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ABSTRACT
The Environmental Sciences Group (ESG) of Royal Roads Military College, in
consultation with the Environmental Protection (EP) Pacific and Yukon Branch of
Environment Canada, is conducting an environmental study of Esquimalt Harbour,
British Columbia. This report documents the results of Part I of this investigation
and considers sediment contamination and associated contaminant uptake in
mussels, Mytilus trossulus, and Red Rock crabs, Cancer productus.
Contaminant concentrations in sediments provide an appreciation of the overall
health of the harbour. Spatial distributions of contaminants (i.e. contaminant
locations), together with historical data, permit the identification of current and
past contaminant sources. Surface sediment samples were collected from 24
stations (locations) in basin areas of the harbour, as well as from 26 stations, close
to the shoreline, in proximity to possible contaminant inputs. Inorganic elements
(arsenic, cadmium, copper, lead, mercury and zinc), polychlorinated biphenyls
(PCBs), polycyclic aromatic hydrocarbons (PAHs), and tributyltin were found in
some sediments at concentrations which exceeded natural or background
concentrations by one to three orders of magnitude. Sediment contaminant levels
were highest in Constance Cove - particularly near major ship construction,
maintenance and repair facilities; elevated concentrations were also found near
jetties in the western harbour. Contaminant levels were lower toward the center
and northern portions of the harbour, and toward the harbour mouth.
The majority of the results were similar to contaminant concentration ranges for
sediments from other urbanized/industrialized areas such as Vancouver Harbour
and portions of Puget Sound. Maximum concentrations of PCBs, PAHs and
mercury in Esquimalt Harbour were high, however, even in comparison with these
other major harbours. It would be valuable to compare the Esquimalt results to
marine sediment quality criteria or guidelines that could predict the environmental
consequences or impact associated with the determined values. Unfortunately,
there are currently no such criteria which have found universal acceptance. It
should be noted, however, that contaminant concentrations in several of the
Esquimalt Harbour sediment samples exceed existing U.S. and proposed
Tissue levels of several inorganic
Norwegian criteria/standards/guidelines.
elements, PCBs and PAHs in mussels and Red Rock crab leg muscle or
hepatopancreas indicate that the higher contaminant concentrations in Constance
Cove are accompanied by increased biological uptake. Environmental impact
associated with the sediment contamination can therefore be expected.
Part II of this study, currently in progress, will directly examine contaminant
effects on bottom-dwelling organisms in Esquimalt Harbour. Collectively these
reports will provide the first comprehensive environmental evaluation of any
harbour in the Greater Victoria region.
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EXECUTIVE SUMMARY
Esquimalt Harbour is one of several industrialized, urbanized harbours on the
west coast of Canada. Interest by local citizens prompted the Environmental Sciences
Group (ESG), Royal Roads Military College, to examine the environmental health of the
harbour. This study was undertaken on behalf of the Director General Environment,
Department of National Defence, in consultation with Environment Canada (Chris
Garrett and Darcy Goyette, Environmental Protection, Pacific and Yukon Region) which
also shared both ship time (for sampling) and analytical data.

The harbour's history was examined, with a particular emphasis on
contaminant sources (see Chapter 2: Historical Overview). Industrial activity has taken
place along the shoreline of Esquimalt Harbour since the mid-1850s. Ship building,
maintenance and repair have been carried out in Constance Cove for over one century,
and the Naden dry dock at Canadian Forces Base Esquimalt is the oldest operating dry
dock on the west coast of North America. Currently, there are three dry dock/ship repair
facilities in Constance Cove of Esquimalt Harbour: the Public Works Graving Dock on
the north shore; Yarrows Shipyard on the southeast shore; and Naden Dry Dock on the
southwest shore. A variety of industrial activities have taken place at all of these
facilities, including the sandblasting and application of antifouling paints which contain
inorganic element and organotin toxicants, metal foundry and forging, maintenance of
electrical transformers, use of diesel, coal, and other petroleum-based products, et cetera.
The Department of National Defence also makes extensive use of shoreline areas on the
western shoreline of Esquimalt Harbour, including the D-jetty area for general
maintenance of naval equipment and F-jetty which is the major fueling jetty for Naval
vessels. Operation of a commercial sawmill on the northern shore of Plumper Bay has
introduced pentachlorophenol to soil and ground water. Extensive log boom storage in
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Plumper Bay and in large areas of the upper harbour has lead to the deposition of wood
waste on the seabed, debris accumulations are greater than one meter thick in some areas.
Map 1 provides a visual summary of some of the major shoreline activities/facilities these are all possible sources of chemical contamination to Esquimalt Harbour.

The majority of chemical contaminants that are introduced to aquatic
environments are eventually deposited within bottom sediments. Contaminant levels
in sediments are, therefore, a useful record of inputs over space and time. This
report identifies contaminants of concern in the seabed of Esquimalt Harbour, and
assesses the 'overall health' of the harbour in terms of the magnitude of sediment
contamination (see Chapter 3: Marine Investigations). The spatial patterns of
sediment contamination were further interpreted in order to identify shoreline
contaminant sources. The concentrations of contaminants in marine organisms such
as Red Rock Crabs or Mussels were examined to assess the "bioavailability"; i.e.,
the tendency of contaminants in the sediment and water to enter living organisms,
and thus exert impacts.

The ESG collected sediment samples in Esquimalt Harbour during three sampling
programs that took place between September 1991 and October 1992: 26 stations in near
shore areas near specific shoreline activities/inputs, and 24 stations in the harbour basin.
Sediment cores and bottom-dwelling marine organisms were also collected. Considerable
contaminant data have been acquired from independent Environment Ca~ada __cruises;
these were made available by Chris Garrett (Head, Toxic Chemicals Evaluation Division,
Environmental Protection Service, Vancouver).
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Map 1: Shoreline Activities/Facilities which are Possible
Sources of Input to Esquimalt Harbour.

crab
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The wide range of human activities that have occurred in and around Esquimalt
Harbour required samples to be screened for a large range of contaminants. Sediment
samples were analyzed for inorganic elements (arsenic, cadmium, chromium, cobalt,
copper, lead, manganese, mercury, nickel, zinc), polychlorinated biphenyls (PCBs),
polycyclic

aromatic

(PAHs),

hydrocarbons

dioxins/furans,

chlorophenols,

chlorinated pesticides, organotins, and phthalate esters. A rigorous quality
assurance/quality control program was used to ensure the reliability of the data.

Contaminants

that

were

substantially

higher

than

"background

concentrations" (by one to three orders of magnitude; see Chapter 4: Contaminants
in Sediments) over large areas of the Esquimalt Harbour seabed included -

•

the inorganic elements arsenic (max. 560 parts per million - ppm), cadmium
(max. 3.6 ppm), copper (max. 2,200 ppm), lead (max. 990 ppm), mercury
(max. 14 ppm) and zinc (max. 3,800 ppm);

•

PCBs (up to 4,600 ppb);

•

PAHs (up to 102,000 ppb); and

•

tributyltin (up to 69,000 ppb).

Chlorophenols, chlorinated pesticides, and dioxins/furans either were not detected
at concentrations above the analytical detection limits, or were not found in seabed
samples at concentrations above expected background levels.
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The spatial distribution of the major contaminants indicated that -

Constance Cove sediments had the highest contaminant concentrations in the
harbour. Contaminant levels decreased toward the main basin, toward and
beyond the harbour mouth, and (excluding cadmium) toward the upper
reaches of the harbour. Contaminated areas were also found near DND's Djetty and F-jetty, on the western shore of the harbour.
•

Concentrations of all contaminants of concern tended to co-vary in sediment
samples; i.e., sediment samples that contained high concentrations of one
contaminant also contained elevated levels of a large suite of substances.
Ship building, maintenance and repair activities have resulted in inputs of
used sandblasting grit, transformer fluids, and other petroleum products at the
three dry docks/ship maintenance facilities. The highest contaminant
concentrations were generally found in near shores sample collected at the
entrance to the Public Works Graving Dock. Locally-elevated concentrations
of many of the contaminants were found near the Yarrows Shipyard, near
DND's Dockyard, and near D-jetty.

•

Contaminant inputs from other shoreline areas in Esquimalt Harbour were not
detected, at least on the sampling scale employed. No local elevation of any
substance was detected, for example, near DND's fire training area, historical
munitions storage areas, DND's Fleet Maintenance Group building at
Dockyard (where I.ead, copper, zinc and mercury contaminated soils were
recently found), or in Plumper Bay near the pentachlorophenol-contaminated
sawmill site. This does not negate the possibility that these and other shoreline
activities/inputs also contribute potentially deleterious substances to the
harbour; but, the contaminant inputs from the ship maintenance facilities in
Constance Cove and near D-jetty overwhelm other possible inputs on a
harbour-wide scale.

The spatial distribution of copper, provided as Map 2, illustrates some of the
above points.
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Sediment cores provided evidence of historical variations of contaminant input.
Contamination by PCBs, for example, tended to be limited to the upper 15 to 20 em of
sediment in three cores. This vertical distribution is consistent with the commencement
of PCB manufacturing in the 1930s to 1940s, and with the curtailment of use more
recently (1970s). Most PAHs were also concentrated in the upper 15 to 20 em of
sediment; however, several of these compounds were found deeper in the sediment than
PCBs (down to 30 em), consistent with a longer history of environmental input (e.g., use
of coal in earlier days).

Contaminant inputs have also resulted in the uptake of some contaminants
by Mussels, Mytilus trossulus, and Red Rock Crabs, Cancer productus (Chapter 5:
Contaminants in Marine Animals). Mussel tissue levels of several inorganic elements
were high in comparison with concentrations in other coastal regions in North America.
The crab tissue data confirm that there are no discernible dioxin/furan inputs from local
sources in or around the harbour.

A major problem with any marine assessment of this type is the difficulty in
defining contaminant levels in marine sediment which are deleterious to plant and animal
assemblages over long periods of time (i.e., chronic effects). Canadian regulatory
practice favours site-specific evaluations of ecosystem impact as opposed to prediction of
impact by means of extrapolation from other studies, or collections of studies. Sediment
quality criteria, however, such as the Washington State Department of Ecology Sediment
Quality Criteria or proposed Norwegian criteria (Chapter 6: Implications) provide some
guidance in predicting ecological effects based on seabed contamination. If the available
sediment quality criteria have predictive value, a comparison of the concentrations of
PAHs, PCBs, mercury, and some other inorganic elements to the available sediment
quality criteria suggests that portions of Constance Cove sediments may be highly
IX

impacted. The ranges of contaminant concentrations are not, however, atypical in
comparison with sediments from other urbanized, industrialized marine harbours such as
Vancouver Harbour or metropolitan areas of Puget Sound.

Overall, this study shows that extended areas of surface sediment within
Esquimalt Harbour contain several inorganic elements, PCBs and PAHs at levels
which

are

substantially

elevated

over background

concentrations.

