leurs incidences sur les ecosyst~mes d u milieu. 

Voici les prcmi~res cons t atations: le s repercussions ecologique s 

de l 'imrncrsion des d6chets d a ns l'ocean sur la massc d'e a u verticale 

sont g6n6ralement peu irnportantes e t de courte duree; l a plupart 

des substances polluantes qui se trouvent dans l es detritus dragu6s 

tendcnt a r es ter emprisonn6cs dans lcs seclimcnts; les repercussions 

les plus importantcs semblent sc manifestcr sur le fond marin , ~ 

proximit6 des lieux de d6charge et, finalement, l'importancc ct la 

dur6e des cffcts varicnt selon les emplacements et sont gGn~ralement 

lies aux conditions oc6anographiqucs. 
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INTRODUCTLON 

On December 13, 1975, the Ocean Dumping Control Act was 

proclaimed by Canada. This legislation regulates the ocean disposal 

of most types of materials from ships, aircraft, and platforms operating 

in Canadian territorial or internal waters, and all Canadian vessels 
anywhere in the world . The only exceptions are disposal that is incidental 
to, or derived from, the normal operations of a ship or an aircraft, and, 
discharges that are incidental to, or derived from, the exploration fo~ 
exploitation of, and associated off-shore processing of sea-bed mineral 
resources. 

Environment Canada was designated the lead agency to administer 
the provisions of the Act, including the establishment and operation of a 
permit system to regulate the loading (for the purposes of dumping) and the 
disposal of wastes at sea. Permit applications respecting the Act are pro
cessed through Regional offices of the Environmental Protection Service 
located in Vancouver, British Columbia; Edmonton, Alberta; Montreal; Quebec; 
and Halifax, Nova Scotia (Figure 1. ) During the initial 10 months of its 
administration, a total of 167 permit applications have been . received and 
processed. Many more are in preparation and several have been screened 
out prior to the application stage. Table 1 summarizes the distribution 
of applications by Region and type of material considered for disposal. 

Table 1 SUMMARY OF OCEAN DUMPING CONTROL ACT PERMIT APPLICATIONS 
PROCESSED BY REGIONAL OFFICES 

Atlantic Pacific Quebec Northwest 

Dredged material 88 50 19 0 

Chemical wastes 0 2 0 0 
Scientific experiments 3 0 0 
Fish wastes 0 0 0 
Miscellaneous 2 2 0 0 

Subtotal 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 of the dredging requirements 

result from natural sedimentation processes and subsequent infilling 

of navigation channels, harbours, and dock areas. 

However, particularly on the west coast, much of this material 

results from the deposition of wood wastes generated by the variety of 

activities associated with the forest products industry. In some cases 
these industries are located in areas already contaminated with other 
industrial wastes. The resultant dredgeates are generally found to be 

high in organic content, and are occasionally found in association with 

other pollutants, such as mercuric compounds and other heavy metals. 

In order to assist in assessing and processing permit applications, 
Environment Canada has expended considerable effort evaluating the physical 
and chemical fates of dredgeates dumped into unconfined marine areas, and 

their subsequent effects upon the resident ecosystems. The main purposes 
of this discussion are to describe the problems of dredged material handling 

and disposal, particularly as applied to the west coast of Canada, and to 
review, in 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, etc . , is a continuing and essential requirement of most 

coastal areas. In British Columbia, dredging is carried out by all con
ventional types of equipment including pipeline suction plants, suction 

hoppers, clamshell dredges, and other bucket-dredge operations . At the 

present time, the use of suction - type equipment is generally restricted 
to the lower portions of the Fraser River and Vancouver harbour where 
the sediments are relatively homogeneous and, therefore, suitable for 

suction removal. This dredged material, comprised mostly of sand, is 
regularly spoiled to approved landfill sites for subsequent use as found

ation fill. When deemed unsuitable or unnnecessary for this purpose, it 
is often discharged to deeper waters in the vicinity of the dredge site. 

With the advent of the Ocean Dumping Control Act, some of these latter 

activities are now regulated by the new legislation . 

Clamshell and other bucket operations generally involve smaller 

volumes of mat~rial than those handled by suction methods and/or bottom 

sediments mixed with wood rubble and other forms of debris which make suction 
dredging difficult or impossible to carry out. Since the reach of the 
stationary cranes is generally not sufficient to permit side-casting into 

deeper water or onto land, the spoils are usually dumped into barges or 

scows for removal to a suitable location. Unfortunately, it is these 

materials, which frequently originate near wood products and other industries, 

that contain high levels of organic substances and, often, other pollutants 

as well. 

This material is generally not suitable for construction purposes 

because of its chemical composition and unclassified nature. In British 

Columbia, the problem is compounded by the fact that land disposal sites are 

often simply not available owing to the rugged topography . Alternatively, 
where flat land near the shore is available it is often situated at the head 

of an estuary. Estuaries in general, and those of British Columbia in 

particular, are considered to be exceedingly critical to the wildlife, 

fisheries, and other natural resources of the coastal zone . In the past, 
and even now, significant areas of many of these estuaries are being 
covered over with dredge spoils, hogfuel, and general refuse, etc . , in 
addition to sustaining other development pressures. 
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Investigations of some of the larger and/or more critical 

land-dump sites by Environment Canada, other regulatory agencies, and 

private industry have demonstrated that very few sites satisfy the basic 

criteria required to ensure minimal deleterious impact upon the terrestrial 

and adjacent aquatic environments and their associated ecosystems. With 

the shallow, often tidal, groundwater- table levels normally characteristic 

of the estuarine areas , and the high incidence of precipitation along the 

coast, the generation of highly toxic leachates has become a regular and 

continuing feature of many disposal sites . Compounding the problem is the 

fact that, more often than not, these leachates end up flowing into nearby 

shallow freshwater and/or intertidal marsh ecosystems which often harbour 
the most sensitive , critical life stages of many of the endemic natural 

resources. 

With landfill options being therefore , very limited, it is not 

surprising that increased interest is be i ng directed toward the mar i ne 

environment as a potential receptor for dredged materialso In this regard , 

British Columbia appears to be in a relatively fortunate position. The same 

geological features that have limited land disposa l possibilities provide a 

multitude of fjord- type marine inle t s with wate r co l umn depths in excess 

of 200 meters. Concurrently , the hi gh levels of precipitation characteristic 

of the coastal zone are reflected in the large numbers of rivers and streams 

flowi ng into many of these inlets , thereby establishing and maintaining 

strong circulation patterns within the fjord systems . These conditions, 

where they exist, appear to provide suitable marine disposal options . 

On the other hand , some of the fjords ha rbouring industries 

have shallow s ills sepa rating the open ocean from the inlets• heads , 

where the industries are generally located . Under these circumstances, 

water column circulation may often be restricted below si ll depth in the 
inner basins , resulting in conditions which may not be conducive to the 
disposal of organic or other polluted waste , includ i ng dredge spoils . 

Oceanographic and biological investigat i ons have been carried 

out at a variety of geograph i cal locations encompassing the range of physical 

oceanographic conditions encounte red on the west coast of British Columbia . 
Experience has led researchers to conclude that the prima ry environmental 
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requirements for mitigation of the key impact of organic waste disposal 

is a continual, sufficient supply of dissolved oxygen . The presence of 
sufficient oxygen usually permits the chemical oxidation and degradation 

of organics , while restricting the generation of hydrogen sulphide and 

other noxious compounds to below the sediment/water interface. The presence 
of oxygenated water above the sediment has also been found to permit coloni
zation of exposed organic materials with fungal and/or bacterial growths, wood

boring bivalves, polychaetes, crustacea, etc. The ability of larger organisms 

to establish residence under these conditions promotes degradat i on processes, 

an attribute which is generally considered to be desirable . 

When situations of poor circulation and low dissolved oxygen 

conditions (e .g., Alberni Inlet 1
) are compounded by the nearest potentially 

suitable marine disposal site being located at a considerable distance 

(>30 miles) from the dredge site, and land-disposal facil it ies being non 

existent, serious environmental and/or economic repercussions may result . 