The

identification of contaminant sources will assist with ongoing improvements in
source-control in the harbour. A separate study (in progress) will directly assess the
impact of sediment contamination on bottom-dwelling organisms and biological
communities in Esquimalt Harbour. Collectively, the studies will provide a basis for
improvements in harbour management, and

will be the first comprehensive

environmental evaluation of any harbour in the Greater Victoria region.
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1.

INTRODUCTION

1.1. General

Esquimalt Harbour, near the southern tip of Vancouver Island, is one of several
urbanized, industrialized harbours in British Columbia. The use of Esquimalt Harbour by
non-indigenous groups predates the mid-1800s. The long and varied use of the harbour
may have caused adverse changes to the marine environment.

Indeed, many other

European and North American harbours exhibit chemical contamination and associated
impact as a consequence of anthropogenic 1 inputs.

Some Canadian harbours have been studied extensively in order to ascertain the
health of the local marine environment. For example, Vancouver Harbour and Burrard
Inlet on the British Columbia mainland were investigated in the late 1980s (Goyette and
Boyd, 1989). An extremely high frequency (59%) of liver lesions in bottom-dwelling
English sole were found in Port Moody Arm of Vancouver Harbour, where bottomsediments exhibited substantially elevated concentrations of polycyclic aromatic
hydrocarbons and various metals (Goyette et al., 1988). Halifax Harbour, the major port
on the east coast of Canada, has received discharges from a wide range of naval,
industrial, and residential activities for more than a century. Studies by Buckley and
Winters (1992) and Gearing et al. (1991) provide a detailed understanding of the
distributions of chemical contaminants in Halifax Harbour sediments.

High

concentrations of organic carbon, metals, and organic contaminants were found in surface
sediments, over a wide area of the harbour. Recent investigations of Victoria Harbour by
Environmental Protection revealed moderately elevated levels of dioxins in crab tissue
(Garrett et al.,

Environment Canada, in prep.), and precipitated a closure of the

commercial Dungeness crab fishery.

1Anthropogenic:

of human origin.

1

Environment Canada and the Greater Victoria Capital Regional District (CRD)
have recently expressed concern over the health of Esquimalt Harbour.

In 1991, the

CRD initiated a review of existing environmental studies of Victoria and Esquimalt
Harbours. The resulting annotated bibliography (Drinnan and Gordon, 1991) indicated
that no systematic study of Esquimalt Harbour had been carried out. The information
was found to be restricted to site specific data collected for other objectives, such as the
disposal of dredged sediments in accordance with the Ocean Dumping Control Act. This
data, nevertheless, suggested that the sediment in Esquimalt Harbour is contaminated
with high concentrations of lead, arsenic, cadmium and mercury. Amphipods tested in
laboratory bioassays of Esquimalt Harbour sediment, however, did not exhibit impaired
survival (Environment Canada, unpublished data). Thus, while there is some evidence for
contaminant inputs into Esquimalt Harbour, the associated impact is not known.

The data presently available do not adequately define the characteristics and
severity of sediment contamination, nor do they provide a clear understanding of
the major shoreline inputs, the agencies responsible, or the possibility of impact.
This information is required in order to begin to assess the environmental status, or
'health' of the harbour. The agencies with shared responsibility for the harbour
require, in particular, a detailed assessment of contaminant distributions in
sediments so that, if necessary, historical and present impacts can be dealt with
appropriately.

2

1.2. Scope and Objectiv es
The Environmental Sciences Group (ESG), Royal Roads Military College
(RRMC) is conducting a comprehensive study of Esquimalt Harbour on behalf of the
Director General Environment, Department of National Defence (DND).

This work

focuses on the chemical inputs to, and impact on, the harbour's marine environment.
This documen t constitut es Part I of the overall study and reports the type
and distribut ion of chemical s in sediment s from the harbour. The analysis of
sediments provides valuable information regarding the relative contributions of
individual shoreline activities. These data are further interpreted in the context of current
and historical activities in the harbour area. Chemical .concentrations provide a basis for
the assessment of environmental impact; a necessary step in determining the need, if any,
for remedial action.
It is importan t to stress that the mere presence of a chemical substanc e does
not, by itself, indicate a deleterio us effect or impact. For this reason, scientists often
distinguish between the terms contaminant and pollutant. A contaminant may be defined
as a substance introduced through human activity which causes a deviation from the
normal composition of the environment. A pollutant is a substance which is present in
greater than natural concentration as a result of human activity and has a net detrimental
effect on the environment - particularly living organisms. Contaminated areas are not,
therefore, always polluted.
Distinguishing between contamination and pollution is a difficult task. Various
jurisdictions have attempted to define numerical criteria consisting of concentrations
above which a chemical can be expected to have an impact. These criteria are attractive
because they are easy to administer and understand, but it rare that substances will
behave identically under all circumstances. Accordingly, criteria are typically used
(especially in Canada) as a guide for when site-specific information is required to
3

determine real effects.

This is the approach taken in this report, and contaminant

concentrations are compared to sediment quality criteria from a number of sources.

A first step in evaluating site-specific effects is to examine the concentration of
contaminants in resident organisms.

The biological uptake, or bioavailability, of

contaminants and resulting concentrations in living tissues (bioaccumulation) do not
necessarily imply impaired health.

Some substances such as copper and zinc are

essential micronutrients which are stored by animals and plants to meet future metabolic
needs.

Evidence for the bioaccumulation of contaminants is, however, a reasonable

measure of the portion of contaminants in the environment that occur in a form amenable
for entry into organisms and the food chain. Thus, while bioaccumulation is not always
indicative of adverse effects, the bioavailability of a substance is usually a prerequisite to
impaired health.

Accordingly, this report also examines the concentrations of

contaminants in some resident organisms - Red Rock Crabs, Cancer productus;
mussels, Mytilus trossulus; and other species. A more detailed assessment of the
impact of chemical contamination on bottom-dwelling species will be provided in
the Phase II report.

It should be noted that this work is being conducted in consultation with
Environment Canada - specifically the Environmental Protection (EP) Branch, Pacific
and Yukon Region. EP initiated an investigation of Esquimalt Harbour in 1990 under the
direction of Chris Garrett (Head, Toxic Substances, Fate and Effects). The EP studies
concentrated on shoreline samples, principally of marine biota. The Environmental
Sciences Group consequently focused its attention on sediment samples obtained on a
harbour-wide basis. Both data sets have been incorporated into this report; collectively,
they form the most comprehensive environmental study of a harbour in the Greater
Victoria region.
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2.

HISTORICAL OVERVIEW

Esquimalt and Victoria were among the first industrialized areas
north of San Francisco on the west coast of North America. This chapter
provides an overview of the use of Esquimalt Harbour from the time of
European exploration and settlement to the present, and relates the
presence of chemical contaminants in harbour sediments to historical and
current use. The narrative is accompanied by tables indicating the dates of
tenure of major users of the harbour, as well as photographs and maps
showing the substantial changes that have occurred both with respect to
occupancy and to the shoreline itself. Additional tables and maps are
included as Appendices A and B respectively.
This overview is not intended to be historically rigorous; instead it
places emphasis on those activities which may have contributed to
chemical inputs. Section 2.6, in particular, lists many of the shoreline

and shipboard endeavors which may have had some effect on the
'health' of the marine environment. Readers interested in a more
detailed historical account are advised to consult works by Duffus (1990),
Witt and Thomas (1985), Nelson and Oliver (1982), and Robinson (1947).
These documents were used extensively in the development of this
chapter; additional information was acquired through interviews with
long-time residents of Esquimalt and local historians.

5

2.1. European Exploration and Settlement: pre-1900
The sole users of Victoria and Esquimalt Harbour prior to the arrival of the
British were the Songhees.

In fact, the name "Esquimalt" was derived from the

Songhees' "Is-whoy-malth" ("Place of gradually shoaling waters"), which refers to their
source of drinking water - the mouth of Mill Stream at the northern end of the
embayment (Robinson, 1947; p. 14). The natural shoreline of the harbour is shown in
Maps 2.1 and 2.2, which are reproductions from an 1862 British Admiralty chart. Both
Esquimalt and Victoria Harbours had a lengthy and extensive use by indigenous
peoples for food, shelter and as transportation corridors. In the 1790s, the Spanish
navy made three exploratory visits to Esquimalt Harbour, which they named Puerto
Cordova.

During this decade, the Spanish attempted to lay claim to what is now

Vancouver Island, as well as other areas north of California. These claims were
eventually lost to the British, who made their way to Esquimalt Harbour by the midnineteenth century, along with Hudson's Bay Company, settlers, and the Royal Navy.
The appearance of the British set industrial development of Esquimalt Harbour in
motion.

The Americans also played an indirect role in the history of the harbour. The
increasing American presence in Oregon threatened the Hudson's Bay Company's Fort
Vancouver (Oregon). This resulted in an eventual re-settlement in the Victoria area.
James Douglas, of the Hudson's Bay Company, arrived to secure the British land
farther north, and seek a new site for the company's fort and fur-trading post. Douglas
considered the three harbours now known as Sooke Harbour, Esquimalt Harbour and
Victoria Harbour, and subsequently chose the third for the site of Fort Victoria, based
on the suitability of the surrounding land. Esquimalt Harbour, however, was by far the
best natural harbour of the three, since (unlike Victoria Harbour) the approaches were

6

not obstructed by underwater shoals. Britain leased all of what is presently Vancouver
Island to the Hudson's Bay Company for seven shillings per year, with the condition
that the company establish a "settlement or settlements ... for the purpose of colonizing
the said island." (Robinson, 1947; p. 31). James Douglas was subsequently appointed
Governor and Commander-in-Chief of Vancouver Island, as well as Vice Admiral.

In 1846, it was decided that the 49th parallel would serve as the official boundary
between American and British property. The Hudson's Bay Company was forced to
move out of Oregon, leaving behind not only Fort Vancouver, but also the rich and
financially lucrative farmlands of a company subsidiary, Puget Sound Agricultural
Company. Both companies re-located their western headquarters to Fort Victoria in
1849.

The Puget Sound Agricultural Company's London office asked Douglas to find
farm land in Esquimalt. Douglas selected four sites, three of which included shoreline
on Esquimalt Harbour; the fourth was located north and east of Saxe and Macaulay
Points. Viewfield Farm (1850-1860) extended from the shoreline of the Juan de Fuca
Strait (which included Work, Macaulay and Saxe Points) northward to the ridge above
Old Esquimalt Road and east toward the current Victoria City Line. Colwood Farm,
also known as Esquimalt Farm (1851-1861), was located on the western shoreline of
the harbour, from Patterson Point to the mouth of Mill Stream. It stretched inland down
to the northeastern edge of what is now the Royal Roads Military College property,
westward to Colwood Lake, and north to Mill Stream (Robinson, 1947; pp 60-61).
The Constance Cove Farm (1853-1865) boundary extended from the southern point of
Pilgrim Cove, encompassing part of what is now CFB Esquimalt (Naden) lands, and
southward to meet the Viewfield Farm border along Old Esquimalt Road (Robinson,
1947; p. 71). Craigflower Farm (1853-1866), the only farm whose buildings are still

7

Map 2.1:
Reproduction of British
Admiralty Chart showing the
Esquimalt Harbour shoreline
as of 1862 - upper harbour.
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standing, is now a museum.