Under these conditions Environment Canada's approach has been to minimize 
the surface area exposed to the water column by confi ni ng the dumping ground 

to as small an area as possible . In addition, when it has been feasible 
(e.g., Howe Sound and Port Alberni, Figure 2) , exposed organic materi al has 

been buried with clean dredge spoils, such as sand, gravel , etc . This 

procedure serves to seal polluted materials below a non- contaminat ed layer. 2 
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3 RESEARCH ACTIVITIES 

Prior to 1973, there was relatively little definitive informa

tion on the environmental impact of dredgeate disposal in unconfined marine 

areas. At about that time the U.S. Army Corps of Engineers was authorized 

by Congress to carry out a comprehensive nationwide program of research 

associated with all environmental aspects of the Corps dredging programs. 3 

The 30 million dollar 11 Dredged Material Research Program 11 was assigned to 
the Waterways Experiment Station (Vicksburg, Mississipp i ). As a result 

of this major and most significant undertaking, tremendous research inroads 

have been made into the field of dredged material handling, disposal, reuse, 

etc. 

Recognizing the nature and extent of the American program, 

but also realizing that certain aspects of the dredged material disposal 
problem in Canada were different, Environment Canada initiated a series of 

studies to investigate those problems which were unique to Canada's coasts 
or, which were in particular need of prompt resolution . 

Initially, an extensive field program was carried out at one of 

British Columbia's largest active dump sites currently in use. 4 This parti

cular location, Point Grey (Figure 3), had been used mainly for the disposal 

of dredged material from the lower Fraser River and Vancouver harbour. 

Currently, approximately 500,000 cubic yards (383,000 m3
) of material per 

year are deposited at this site, which has a mean water depth of 250 metres. 
The program investigated many components of the receiving environment , including 

the water column, the water-sediment interface, and the sediments, as well as 
examining the organisms inhabiting these zones. Water-bottle casts, benthic 

grab and core sampling, beam trawls, and manned submersible visual and 

photographic procedures were among the assessment techniques employed . 

The general results and preliminary conclusions of this work were presented 

at the 7th World Dredging Conference, San Francisco. 4 As would be expected, 
the main impact was on the bottom , through burial of benthic organisms 

and the introduction of new and different substrates , e.g . , gravel, rock, 
wood debris, etc. Summarizing, the researchers concluded: 
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"that the -0ile appe.Me.d to be -0tU;table. 6oJt the oc..e.an fupo-0al 
c•n ;Lhe WM.tu in quution., and that the de..lete.Jt,{_oUJ.i hripac..U 

upon the Jtuide.n..t biologic.al c..ommun..{;t,{_u weJte m-i.n.-Lmal. Howe.v eft, 
c.Me6ul c..ori:tinue.d J.iuJtvUilanc..e and mondoJt-i.ng 06 .t~ Me.a will 
be Jte.qu,iAe.d in oJtde.Jt to eMuJte that dumping -i.J.i c..awe.d out whefte 
duignate.d, -0,i,nc..e. a valuable. .tJtawl 6-i.J.iheJty ex.-i.J.it.J.i in the wate.M 
be.tween the dump-Ode and the Cily 06 Vanc..ouveft. It will al-Oo 
be ne.c.u-0My to eMUJte that £.evel-0 06 c..hem-i.c..al c..on..tam-i.nation 06 
the -0 efuent.J.i and Jtuide.n..t oJtgan-i.-Om-0 Jte.ma-i.n at oft below c..uMe.n..t 
level-0". 

As a follow-up to this work and in order to determine the response 
of organisms to altered substrates, choice test experiments were carried 
out with eight species of benthic invertebrates. 5 The species tested 
included two echinoderms, BWM.teJt fati6JtoM and C~do.ta lae.v-i.J.i; five 
crustaceans, Canc..eft magi-OteJt, Mun.-i.da qua~pina, PandalM danae. , CJtangon 

alMQe.M-i.J.i, CoJtophium -0almon-i.-0; and the bivalve, Mac..oma inc..onJ.ipic..ua. The 
natural and altered substrates tested included mud , sand, rocks, wood chips, 
wood debris, and polluted sediments obtained from close to pulp mills . The 
study revealed that: 

"The unnatuJtal -0ub-0.tJtatu Wefte. U-Oualiy lu-0 pJte.6e.Me.d by buMowing 
anhrial-0, although in Mme c.a.-0u no pJte6eftenc..u weJte -0hown be.tween 
Mtifl,lual and natuJtal -0ub-0.tJtatu. Mobile e.pi6auna Wefte. a.t.tJtac...te.d 
.towaJtd hMd -0uJt6ac..e. (wood de.bw, Jtoc..~). Bec.a.U-Oe oi) the pJte.6eft
e.nc.u and Meld fu.tJt-i.butioM, the Jtuult.J.i 06 the -0.tudy indic.ate.d 
that la.Jig e c..hang u in the natuJte. o 6 a -0 ub-0.tJtate. M a JtU ult o 6 
dumping will a66e.c.t the abundanc..e. and -0pe.c.,Lu c..ompo-0ition 06 
be.n..thic.. c..ommun..{;t,{_u . " 5 

These conclusions are consistent with in -0ilu submersible observations 
of actual dumpsite conditions ~ 

Sampling and chemical analysis of dredge spoils originating 
from industrialized areas such as False Creek (Vancouver harbour) and 
Squamish (Howe Sound) have resulted in further investigations into certain 
chemical and biochemical reactions in the dumpsite environment. From a strictly 
chemical standpoint, most of the recent research~7 has shown that metals, 

pesticide residues , and most other toxic components generally remain tightly 
· bound to the sediment fractions, rather than being released to the water 

column. This has been particularly true under oxygenated conditions, 
which represent the normal circumstances experienced at most marine dump 
sites. 
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Environment Canada's chemical experiments utilized a modified 

form of the U.S. elutriate test. 8 Sediment samples, at a 1:2000 sediment
to-seawater ratio, were maintained under stirred and unstirred conditions 

for 17 days while subsamples were regularly withdrawn for trace-metal 

analysis, including lead, copper, zinc, cadmium, and mercury. 9 Sample 

processing and analyses were carried out in an ultra clean laboratory equipped 

with air-filtration, thereby minimizing the potential for contamination. 

The following summarizes the general results of this work which was carried 

out by Dr. C.S. Wong of the Fisheries and Marine Service: 

"Ivt ge.nVtal, ill the. me.tw e.x.amine.d appe.a.Jr..e.d to be.have. quJ..te. 
inde.pe.nde.ntly 06 one. anothVt and undeJWJe.nt ma.Jr..ke.d 6lu.c;tuationo 
ovVt the. .otudy time. pruod. Vi-6.oofve.d zinc. .ohowe.d a Jr..apid 
initial te.mpoJr..aJr..y inc.Jr..e.a.o e. with a .olowVt inc.Jr..e.a.o e. oc.c.uJr..Jr..ing 
a6tVt .oix. houJr...o . The. .otiJr..Jr..e.d bottle. appea.Jr..e.d to give. zinc. 
c.onc.e.nt!tationo an oJr..dVt 06 magnitude laJr..gVt than the. unotiJr..Jr..e.d 
bottle.. Co pp Vt c.o n.c.e.nt!tatio n. .o howe.d an ,{_Jll.itial .o p,{fz.e .o,{m<la.Jr.. 
to that 06 z,{_nc., but willun on.e day the. le.vw had 6ille.n 
be.low the. initial vafue..o. A .olow ,{_n.c.Jr..e.a.o e. oc.c.UJr..Jr..e.d ovVt the. 
Jr..e.main.,{n.g t,{me. pruod. Cadm,{um c.onc.e.ntJr..ation. .ohowe.d an ,{_Jll.itiaf 
.opifz.e ,{_n. both the. bf.an.fl and unotiJr..Jr..ed bottle.. Le.ad be.have.d 
quJ..te. di66e.1te.ntly, e.x.h;_bitin.g an. in.,{tiaf 6oUJr..6old ,{_nc.Jr..e.a.oe. ,{_n. 
d!toppin.g bac.R. afmo.ot to the. ;_~ le.ve.l.o with,{n. a day . MVtc.UJr..y 
c.on.c.e.nt!tation. al.oo ,{n.c.Jr..e.a.oe.d by a 6ac;toJr.. 06 6ouJr.. but appe.a.Jr..e.d 
to tafz.e. a day to do .oo. A6te.1t .o,{x. day.o, the. fe.vw had 
d!toppe.d bac.R. afmo.ot to the. in.,{tiaf vafue..o. The..o e. an.d othVt 
metal Jr..e.le.a.o e. e.x.pVtime.n.t.o have. un.dVtf,{n.e.d the. di6 b,{c.ul:tie..o 
involved, an.d the. attention. that mu.ot be. paid to othVt pa.Jr..ame.teM 
Mlc.h a.o .o alinily, te.mpVtatUJr..e. an.d pH . A gJr..e.at de.al o 6 c.a.Jr..e. i.o 
1te.qui1Le.d both ,{_n e.x.pVtime.nt de..oign. and inteJLpJr..e.tation.. " 9 