Its boundaries stretched along the harbour shore from

Thetis Cove to Skinner Cove (where the Public Works Dry Dock is now situated),
excluding the Plumper Bay Songhees Reserve, and extended inland towards Portage
and Gorge Inlets, down to the Constance Cove Farm line (Robinson, 194 7; p. 78-79).

The first harbour industries were a sawmill and grist mill built by the Hudson's
Bay Company at Mill Stream Falls in 1848-49. The farms, established over the next
two to five years, benefited from these facilities. In addition, Kenneth McKenzie, the
enterprising bailiff in charge of the Craigflower Farm, initiated construction of a
carpenter's shop, a blacksmith's shop, a slaughterhouse, a flour mill and a sawmill on
the Craigflower grounds; these were staffed by tradesmen brought from Scotland.
Puget Sound Agricultural Company opened two large storage houses on the north
shore of Skinner's Cove (the cove in which the Public Works Graving Dock currently
stands) for the purposes of storing and shipping the produce from their Esquimalt
farms.

The Royal Navy also emerged as an Esquimalt resident during the 1840s, and
established what was to become a major presence on the harbour. Four British war
ships were sent to Vancouver Island over the course of 1846 in response to increased
tensions surrounding the British and American border dispute. During the summer of
the same year, Lt. James Wood, of the Royal Navy's Pandora, together with naval
instructor Robert Inskip and midshipmen of the frigate H.M.S. Fisgard, began a
hydrographic survey of Esquimalt Harbour (see Maps 2.1 and 2.2).

The border dispute between Britain and the United States was resolved in June
1846, but the navy continued to use the harbour on a regular basis. In 1848, H.M.S.
Constance became the first naval ship to use the harbour as its permanent base of
10

operations. The Constance was stationed m the eastern-most bay which was soon
named Constance Cove.

With the advent of the Crimean War (1853 to 1856), the Royal Navy decided that
a naval hospital facility in the Esquimalt Harbour was needed. A number of the British
warships were to stop at Esquimalt during their return from an attack upon
Petropavlosk, Russia. In 1855, Governor James Douglas provided the Navy with seven
acres on Duntze Head for the construction of what came to be known as the three
"Crimean Huts" - the first permanent naval structures on the shore of Esquimalt
Harbour. In the end, the hospital only treated one sailor for scurvy, but the naval base
remained active; the huts later served other functions (including accommodation for a
Hydrographic Survey Office and stores) until they were dismantled in 1939.

The boundary dispute between Britain and the United States re-emerged in 1856,
based on a disagreement over the ownership of the San Juan Islands. The Royal Navy's
activities in Esquimalt Harbour consequently heightened in response to the perceived
U.S. threat, and the Royal Engineers arrived in 1858 to "survey the western section of
the boundary between British and American territory" (Robinson, 1947; p. 43). The
engineers returned to England in 1862, leaving behind several huts on ten acres of land
on the point between Skinner's and Lang's Coves, which were subsequently added to
naval property. Thereafter, the naval hospital was moved to these facilities (Robinson,
1947; p. 103). In 1860, the Navy chose Cole Island, located in the northern harbour,
for the site of their powder magazine; these structures are still standing (Photographs
2.1, 2.2). Two large, wooden coal sheds, with a 1,500 ton capacity, as well as a naval
coal wharf, were erected on Thetis Island in the early 1860s. The Race Rocks and the
Fisgard Island lighthouses (Photograph 2.3) were also built in the early 1860s (Duffus,
1990: p. 10, 109).

11

The British Admiralty officially made the naval base in Esquimalt a permanent
Royal Naval Establishment in 1865. The boundary of Admiralty property was extended
beyond its original seven acres, and expanded northward, southward, and eastward
halfway to the old Esquimalt village. The naval base incorporated the seventeen acres
which Governor Douglas had reserved in 1859 for naval use (Witt and Thomas, 1985;

p. 6).

The Vancouver Island Naval Reserve was rapidly developed. In the mid-1860s, a
landing and a boathouse stood east of Grant Knoll. South of these were buildings
designated "paint and oil, etc. and ordnance", victualling stores, naval stores,
condemned stores, a facility labeled "Engine", a facility labeled "Rum", a building for
the cooper and the boatman, offices, and the paymaster's quarters.

Duntze Head

contained the flagstaff and observatory. East of Duntze Head stood a large building
labeled "Factory."

The border dispute between Britain and the U.S. was settled during 1872 through
the arbitration of the German Kaiser Wilhelm (Robinson, 1947; p.102). By this time, a
naval and civilian community had expanded between Duntze Head and Signal Hill.

12

Table 2.1 and Map 2.3 illustrate the layout of Esquimalt Harbour in 1858-60 and
the developments that occurred within the first few decades of European settlement.
The harbour's shoreline has been divided into five areas in the tables and maps in order
to facilitate an examination of changes over time (compare Table 2.1/Map 2.3 with
tables in Appendix A and maps in Appendix B, as well as Table 2.2/Map 2.4):

•

The "Northern Shore" is shown on the Maps in orange;

•

the "East Side" is shown in green;
Constance Cove is highlighted in pink;

•

Duntz Head and surrounding areas are illustrated in blue; and

•

the "West Side" of the harbour is shown in yellow.

13

Photograph 2.1: Building at south end of Cole Island .

Photograph 2.2: Munitions battery at the north end of Cole Island in the northern portion
of Esquimalt Harbour.

Photograph 2.3: Fisgard Lighthouse, at the entrance to Esquimalt Harbour. The
Juan de Fuca Strait and Olympic Mountains can be seen in the background.

Table 2.1: Harbour Occupants in 1858/60
Dates

Usage

Area
Northern Shore
- Mouth of Mill
Stream
- Parsons Bridge
- Cole Island
- Northern harbour
East Side
- Plumper Bay
borelinc
- North shore, Thetis
Cove

- Songhees village recorded by Spanish

- 1790- (?)

- magazine establish d for storage

- 1848-1855
- 1860-1938

explosives
- oyster bed~; s almon s hellfish

- up to 1920s-30's

- Indian village

-

- unidentified building (Thetis Cottage?)

-1858/60 chart

- intact, w/water stream running inland
torage
- Hudson'
- Ob. ervatory lagstaff/Barracks/boundary
of War Dept. land
- Fosters Pier (becomes public landing)

- until 1920s
- 1850s (?)
- 1858/60/64

- Huds n's Bay

o. sawmill

Constance Cove
- Skinner Cove
- North of Skinner
Cove
- Pilgrim Cove

Ba/F

- 1858-1920
- 1920-public
landinfg
- 1925 gone)

- Signal Hill
Duntze Head/Naval
Yard
Peninsula Area

- War Department property

- Western area/Naval
Yard

- 7 acres loaned to Rolal Navy by Gov.
Douglas/small whar

- 1855

- West of Signal Hill
- Thetis Island

- 4 jetties
- Coal Depot 1,500 ton capacity/2lar ge
wooden sheds/separate island
- Boathouse for small craft

- by 1858-64
- 1860-1880

- Hospital

- '1855

- Fisgard Lighthouse

- 1860-present

- Western area/Naval
Yard
- inland from Duntze
Head
West Side
- Southern entrance
west side
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- by 1858

Map 2.3: Esquimalt Harbour as of
1858-1860.
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Cove
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The Fraser River Gold Rush (1858-1868) further catalyzed growth on Esquimal t
Harbour, and injected a little colour and intrigue into Esquimalt Village's development.
When gold was discovered in the Fraser River in 1858, prospectors from around the
world converged on British Columbia, as part of the "Fraser's River Gold Rush" or
"Caribou Gold Rush." This rush funneled through the village of Esquimalt en-route to
the mainland. Instantly, the village became a bustling town, with the best and the
worst that the frontier could offer (Duffus, 1990). Property values jumped by geometri c
proportions, and wharves were constructed. Pioneer Street, lined with pubs, inns,
laundries and other businesses, was located south of the major wharf Uust southeast of
Thetis Island and northwest of Signal Hill: Map 2.3).

The rush was over within ten years, and Esquimalt resumed its activities a quiet
village, whose focal point was, once again, the Royal Navy. The Navy had further
expanded its operations by 1873. The portion of their property in the Duntze Head
vicinity now included "some 46 structures", including a steam fire engine, a cooperag e,
a fitting house and several stores: cable, chain, timber, lumber, paint, cordage/canvas,
ordnance, victualling and sail. The "Factory" consisted of a smith shop, smelter and
engine house (Witt and Thomas, 1985; p. 17). By 1879, the navy had added a torpedo
boat slipway, another boathouse with a small shipwright shop, and a main shipwrig ht
shop and spar shed (Witt and Thomas, 1985; p. 34). In 1883, the yard contained 58
buildings, which included a boat store, armories shop, lime store, and another slipway
from the boathouse (Witt and Thomas, 1985; p. 17).

Ship building and repair, currently the largest and possibly most environmentally
significant local industry, began to emerge in Esquimalt Harbour in the second half of
the nineteenth century. As early as 1861, the "Victoria British Colonist" argued for the
construction of a graving dock in Esquimalt Harbour. The closest ship repair facilities
18

at that time were in San Francisco. The rugged, rocky coastline of Vancouver Island
often resulted in damages to several ships, including three British ships-of-war (the
Plumper, Termagant and Hecate) in 1860-61 alone. The costs of sending damaged and
often unseaworthy ships south to San Francisco Bay were exorbitant, and the
British/American tensions of the period also made this practice unappealing.

The

money used to send ships south could be applied instead toward the payment for a
local dock and the employment of local people. Increased commerce in the north and
south Pacific required a stronger naval presence and an expanded need for local ship
repair facilities. Esquimalt Harbour now served as the base of British Naval
Headquarters in the Pacific, despite the lack of a formal proclamation to that effect.
The harbour bathymetry was well suited for a dry dock. By 1865, five British warships
were stationed around Vancouver Island.

The American Civil War (1861 to 1865) heightened anti-Canadian sentiments in
the United States. This further diminished the attractiveness of sending merchant and
naval ships south for repairs in San Francisco Bay.

The British Admiralty chose

Esquimalt for the site of a graving dock (or dry dock) in 1867 and, after they
considered Lang Cove, decided to locate the facility in Constance Cove (Witt and
Thomas, 1985).

The need for a graving dock in the Esquimalt Harbour area assumed such
importance that its construction became a condition in the 1871 Terms of Union
between the recently formed Dominion of Canada (1867) and the Colony of British
Columbia (Tunis, 1992; Duffus, 1990; Robinson, 1947). The graving dock was
originally planned as a joint project of the provincial, federal, and British governments;
however, the federal Government of Canada eventually took over the completion of the
construction, as well as the operation (Tunis, 1992; Robinson, 1947).
19

The federal government set aside property for construction of the dry dock, on the
southern shore of Constance Cove, located immediately to the east of the Admiralty
property (Witt and Thomas, 1985; p. 26). Fill from excavations made during
construction of the dry dock was used to connect Thetis Island to the southern
shoreline of Constance Cove (Nelson and Oliver, 1982; p. 81). The dry dock opened in
1887 as a federal Public Works operation servicing both naval and commerc ial vessels
(Duffus, 1990; p. 48).

Over the next 40 years, approximately 855 ships used the

facility, and demand for the facility was particularly high from 1919 to 1926.

The construction of the railway between the seaboard of British Columbia and
the railway system of Canada (Duffus, 1990; p. 69) was also an important influence on
developments around Esquimalt Harbour. Vancouver Islanders assumed that this
railway was destined for Esquimalt: "... after all the island had a larger population than
the mainland, plus coal and lumber industries and an important Royal Navy base at
Esquimalt. (Vancouv er was still Gastown, Hastings Mill and dense forest.)" (Duffus,
1990; p. 69). It was decided, however, that the railway would terminate in Vancouver
and an island railway would be built between Esquimalt and Nanaimo; the first spike
was driven into the ground in 1884 and the Esquimalt and Nanaimo (E & N) Railway
was completed in 1886.

The original Esquimalt Station was built at the end of

Hallowell Road, near the present-day plywood plant (Duffus, 1990; pp. 69-71). The
railway carried both passengers and freight. Todd's Cannery (ca. 1896; Duffus, 1990;
p. 6 and on hydrographic charts) in the Plumper Bay area "supplied carloads of fish for
the regular freight traffic ... and a... barge slip for transfer of rail shipments to the
mainland was also situated nearby" (Duffus, 1990; p. 72). The railway still operates
today, although in a much reduced role.
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Substantial changes were made to the Naval Yard in the last decade of the 19th
century. By 1895, the Navy was performing major ship repairs in Esquimalt Harbour.
Oil Stores and Electrical Stores buildings were added and brick structures were built to
replace older wood buildings (Witt and Thomas, 1985). The wood frame 'factory' of the
1870s was among the buildings replaced, and the much enlarged 1891 "Factory" was
erected in its place. (Nelson and Oliver, 1982; p.28). Outside of the Naval Yard, on the
newly filled area incorporating what used to be Thetis Island, the coal sheds were
expanded. Witt and Thomas (1985, p. 8) state that "by 1895, the sheds were 12 feet
high with a 2673 ton capacity," which was increased to 10,000 tons by 1903. Nelson
and Oliver (1982, p. 81) write that the "present buildings were constructed c. 1899 on
the site of the earlier (wooden) coal sheds."

The ship repair industry on the harbour expanded further in 1893 with the
introduction of a private shipyard. William Fitzherbert Bullen, the general manager of
a Victoria machine shop that catered to naval and commercial ships, recognized tha.t
there was a market for more ship repair facilities in Esquimalt Harbour. He established
the Esquimalt Marine Railway Company, with a marine rail bed east of the existing dry
dock, on the south shore of Constance Cove. Five years later, the company added a
building berth and ship construction capabilities. "Shortly thereafter, the expanding
company was reorganized as the British Columbia Marine Railway Company
Limited." (Yarrows Limited promotional brochure, p. 8). In 1914, just before the start
of World War I, Alfred Yarrow purchased the company and opened a Canadian branch
of his successful British shipbuilding business.

Yarrow anticipated that the newly

formed Canadian Navy would be needing ships, and acted on rumours that the
government was considering the construction of a larger west coast dry dock (Duffus,
1990; p. 52).

21

2.2. War and Settlement: 1900 to 1939
Esquimalt Harbour matured in two significant ways after the turn of the century.
First, the Royal Canadian Navy came into existence with the Naval Service Act of
1910, and Britain transferred the Esquimalt naval base to Canada. Canada took official
custody of the Naval Dockyard and hospital, the naval cemetery, the drill and
recreation grounds, the magazine on Cole Island, the coaling sheds and certain reserve
lands in 1912. At this time the dry dock belonged to the Department of Public Works
and the Signal Hill area was the property of the Army (Duffus, 1990; pp. 11-13).
Second, Esquimalt village was incorporated in 1912. Accordin g to Duffus (1990)
"some 2000 acres of rocky shoreline, 'acclivities and bottoms,' muddy roads with board
sidewalks, a village, some grand mansions, an impressive brick school and rather more
pubs than the populatio n warranted became the Townshi p of Esquimalt."

One

important, practical outcome of incorporation was that Esquimalt commenc ed
construction of a sewage system.

On the eastern side of the harbour, near the E & N Station on Hallowel l Road, a
large storage fuel tank was installed in 1912, when the locomotives were converted
from coal to oil burners (Duffus, 1990; p. 71). On a 1918 hydrographic chart (BC
Archives), a machine shop is shown just off the railway, which was probably an E & N
facility used for servicing the trains. An important event that took place in the
Constance Cove area during this period was the acquisitio n of the private marine
railway and shipyard by Yarrows.

World War I (1914- 1919) did not substantially escalate the industrial activity in
Esquimalt; however, changes around the harbour in the second decade of this century
which warrant considera tion from an environm ental standpoin t include the following.
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Around 1910 or 1911, Building 116, a marine railway, was installed in the Grant Knoll
area of the Naval Dockyard and "the channel separating Grant Knoll from the base
shore was ... filled with material of unknown source" (Thurber, 1992). Just east of
Grant Knoll stood buildings 115 and 120, which were boat maintenance facilities
referred to as 'shipwright and riggers marine ship repair unit on various historical
plans. Witt and Thomas (1985; p. 34) note that between "1913-1946, Building 115
housed the Shipwright Shop and Office" (Building 115 had a timber marine railway
and a "concrete floor supported on piles and piers with an open slope to the sea under
the building."

Current CFB Esquimalt personnel state that

"little formal

documentation is available" on these two buildings (Thurber, 1992).

Another

Dockyard building, the "Factory", remained busy during WWI; its galvanizing tank,
used for brazing and galvanizing ship parts and equipment was heavily utilized (Nelson
and Oliver, 1982; p.31).

The book "Ship Repair Adventure: HMC Dockyard Esquimalt" (Witt and
Thomas, 1985) describes the Naval Dockyard activities during WWI as follows:

"Work in the main by 1914 was general refits and maintenance of the existing
fleet and as the war progressed, more ships were added to the Pacific Squadron.
There were two ships, ... plus two submarines. There were some 140 civilian
employees in Dockyard in 1916, of which about 40 were in the Hull Shops.
After the war the subs were scrapped and in 1920 the navy was disbanded
(except officers), and civilian workers in the Dockyard were laid off. Only the
key men were retained. It was a black Monday for the Dockyard, it was
completely shut down. Irrespective of the fact of peace, Ottawa decided that
there must be an operative navy and at the close of 1926 the Dockyard was
reopened and three more ships purchased from the RN" (pp. 34-36).
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In addition to Dockyard activity, the magazines at Cole Island were used by the
Royal Navy, the Royal Canadian Navy and the Army during WWI (Nelson and Oliver,
1982; p. 165).
One of the biggest events in the Esquimalt area immediately following WWI was
the opening of a new, more modern graving dock. The original graving dock, which
opened in 1887, was too small and too worn to meet the demands of the period's ship
repairs [this was originally operated by Public Works but was now in HMC Dockyard
(Duffus, 1990; pp. 48-49)]. As early as 1913, soundings were taken in Constance Cove
to plan for the new dry dock, and the Federal Government had decided to commence
construction by 1921. Skinner's Cove was chosen as the site for the new facility and
one of the largest construction projects of its time in Canada began, which produced
one of the largest dry-docks in the world.

The new Public Works Graving Dock

received its first ship in 1926, and has remained in continuous operation ever since.
There were two periods of particularly high levels of usage: 1937-1948 and 1965-1973
(Logbook, Esquimalt Graving Dock).

The older HMC Dry Dock, or 'Old Esquimalt Dry Dock' (originally the PWC
dockyard) repaired 25 ships in 1926 and ten in 1927 before closing that same year
(Record of Dockings, Naden Graving Dock). "The worn caisson was removed and the
dock remained tidal, used only for berthing ships until repaired in 1945 and brought
back into service as a full time facility" (Duffus, 1990; p.48).

The sawmill industry made a reappearance during the period between WWI and
WWII.

The harbour's first sawmill, the Hudson's Bay Company water powered

sawmill (near the northern entrance to the harbour), operated between the years 18481855. In 1926/27, Frank Wilfert opened a mill on the west side of the harbour, in the
area where the Naval Fuel Jetty (F-jetty) currently stands, and at the end of what is
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now known as Wilfert Road. The mill was locally referred to as "Wilfert's Mill"
(Maureen Duffus and Peter Cox, pers. com.), although the B.C. Companies Registry
officially lists the mill as the "Johnson Wilfert Lumber Company". According to Peter
Cox, who worked at the mill between 1937-1938, the mill was originally located in
Campbell River and was moved to the harbour in 1926/27 and reassembled.

Cox

stated that it operated until 1941/42, when "DND bought it out." The mill had a small
booming ground at the Wilfert site, and a larger booming ground across the harbour
near the Indian Reserve. According to Cox, the mill cut about 60,000 board feet a day,
and up to 80,000-90,000 board feet on a good day. The wood was loaded on barges
which were towed to Ogden Point. Cox could not recollect any chemical treatment of
the lumber when he was there. The mill closed three to four years after he left.

Other long-term Esquimalt residents recall details about industry on the harbour
during this period. Maureen Duffus says that there was a "solid floor of log booms
between Patterson and Dyke Points up to Cole Island" from the 1930s to the 1960s.
Duffus also reported that there were a blacksmith shop and brass foundry at Parson's
Bridge (the northern area of the harbour) and a slaughterhouse/piggery further up Mill
Stream. Duffus and other local historians Joe Baur and Trevor Smith think there may
have been a tannery as well, on Mill Stream (not on the harbour) or somewhere in the
Parsons Bridge area. Duffus and Smith both speak of a brickyard in the northern
harbour area, possibly the J.W.( or I.W.) Masons Yard (Trevor Smith, pers. com.).
There was a lime kiln near the northwestern shore, opposite from Limekiln Cove (on
Hart Road).

According to E. Anne Bisal, Assistant Curator at the CFB Esquimalt Museum, a
float plane terminal operated at the end of Pioneer Street sometime during the 1920s to
1930s.

Another float plane base was located in Limekiln Cove in the 1930s. In
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addition to these smaller industries, the harbour remained active with ship traffic,
repair and construction.