Unfortunately, the specific concentrations of the various elements 
examined were not available for presentation at this time, but it is fair 

to say they they were generally minute (i.e., often in the part per trillion 

range). Work of this nature is continuing, but the preliminary results would 

tend to confirm the fact that direct chemical releases of trace metals 
to the receiving water do not present an immediate toxicological threat 
to marine organisms . 

However, when considering the long term , ultimate fate of these 
pollutants, little research appears to have been conducted on the effects 

of biological action upon contaminated dredge spoils and/or the potential 
for bioaccumulation of toxicants within marine food chains. In this 

regard, under the direction of the Fisheries and Mar ine Service, several new 
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studies have recently been initiated. One such program involves the collection 

of certain organisms from the Point Grey area and a "control" site located 
approximately 12 km north of the Point Grey dump site in the Strait of 

Georgia. Species included are the sea cucumbers, Mofpaclta ~nte.Jr.meclta and 
~YU!r.,{_dota faev,£..6; the heart urchin, B.tUf..cuteJt f~6~oVl!.>; and the polychaete, 
T~av,£..6~ b~ev,£..6. The primary objective of this survey will be to measure 
the levels of heavy metals (and possibly pesticide residues) in the tissues 
of the test species in an effort to determine bioaccumulation potentials. 

Another project recently begun concerns the problem of mercury 
in dredged material. Historically, the upper end of Howe Sound became 
contaminated with mercury as a result of discharges from a chlor-alkali 
plant located there. Plant discha rges are now significantly reduced, and, in 
fact, the results of environmental monitoring of the area indicate generally 
improved conditions (Environment Canada, unpublished data). However, dredging 
activities near the head of the inlet continue to expose and remove material 
containing substantial mercury concentrations. 10 In addition, the spoils are 
in a reduced state and are generally highly organic owing to the large input 
of wood wastes from adjacent forest products industries. Such conditions 
appear to be ideal for the evolution of methyl mercury. The experimental 
work will examine the chemical nature of the mercuric compounds in the 
dredged material, their potential for release and release pathways to the 
aquatic environment, and their possible impact upon resident benthic communities. 

Finally, Environment Canada is involved in studying the whole problem 
of disposal of dredge spoils contaminated with forest-products industry 
wastes. These highly organic residues usually exhibit a substantial bio
chemical oxygen demand (BOD), and may, through the production of anoxic 
conditions, generate hydrogen sulphide, mercaptans, ammonia, and other 
organic compounds. 

In an effort to identify more of the factors contributing to 
the degradation of organic materials, as well as establishing degradation 

rates for the various types of materials encountered and the breakdown 
products generated , several projects have been developed. The first will 
examine the ability of wood-boring molluscs to colonize and breakdown various 
woods. A second project will involve the chemical analysis of degradation 
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products derived from a variety of dredged materials containing organic debris 
(e.g., bark, fibre, pulp mill sludges, etc . ). This work will be done through 
the use of lysimeters designed to simulate as many of the in ~..L:tu conditions 
as possible . A third project will evaluate the acute lethal responses of 
selected marine invertebrates (e . g. , shrimp or polychaetes) to the leachates 

generated from the lysimeter experiments. 

The results of all the aforementioned studies should contribute to 

Environment Canada's knowledge of the entire dredging picture . In particular, 
it is hoped that they will result in better assessments being made respect i ng 
the problems of organic-material disposal. 
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