Military lands and facilities on Esquimalt Harbour underwent minor alterations
during the 1920s and 1930s. The Army maintained the 9.2" gun battery on Signal Hill.
The former Naval Recreational and Drill Grounds bounded by Esquimalt and Canteen
Roads were used as construction sites (from the mid-to-late thirties) for new
storehouses and major transport facilities (Nelson and Oliver, 1982; p. 87). Industrial
activity continued at the Naval Dockyard, though at a moderate pace. The manufacture
and maintenance activities made use of various skilled tradesmen, "namely platers,
boilermakers, coppersmiths, blacksmiths, machinists and pipefitters" (all housed in the
Factory); and the shipwright work of repair, refits and rigging" (Witt and Thomas,
1985; p.36).

The most substantial changes between WWI and WWII in the military facilities
around the harbour involved the armaments. The munitions magazine was moved from
Cole Island to the Patterson Point area in the 1930s, where it was renamed the
Colwood Magazine. Access to fresh water on Cole Island was severely limited (all
water was tanked in); consequently, the Navy had been considering a relocation of the
munitions magazine since the 1890s. It was not until the late 1930s, however, that the
Navy actually moved the magazine. Construction on the Colwood magazine started in
1937 and ended in 1939-40, after which Navy abandoned the Cole Island site, along
with its 17 buildings. Vandalism took a heavy toll on the structures after WWII. The
Provincial Governm ent assumed ownershi p of the island in 1974, and ceded the site to
Parks Canada, along with Fort Rodd Hill (Nelson and Oliver, 1982; p.165). Cole Island
is presently under the jurisdiction of the provincial government's Heritage Properties
Branch.
26

The Royal Canadian Navy (RCN) Armament Depot was enlarged and revamped
in the work yard area east of Grant Knoll and Duntze Head. The Ordnance Workshop
had very humble beginnings in Building 50, with very little machinery, then later
moved to Building 77. The first Torpedo workshop was destroyed in a fire in 1925
(along with the old Boat Shed and Rigging Loft).

In 1927, the Navy built a new

Torpedo Workshop and Storage Building 115, which was improved and updated to
meet more contemporary requirements.

2.3. The Second World War: 1939 to 1945
A few years before the outbreak of World War II, the British Admiralty
considered it advisable to establish increased inventories of heavy guns and mountings
at the Naval Dockyard in Esquimalt. The weapons and related supplies would be used
for the arming of merchant ships and fast passenger liners should the necessity arise.
Some of the armaments were stored in Building 77. The overflow was sent to the old
Coal Shed, which was later entirely converted and renamed the Gun Shed2 . In 1939,
the Navy completed a new Torpedo Workshop, Building 191, and a new Ordnance
building was raised by 1941. "The new Ordnance Workshop facilities in Building 192
with its Fitting and Machine Shop availability and 12 and one half ton lifting capacity
gave the immediate capability of handling the rapidly expanding work load now being
felt by the war's impact" and the new "Torpedo section was now able to undertake
major repairs and modifications to torpedoes" (Witt and Thomas, 1985; pp. 28-30).

2

The introduction of oil fuel had rendered the Coal Shed obsolete.
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The start of the war propelled further expansion of the armament facilities in the
Naval Yard.

While new structures were being built, "canvas tents were erected

immediately adjacent to the workshop areas which permitted the stripping and
overhaul work to continue during inclement weather." Heightened demands upon the
Torpedo Section resulted in an addition to the Torpedo Workshop. Other additions
included: an expansion of the Ordnance Workshop; a Close Range Weapons
Workshop; an Indoor Test Range Building; an Electroplating and Chemical Cleaning
Facility; and a new Gun Mounting Shop (Witt and Thomas, 1985; pp. 30-31).

Developments at the Dockyard up to 1943 centered around the demands for
armaments storage/repair facilities and barrack quarters, with little emphasis on the
modernization of ship maintenance and repair areas. The 1941 Hydrographic chart for
the harbour depicts a "Dockyard Jetty" (now "A" Jetty), a "Refitting Jetty" (now "B"
Jetty), a "Naval Ordnance Jetty" (the old coal wharf, eventually "C" Jetty), and a
"Magazine Jetty" (now "G" Jetty) associated with the Colwood Magazines. In 1943,
the Naval supply group was moved to Colwood3, on land purchased in 1942 from a
Songhees Timber Company (Don Beamish, Base Properties Officer, pers. com.). This
was part of a reorganization of Dockyard by the Director of Plans, which included
initiation of the re-opening of the naval dry dock, construction of a 200 ton haul out
and the building of a new shipwright and electrician's machine shop. By 1947, the
"Fuel Oil Jetty" ("F" Jetty) appeared on hydrographic charts.

The War launched Yarrows Shipyard into a phase of peak productivity. In 1940,
Yarrows received a naval contract to build corvettes. Yarrows substantially modified
their shipyard on the southeast shore of Constance Cove in order to handle the heavy

3 At

the end of Wilfert Road, just above Dunns Nook.
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workload.

The corvette program continued into 1942.

In 1941, Yarrows signed

another major contract to construct 9,300 ton cargo vessels. Yarrows subsequently
opened a second shipyard on the harbour (Yarrows No.2 Yard) on Munroe Head, near
the mouth of Constance Cove on the north shore. Preparation of Yarrows No. 2 Yard
included the blasting and removal of 500,000 cubic yards of rock, which was then used
as fill for the area (History of Yarrows, Ltd.; J.S. Marshall & Co., Ltd., p. 104). The
site plan entitled "Proposed Yard for Yarrows Ltd., Esquimalt, B.C." lists the following
structures at the second shipyard: marine railway; two building berths; lumber racks;
finishing and paint shop; compressor and boiler house; winch house; electrical shop;
joiner and pattern shop; sheet metal; shipwrights; riggers; machine shop; aluminum
storage building; plate shop-mold loft over; pre-fabrication shop; acetylene plant;
blacksmith shop; steel stock storage; rail and spur lines; two wharves; docking space;
20 ton traveling crane; 100 ton graving dock crane. On August 14th 1941, the keel was
laid for the first freighter, S.S. Fort Macleod. The keel was laid for the S.S. Fort Pelly
on September 9 in the second building berth.

Between 1940 and 1945, Yarrows built a total of 27 vessels (including corvettes,
freighters, frigates and transport ferries), and performed 611 ship conversions and
repairs (History of Yarrows, p. 131 ).

The other ship repair facility on the harbour, the Department of Public Works
(DPW) graving dock, was also busy.

The numbers of ships repaired at the DPW

facility during 1943, 1944, 1945, and 1946 were 58, 78, 88 and 61 respectively (DPW
Dock Logbook entries). In contrast, the DPW dock took on 36 jobs in 1936, and 55 in
1937. The demand on both Yarrows and the DPW Dock during WWII precipitated the
reopening of the Old Esquimalt Graving Dock at HMC Dockyard.

29

d land from Esqui malt
HMC Docky ard expan ded in 1942 to include expro priate
e Head/ Const ance Cove
village, and shifte d the town' s weste rn bound ary off the Duntz
l of the Old Esqui malt
peninsula. HMC Docky ard took over opera tional contro
dock, howe ver, was not
Gravi ng Dock in the same year. The renov ation of the
g. "(T)h e newly refitted
comp leted until Augu st 1945, at which point the war was endin
1947 and then briefly for
gravin g dock was then used sparin gly by the navy until
comm ercial purpo ses in early 1947" (Tuni s, 1992 - p. 2).

naval Yard contin ued
The two marin e railwa ys in the Grant Knoll vicini ty of the
capac ity on the harbour.
to opera te during WWI I, to furthe r enhan ce the ship repair
, servic ing, repair, refit,
Overa ll, there was a treme ndous amou nt of ship traffic
I.
conve rsion and constr uction in Esqui malt Harbo ur during WWI

direct ly assoc iated with
Other marin e and shore line activi ties during WWI I were
rines. An "anti- subm arine
the defen ce of the harbo ur again st enem y ships and subma
Rodd Hill and "the coasta l
net was laid across the entran ce to the harbo ur" from Fort
artillery batter ies were mann ed." (Duff us, 1990; p.14).

prope rties on the
Perha ps the most signif icant wartim e chang e to non-m ilitary
to the east of Cante en Road
harbo ur was the reloca tion of the Esqui malt town bound ary
ties on the harbo ur with
- the new borde r for the Naval Dock yard. Other civilia n activi
an oil wharf , ferry slip and
some assoc iated poten tial for conta minan t inputs includ ed
area.
oil tank opera ted by the E&N Railw ay in the Plump er Bay

30

2.4. The Post-War Era in Esquimalt Harbour: 1945 to present
The Korean War (1950-1953) commenced shortly after the end of WWII; the
Navy Dockyard, therefore, remained busy, and underwent additional modifications.
The tenants on the harbour as of 194 7 are summarized in Table 2.2 and Map 2.4.
Although transfer of ownership of the Old Esquimalt graving dock from PWC to the
Navy was initiated in 1942 (see Section 2.3, above), the complete transfer was very
gradual. Not until 1955, as indicated in a letter written by the Naval Secretary, did the
Navy "assume full responsibility for the administration, maintenance and operation of
the First Graving Dock, Esquimalt, B.C.". Even in 1958, the Department of Public
Works supervised alterations to the dock; "the actual land on which the facility stands
was not transferred from DPW to DND until 1988" (Tunis, 1992- p. 2). The Old
Esquimalt Graving Dock was renamed the Naden Graving Dock in 1971 by the
Lieutenant Governor of British Columbia (Witt and Thomas, 1985). Presently, the
Naden Graving Dock is the oldest such dock on the Pacific coast of North America.
The Record of Dockings shows that the dock was heavily utilized between 1954 and
1964.

Techniques for the ship repair industry underwent significant changes following
WWII with the advent of wet sandblasting technology to replace the old methods of
scraping and hand-chipping. The Royal Canadian Navy began their investigations of
the suitability of sandblasting in 1949. All sandblasting at the Naden Graving Dock
was performed initially in the dry dock bottom. Later, some operations were moved to
a canvas-enclosed area just inland and east of the old Ordnance Jetty (the Thetis Island
area of long ago), and also to an area on Duntze Head. "At the time there was talk of a
dry sandblasting booth. The accumulation of flying sand was considered a source of
annoyance" (Witt and Thomas, 1985; p. 36).
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Table 2.2: Harbour Occupants as of 1947
Dates

Usage

Area
Northern Shore
- Parson's Bridge (west of
bridge)
- inland northern harbour
- Cole Island
- Cole Island
- East side Dyke Point
- Northern harbour
East Side

- Large bldg. with pier/jetty

- 1947 chart

- Esquimalt & Nanaimo Railway
- Canadian Navy left Cole Island (magazine
moved to Patterson Point)
- Severe vandalism
- Several roads inland/high power electric
transmission line
- Very dense log boom storage

- 1886-present
- 1938

E & N Railway
Empire Cannery{fodd's
oil tank "(conspicuous)"
oil wharf

- inland Plumper Bay &
north
- Plumper Bay area
- inland Plumper Bay

-

- southwestern shore Thetis
Cove

- note changes in cove & shoreline
- small pier-like structure w/in "piles" area
offshore of Esquimalt Band Reserve
- Yarrows Ltd. #2 Plant, including: 2 slipways,
Derrick Landing Wharf, several buildings

- shoreline inside Thetis
Cove/Munroe Head
Constance Cove
- Skinner Cove
- Lang Cove
- Signal Hill and adjacent
shoreline

- Pilgrim Cove
- Lang Cove opposite
Village Rocks, extending
from DND property north
of Signal Hill
- Pilgrim Cove, adjacent to
Canadian Gov't Graving
Dock

- Esquimalt Graving Dock
- Esquimalt Graving Dock high usage
- Sewer lines/water mains/septic tank/electrical on
Naval property
- DND property
- Transfer of Signal Hill property to Navy from
Army
- 9.2" gun battery
- Storehouses and major transport facilities added
- Buildings housed headquarters of 5th (BC)
Coast Regiment, RCA; the Royal Canadian
Ordnance Corps Depot; units of the logistical
services
- Filling near shoreline, possibly from shipyard
waste
- Boathouse; 8 interconnected floats; piles; 2
floats north shore
- Naval barracks inland
- Large dock/wharf structure; boathouse; float;
ruins
- Yarrows Ltd. Machine Shop
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- post WWII
- ca 1947
- 1930s-1960s

- 1886-?
- by 1896-1947+(?)
- by 1921 (on chart)1947+ (on chart)
- by 1925-1942(present)
- cf. 1947 chart
- 1947(onchart)
- 1943-1948

- 1926-present
- 1937-1948
- by 1940
- 1944
- 1912-1939
- mid 1930s-1939
- WWII
- 1948-1985
- ca 1947
- ca 1947
- ca 1947 (not on 1987
chart)
- 1943

Table 2.2(CONT.)
Duntze Head/Naval Yard
Peninsula Area
- Western portion
- Western portion
- Thetis Island
- Esquimalt village

- Adjacent to Grant Knoll
(Bldg. 109)
- Grant Knoll area (Bldg.
113)
- Adjacent to Grant Knoll
(Bldg. 120)
- Adjacent to Grant Knoll
(Bldg. 115)
- Northeastern shoreline of
Duntze Head
(Southwestern shoreline
of Constance Cove)
- North shoreline naval
dockyard to Grant Knoll
and Duntze Head

- "Dry dock, with wooden wharf (reopened),
became refitting basin"
- Dry dock solely used by Royal Canadian Navy
- ordnance shed
- gun shed & carpenter shop
- larger dock where old Esquimalt village wharf
stood
- old Esquimalt village bumped east and further
inland; the entire peninsula area became DND
property
- receiving store

- 1942-45
-

1945-present
1942
1951-1970
1939-42

- 1939-42
- 1939-42
- 1942

- Shipwright & spar shed
- later a carpenter shop
- "Shipwright & riggers marine ship repair"

- 1922-1950s
- 1950s
- 1935

- "Shipwright & riggers marine ship repair unit"
(had "concrete floor w/open slope to the sea")
- "The Factory" (cf. 1896 chart) but now called
"Engineer Factory Shops"

- 1913-1946

- "Ordnance Jetty" (with 3 piers alongside; now
"C" Jetty)
- Naval Dry dock
- Refitting Jetty (now "B" Jetty)
- Dockyard Jetty (now "A" Jetty)
- floats & boathouses between refitting &
dockyard jetties
- HMC Dockyard
- ways

- ca 1942-1947

- Wharf jetty
- Transformer
- Johnson Wilfert Lumber Co ("Wilfert's
Sawmill")

- 1942 chart
- 1926/27 - 1941/42

- Rosebank Limekiln

- 1941 chart

- Colwood Magazines/Magazine Jetty

- 1937-1955

- Magazine jetty & gasoline jetty & fuel oil jetty

- by 1942

- Boom Defence Establishment/Rodd Hill
Barracks/PBX Submarine & five alarm cable
(electrical)
- DND property
- Fuel oil jetty/piles north of jetty/"Ruin" w/extra
wharf jetty

- by 1942

- 1891-present?
- 1942

West Side
- Fisgard Is.
- Inland Wilfert Rd area
- South of Patterson Pt/End
of Rosebank & Wilfert
Rd.
- Opposite shore from
Limekiln Cove
- Land by Macarthy
Is/short distance from
Patterson Pt.
- Shoreline south of Smart
& McCarthy
- Between islands & Rodd
Hill -on shore
- Rodd Hill
- North of Dunn's Nook
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- by 1947
- by 1947

Map 2.4: Esquimalt Harbour
Tenants and Activities
as of 1947
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Changes also occurred in the Dockyard Hull Shops and armament facilities.
Electrical shops were added in 1950 (Duffus, 1990; p.16). In 1945, the Boiler and
Plate Shop was moved from the Factory to a building just east of the dry dock. In
1953, the Boiler and Plate Shop was split into three shops: one "doing outside steel
repair and hull work"; the second, "shop fabrication, boiler work and welding"; and the
third, sheet metal work. "In 1953 a separate shop was formed for sheet metal work in
the corner of the old coal shed, Building 130" (Witt and Thomas, 1985; p. 36). The
Torpedo Section carried out work needed for the establishment of a temporary range
(off Esquimalt Lagoon) for testing underwater weaponry. In addition, the Armament
Depot was expanded in 1959 to accommodate new technologies, ships and weapons.
By 1963,

"all workshop sections, Gun Mounting, Underwater Weapons and Fire

Control and Instrument were finally integrated into this building" (Witt and Thomas,
1985; pp. 32-33).

Several shifts in Base properties took place between the late 1940s and the end of
the 1960s.

The Army property on Signal Hill was transferred to the Navy after

W.W.II, and H.M.S. Dockyard gradually expanded to include it (Nelson and Oliver,
1982; p.87).

Army properties within the boundaries of the Navy Yard were also

transferred to the Navy after WWII.

The magazines were moved from Colwood

(Patterson Point) to Rocky Point in 1955. A naval supply depot was built in Colwood
in 1958 "with permanent concrete piers to refuel the ships from the nearby oil depot."
In 1965, HMCS Naden was officially designated Canadian Forces Base (CFB)
Esquimalt. The Dockyard and CFB Esquimalt "were amalgamated to conform to the
'base concept' of the Canadian Armed Forces" in 1969 (Duffus, 1990; p.17). By 1967,
Rodd Point and Fisgard Island were connected through the addition of coarse fill. The
Fuel Oil Jetty ("F" Jetty), located just north of Dunn's Nook, made its first appearance
on a hydrographic chart in 1947. Properties occupied by the Boom-Defence
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Establishment, established during WWII on the Colwood side of the harbour, were
restructured; Jetty "D" is shown at the same location on the 1973 hydrographic chart.

Post-war changes in the Constance Cove area included, in particular, the
departure of Yarrows Ltd. from Munroe Head, and the closure of Yarrows' No. 2 Ship
Yard. A portion of the Munroe head land occupied by Yarrows during WWII was
leased from the crown; this lease expired on 23 June, 1948. The decline in shipbuilding
activity after the war convinced Yarrows to reconsolidate their operations at their No.1
Ship Yard, on the south Shore of Constance Cove.

The portion of No. 2 Yard owned by Yarrows was sold to Manning Timber
Products in October, 1948. Manning Timber operated a sawmill on Munroe Head for
only a short period of time. The sawmill operations included a drying kiln; a spur line
from the E & N Railway (possibly with treated ties); and a transformer station and
electrical substation (possibly with PCB-containing electrical equipment). There is no
evidence to indicate whether the sawmill used wood preservatives. The western-most
portion of Munroe Head is presently occupied by the Canadian Forces Sailing
Association. Further east, there are, at present, additional DND storage areas/facilities
on the land previously occupied by Yarrows and later by Manning Timber. This site
was acquired by DND in 1959, and a 1963 site plan shows that transformers and
substations still stood on the property. There is presently a drainage line running from
beneath an old transformer toward the harbour, near the entrance to the DPW Graving
Dock (Don Beamish, DND Base Properties Officer, pers. com.).

Between 1945 and 1970, transformations also took place on non-DND lands
around the harbour. A high power electric transmission line was routed along the east
side of the harbour, from the northern portion down to Dyke Point (1947/48 Esquimalt
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Harbour chart, at BC Archives). By the late 1960s, Empire Cannery was replaced by a
sawmill, operated by West Isle Forest Products (later renamed Futura Forest Products).
A booming ground was located in the Plumper Bay area (1973 chart). The storage of
log booms continued in most of the northern portion of the harbour through the 1960s
(M. Duffus, pers. com.). Yarrows changed ownership and its name to Versatile Pacific
Ltd., but the yard nevertheless remained in constant operation. In 1992, ownership of
the company changed again, and the company's name was changed back to Yarrows
Ltd. The DPW constructed the "Governme nt E Jetty" at the Graving Dock on the
northern shore of Constance Cove.

The 1970s and 1980s brought few substantial changes in shoreline uses on the
harbour.

Residential developme nt has escalated on the northern shoreline of the

harbour and on its eastern side (in the View Royal area) since the 1970s. There is
some question as to the effectivene ss of the septic tank systems or septic fields of some
older residential properties on the harbour; i.e. the residences on Hart Road and the
upper Harbour (M. Duffus, pers. com.). The chemical inputs associated with any
sanitary sewage discharge from residences, however, are probably minimal.

The

Plumper Bay shoreline has been or is presently the site of West Isle Forest Products
(later known as Futura Forest Products), Pacific Forest Products, Fibermax Timber
Corporation, and Victoria Plywood (now a cooperative).

Log boom storage has

continued in the northern harbour, though the density of booms has decreased
substantially since the 1960s.

Industrial practices similar to those established after WWII have been maintained
at the Naval Dockyard and on other CFB Esquimalt lands. The recent post-war era has
brought a slight decline in defence-re lated activities in Esquimalt Harbour, although
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CFB Esquimalt continues to be the major naval base on the west coast of Canada.
Civilian ship repair and construction continue to be a major harbour industry.
Two ship repair facilities with a considerable history of use have been shut-down
or dismantled within the last decade: DND's "C" Jetty, which dates back to the days of
the coal sheds established in the nineteenth century; and the marine railway at Yarrows,
the origins of which date back to the founding of the private yard by Bullen in 1893. "C"
Jetty was dismantled in 1987, the area was dredged, and a new concrete twin jetty was
built to replace it. The marine railway was closed early in 1992; since then Yarrows has
done all of its major hull repairs at the DPW Dock. The rail bed remains, as an historical
record of ship repair.

2.5. Emerging Environmental Concerns
The new environmental awareness has also brought about the discovery of past
environmental impacts.

In the summer of 1992, during the site excavation and

foundation preparation for the construction of the Fleet Maintenance Group (Pacific)
Building adjacent to Grant Knoll, the contractor uncovered soils contaminated with
lead, copper, zinc, mercury and other substances. The contaminated substrate, which
was probably ship repair waste from the first dry dock constructed in Esquimalt
Harbour, may have been introduced as fill when Grant Knoll was connected to the
adjacent shore around 1910.

Additional used sand-blasting grit may have been

introduced from repairs to boats hauled out along a small marine railway in the Grant
Knoll area. In 1992, the soil was removed and transferred to a properly engineered
short-term disposal facility, pending further evaluation of a long-term solution.

Other shoreline areas of the harbour may have received unclean fill material;
however, this has not been confirmed since the appropriate historical information is not
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available and investigations have not been carried out 4 . Aerial photographs taken in
1989 (Photographs 2.4 and 2.5) show the present day shoreline of Constance Cove and
the western shoreline. The shoreline has been extensively modified in the last century
on both the north and south shores of Constance Cove and where D-jetty is located on
the western shore of the harbour (compare the shoreline on the aerial photographs to
the 1862 Admiralty Chart; Maps 2.1, 2.2).

A contaminated site was also discovered in 1988. The West Isle facility on the
Futura and West Isle Forest Products site was closed when its lease from Indian and
Northern Affairs Canada (INAC) expired.

A fire occurred at the sawmill during the

time when the site was being decommissioned.. Investigations associated with cleanup
after the fire resulted in the discovery of extensive polychlorinated biphenyl (PCB)
contamination, resulting from capacitors left on the site. West Isle was subsequently
found guilty of discharging PCB's through the improper handling of capacitors. Recent
sampling in the area indicates that widespread PCB contamination of the West Isle site
is no longer a serious problem.

The site, however, is contaminated with PCP, or

pentachlorophenol, which was originally used in the treatment of lumber. There is also
significant PCP contamination of ground water on the site, with a significant potential
for input into Esquimalt Harbour. The Coast Guard, responsible for several of the
foreshore lots in Esquimalt Harbour, and INAC are currently negotiating a cost-sharing
agreement for remediation (Richard Glue, Coordinator for National Contaminated Site
Remediation, pers. com.).

Dredging of harbour sediment has occurred on at least two occasions, including
once around DND's D-jetty in 1986, and once during the replacement of C-jetty in
4A separate environmental study of selected shoreline areas in Constance Cove (Yarrows property and
Munro Head) was undertaken in the summer/fall of 1993, by SRK Consultants on behalf of DND.
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1987-88 (Section 2.4, above; Appendix A-5). In both cases, the contaminant levels in
the dredged material presented considerable difficulties in finding a suitable,
economical means of disposal since it was sufficiently contaminated to preclude
disposal in the ocean under Federal Ocean Dumping Regulations.

Environment

Canada approved the disposal in Lang Cove of dredged material from the dredging
program at C-jetty, since the Lang Cove sediments were already considered to be
contaminated. Lang Cove subsequently received 17,310 m3 of contaminated material
(Drinnan and Gordon, 1991). The D-jetty dredgate was disposed on federal (DND)
property in Colwood in 1986. The dredged sediment was transferred to a speciallyconstructed, temporary secure storage facility in 1992 along with contaminated soil
from the FMG building project. DND has not decided on the final disposition of this
9,200 m3 of material, now situated upland. Public Works Canada also deliberated on
possible dredging around the Public Works graving dock in the 1980s, but declined
after preliminary studies showed that the disposal of the dredgate would potentially be
expensive.
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Photograph 2.4:
Aerial photograph (1989)
of Constance Cove, Esquimalt
Harbour. Compare the present
day shoreline to the original
shoreline.
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Map 2.6: Buildings and other structures on the western shoreline of
Esquimalt Harbour as of 1989

2.6. Possible Contaminant Inputs Associated with Historical Harbour Use
2.6.1. Ship Building, Maintenance, and Repair:
The three dry docks/shipyards plus one marine railway are probably the primary
environmental threat to Esquimalt Harbour (Photographs 2.6 and 2. 7):

The first graving dock opened on the southern shore of Constance Cove in
1887, and was operated by Public Works until its closure in 1927. It
reopened in 1945 as a Navy owned and operated dock (now Naden Dry
Dock);
•

The second facility, the privately owned and operated Yarrows marine
railway and shipyard, opened in 1893 and has been operating ever since
(the old marine railway on the Yarrows was closed only very recently).
During World War II, Yarrows ran a second shipyard on Munroe Head;

•

The third facility, the Department of Public Works Graving Dock which is
immediately to the east of Munroe Head on the northern shore of
Constance Cove, has been in continuous operation since 1927, and is
presently the largest of the three shipyards; and
The Department of National Defence operated a set of marine railways in
the Grant Knoll area, near Duntz Head during WWII.

Contaminants typically associated with ship building, maintenance, and repau
activities include-

•

scraped or sandblasted metals, paints and anti-fouling compounds
(primarily lead, copper, zinc, mercury, and - since the early 1960s organotins ). Sandblasting and application of antifouling paints is not
restricted to ships or smaller boats; other marine structures such as anchor
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buoys or navigational buoys are often sandblasted and treated with
antifoulants;
sand-blasting grit: Even before use, sand-blasting grit contains substantial
concentrations of some inorganic elements such as copper, arsenic, nickel,

zinc, and chromium. In the early twentieth century, most of the sandblasting grit used in western North America (and in Esquimalt harbour)
was produced as a byproduct of metal ore smelting. Metal slag from
smelters such as the Anyox copper smelter on Observatory Inlet, British
Columbia (1904 to 1939) or the Asarco smelter in Washington State have
been routinely used as sand-blasting grit. Metal slags sometimes also
contain organic contaminants (Theisen et al., 1993): "Kieselrot" is the
common name in Germany for a red siliceous slag produced during the
Marsberg copper ore smelting process which involves the chlorinating
roasting (roast-leach process) of copper ore. Theisen et al. (1993) and
others have noted that kieselrot contains a large number of chlorinated
organic contaminants- at measured concentrations of 7,040 ppb total
dioxins/furans; 3,020 ppb total polychlorinated biphenyls (PCBs); 1,670
ppb pentachlorophenol (PCPs); and 1,480 ppb total polycyclic aromatic
hydrocarbons (PAHs). It is unlikely, however, that sand-blasting grits used
in western North America contained appreciable concentrations of
chlorinated organic contaminants, since the Marsberg roasting process
was probably not used here;
•

zinc from sacrificial electrodes; or lead, cadmium, nickel, silver, and
mercury, from batteries;

•

contaminants associated with the storage, transfer, and combustion of
coal. These include PAHs, many of which are potentially carcinogenic.

The use of coal within the shipping industry in Esquimalt Harbour was
largely an historical practice, which declined following the introduction of
diesel fuel;
•

constituents of fuel, lubricant, and cooling liquids containing aliphatic and
polycyclic aromatic hydrocarbons (Photograph 2.8). The aromatic

hydrocarbons, especially the higher molecular weight PAHs, have the
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greatest potential to persist in the environment, and to exert adverse
effects on resident plants and animals. Diesel fuel, the most widely used
fuel for large ships, is an intermediate distillate of crude oil;
approximately 20% is aromatic hydrocarbons (Lee et al., 1992),
depending on the original source of crude oil and the degree of chemical
modification during distillation. Lee et al. (1992) estimated the
concentration range of the polycyclic aromatic hydrocarbons (i.e.,
aromatic hydrocarbons with two or more rings) in four samples of neat
diesel to be approx. 6,500 to 18,000 mg!L, or ""'0.6 to 1.8 %
weight/volume. The less persistent, and less carcinogenic, napthalenes
(napthalene, 1-methylnapthalene, 2-methylnapthalene) are generally the
principal PARs present in summer blends of diesel. Diesel fuels may also
contain other additives, such as diesel ignition improvers, corrosion
inhibitors, and surfactants (Lee et al., 1992);

•

solvents and degreasers

used

in cleaning and

resurfacing,

e.g.,

trichloroethane;

chlorine and chloramines, used in disinfecting ships' potable water
systems after installation and during routine maintenance, and
subsequently released to the harbour;

PCBs from electrical transformers and capacitors;
•

spillage during the on-loading or off-loading of cargo from ships. There
have been, for example, previous 'word of mouth' accounts of the
accidental loss of munitions from naval vessels in the harbour, although
these have never been substantiated. Any material transferred between the
jetties and ships has some potential to be introduced to the sea through
accidental spills;

•

general refuse associated with ship maintenance and refits: materials
stripped from ships during refits may have included asbestos, PCBcontaining electrical equipment, tarred or creosoted timbers, and other
materials. The handling of materials that contain potential toxins, e.g.,
antifouling paints, invariably results in the contamination of storage
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containers which may or may not have been disposed of appropriately;
and

creosoted timbers used in the construction of docks, jetties, and other
shoreline structures.
It should be noted that ship repair activities may take place at any slipway or

marine railway, jetty, or wharf. Building berths are used for ship construction and have a
more confined use, in that paints and antifoulants are generally not scraped or
sandblasted in a construction project. Material Safety Data Sheets for ship paints and
antifoulants commonly used at the Naval Dockyard are included as Appendix C-1 at the
end of this Chapter.

Used and unused sand-blasting grit is presently allowed to enter Esquimalt
Harbour at DND's D-jetty via uncontrolled surface runoff from the outdoor sandblasting
area (Photograph 2.10). DND has incomplete historical records regarding the disposition
of used sandblasting grit from its dockyard operations on Constance Cove. Some of this
may have been used as shoreline fill on the southern shore of Constance Cove (see
section 2.5). The Yarrows shipyard operations may have introduced considerable
quantities of used sand-blasting grit into Lang Cove, Esquimalt Harbour, through
uncontrolled release or dumping (Photograph 2.11). In addition, the western-most portion
of the Yarrows property along the foreshore contains soils which are stained dark black,
due to the presence of sand-blasting grit. Historical practices at the Public Works graving
dock, on the northern shore of Constance Cove, may have partially consisted of the
uncontrolled release of sand-blasting grit to the bottom of the dry-dock followed by
direct introduction to the harbour when the dry-dock was flooded.
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2.6.2. Ship Traffic and Discharge
Local and global ship movement can contribute to both chemical inputs and
biological impacts through uncontrolled bilge- and ballast-water discharge (Photograph
2.9).

Bilge-water discharge

into

Esquimalt

Harbour can

potentially

introduce

contaminants such as fuels, lubricants, solvents, and degreasers. Ship discharge figures
supplied by the CFB Esquimalt Base Environmental Officer are included as Appendix C2. Grey water (water used in cleaning and associated liquid refuse), sewage, and bilge
water are no longer discharged from Naval vessels into the marine environment in
Esquimalt Harbour. Oily waste-water from DND ships is presently collected, treated, as
disposed elsewhere.

The filling of bilge tanks in one environment and discharge into another has been
shown to introduce foreign marine animals, which may have deleterious effects on native
organisms, and which may be pest species. One well known example is the zebra mussel
introduced to the Great Lakes. Zebra mussels, originally a European species, have
proliferated in the Great Lakes at densities which may block the ends of water intake
pipes. In addition, the large number of mussels removes significant amounts of
particulate food from the water which would otherwise be available for native fish and
invertebrates.

Most ships also require holding tanks for sewage and for 'grey water', i.e. waste
water from washing and other uses. As such, both waste streams would be expected to
contain human wastes, detergents and other cleaning agents.

The mixing of various

waste streams on some marine vessels, particularly private vessels with foreign registry,
means that various waste water components may contain a wide range of contaminants.
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2.6.3. Land Based Industrial Activities

Land based industrial activities involving the use and disposal of metals have also
dotted the shoreline of the harbour (Photograph 2.10). Such industries include land based
ship repair facilities (e.g., shipwrights), machine shops, blacksmiths, and foundries.

2.6.4. Storm Sewer Discharges

There are at least 11 storm sewers which discharge into Constance Cove and Lang
Cove, Esquimalt Harbour. These do not generate chemical inputs, but act as conduits for
the introduction of various land-based contaminants. Terrestrial deposits of lead from the
combustion and spillage of leaded fuels, for example, potentially results in leadcontaminated storm sewer discharges. In recent years, the Greater Victoria Capital
Regional District (CRD), Department of Engineering, has begun to monitor the chemical
constitution of major storm sewer flows into marine waters of the Greater Victoria
Region. The chemical composition of storm sewer discharges into Esquimalt Harbour,
however, has not yet been investigated (Trevor Smythe, CRD Department of
Engineering; pers. com.).

2.6.5. Sawmills and Log Booming

There have been at least ten sawmills on the harbour since 1848.

The main

contaminant from sawmills, chlorophenols, is used only during lumber treatment
procedures. Not all of the mills have used such treatment: The Hudson's Bay Company
mill pre-dates such procedures, and apparently the Wilfert Mill did not treat its lumber
either. Pentachlorophenol and polychlorinated biphenyl contamination of ground water
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and surface runoff arising from the West Isle Mill may be a source of contaminant inputs
to the harbour (Photograph 2.12).

Log booming activity in the upper harbour has been very extensive (Photographs
2.13 and 2.14). Log booming invariably creates substantial deposits of bark and wood
waste on the seabed.

This probably does not directly introduce substantial chemical

contaminants to the sea; however, the massive wood waste deposits radically alter the
chemical and physical nature of the seabed. The smothering effect destroys habitat for
bottom-dwelling animals, and creates sulfide-rich anoxic conditions in sediment and
near-bottom waters due to the decomposition of organic waste. The anoxic environment
may also have diverse and complex effects on the partitioning, chemical speciation, and
biodegradation of chemical contaminants found there.

2.6.6. PCB-containing Electrical Equipment

Electrical substations, transformers and capacitors made extensive use of PCBs
prior to the 1970s. Thus, any of the industrial and DND sites on the harbour could
contribute to PCB contamination of the harbour.

2.6. 7. Munitions Magazines

The magazines may have manufactured, mixed or tested black powder and other
explosives. A memo on the typical chemical composition of such powder is included as
Appendix C-3.
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2.6.8. Fill Material

The harbour shoreline has been filled in numerous locations. Prior to the 1980s,
the definition of "clean fill" was simply that which could be built upon, not that which
was free of all contaminants (Don Beamish, pers. com.) One of the long-term Esquimalt
residents interviewed (Jim Findlay) remembers calls being put out to the community for
fill, which was then used without much evaluation. Photograph 2.15 shows old shiprefitting waste which was used as fill in the area of DND's dockyard where the
construction engineering building now stands; the material included 45 gallon drums,
barrels, tires, etc. The Signal Hill shoreline may have been filled (between the years
1948-85, approximately) with shipyard wastes (Don Beamish, pers. com.). Other areas
on the harbour which are known or believed to have received fill are Lang Cove, Thetis
Island, Grant Knoll, Skinner Cove, Dunn's Nook, the fuel oil jetty area on the western
side of the harbour, and the area inside A Jetty.

2.6.9. Dredging

Dredging may disturb layers of historically-deposited contaminants which are
covered by less-contaminated sediment. The Department of Public Works maintains a
record of all dredging in the harbour. Very little dredging has taken place in Esquimalt
Harbour (see section 2.5).

2.6.10. Upland use of Herbicides and Pesticide

Various gardening and agricultural practices could introduce organochlorines,
organophosphates and other contaminants into the marine environment through surface
runoff.
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2.6.11. Uncontrolled waste from industries/activities further up Mill Stream

There is little, if any, information available on the historical inputs into upper
Esquimalt Harbour via Mill Stream originating from diverse activities such as tanneries
which may have operated in the area.

2.6.12. Residential Activity:

There has been some residential and small business development in the northern
and northwestern portions of the harbour. Although there may be some question as to the
integrity of all of the septic tanks used, the environmental threat posed by these systems
is assumed to relatively minor, given the relatively low density of these shoreline
developments.
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Photograph 2.6: Heavily industrialized area of Dockyard area at CFB Esquimalt,
at A-jetty. This is the major naval maintenance and repair area on the west coast
of Canada.

Photograph 2.7: Looking south across Constance Cove. The Public Works graving
dock is in the foreground; Yarrows Shipyard is in on the far shore.

Photograph 2.8: DND fueling jetty (F-jetty) on western shore of harbour. Note the
orange floating booms which have been routinely placed around fueling areas in
recent years to minimize Lhe risks of fuel spills.

Photograph 2.9: Training vessel stationed in Esquimalt Harbour.

Photograph 2.10: Area on D-jetty for the maintenance of anchor buoys and other
ship equipment. The material on the ground is used sand-blasting grit. Note the
close proximity to the harbour (background).
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Photograph 2.11: Stained area along the foreshore of Lang Cove, adjacent to the
Yarrows Shipyard. The staining is caused by discarded sand-blasting grit.

Photograph 2.12: Saw mills and related operations in Plumper Bay may be a
source of chlorophenols (used as wood preservatives) and PCBs to Esquimalt
Harbour.

Photograph 2.13: Piles and log-booms in Plumper Bay (looking north).

Photograph 2.14: Log booming activity in upper Esquimalt Harbour is less
extensive than in the period from the 1930s to 1960s.

Photogra ph 2.15: Ship waste deposited on the foreshore of Constance Cove
(mid 1980s) where DND's Construc tion Engineering Office now stands.

3.

MARINE INVESTIGATIONS

This chapter describes the sampling methods and program used to
determine

the

types,

concentration

and

distribution

of chemical

contaminants in the sediments of Esquimalt Harbour. Section 3.1
(Approach) provides the underlying philosophy behind the investigative
techniques used. Field sampling methods and details of sample locations
for both this work and the Environmental Protection investigations are
provided in Section 3.2. Analytical techniques are briefly described in
Section 3.3; additional documentation may be found in the Appendix E.
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3.1. Approach
Many human activities result in chemical inputs to the environment.

In this

report, such chemicals are referred to as contaminants if they cause a deviation
from the normal composition of the environment. Contaminants are not usually
considered to be pollutants, however, unless they cause a substantial, adverse
change to the receiving environment - particularly to living organisms. It is thus
important

to

distinguish

between

environmental

inputs

(contamination)

and

environmental impact (pollution).

Bottom sediments are major repositories for contaminants introduced to the
sea. Inorganic elements ('metals') such as copper, cadmium, lead, or mercury tend to
adsorb to particulates which are incorporated into the seabed. Many of the persistent
organic chemicals such as polychlorinated biphenyls (PCBs), chlorinated pesticide
residues, and polycyclic aromatic hydrocarbons (PAHs) have a very low solubility in
water, and are also found attached predominantly to solids (Jaffe, 1991, provides a
review). Overall, chemical contaminants occur at much higher concentrations in recently
deposited sediments than in the overlying water column. An examination of sediment
contamination thus provides a reasonable measure of the types and degree of chemical
inputs and provides an indirect indication of the potential for impact.

Contaminants contained in near-surface sediments can exert adverse effects on
marine plants and animals in various ways. For example, many marine animals live in
close association with the seabed. Bottom-dwelling (benthic) animals may burrow into
the sediment, or feed on other organisms living in the seabed.

Benthic organisms,

therefore, may be exposed to higher concentrations of contaminants either by the passage
of contaminants through body surfaces or through their diet.
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Biological accumulation, or "bioaccumulation" can be defined as the uptake of a
chemical substance by a living organism from its environment, either through the food
chain or directly from the environment.

The concentration in living tissues of a

contaminant provides an indication of the portion of total contaminants in the
environment which are in a chemical form amenable to uptake.

This report focuses on contaminants found in the sediment and, to a lesser extent,
the biota of Esquimalt Harbour. A subsequent study - which is in progress - will examine
the impact associated with chemical contaminants in Esquimalt Harbour. Field sampling
for the impact study was conducted in late September 1993, and the results will be
provided as a future report.

3.2. Field Sampling Program

This section

provides details of the field sampling program in or near

Esquimalt Harbour for all samples discussed in this report. The overall contaminant
data set encompasses surface sediment samples, sediment cores, and/or bottom-dwelling
animals collected during Environment Canada (Environmental Protection, EP) and
Environmental Sciences Group (ESG) sampling cruises. A pull-out map (Annex A)
showing the geographic locations and major facilities in Esquimalt Harbour is
included in the front pocket of this report; the reader is encouraged to refer to this
when reading subsequent chapters.
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3.2.1. Environmental Sciences Group (1991-92) Field Program
The Environmental Sciences Group collected sediment and biota samples from
Esquimalt Harbour during the period 24-26 September, 1991, using tqe Federal Fisheries
research vessel, the CSS Vector (Photograph 3.1). The collections comprised three
different types of samples:

•

Surface sediments, i.e., the top 2 - 5 em of sediment, were collected to
examine the spatial distribution of contaminants in recent sediments;

•

Sediment cores were obtained at four locations in the harbour basin to
examine historical trends of contaminant input and vertical extent of
contamination; and

•

Biota were collected using traps and bottom-trawls, or 'hy hand-c9;l,lection
in the intertidal zone to examine the bioavailability of ccnt~mio,ifpts. The
animals that were subsequently analyzed for a broaii ·· r~nge of
contaminants include Red Rock crabs, Cancer productus, and common
mussels, Mytilus trossulus.

Sediment sampling stations were located in order to complement areas sampled
by Environmental Protection (EP; see section 3.2.2 below). The 1990-91 EP program
was designed to examine shoreline contaminant inputs. This is a very useful approach;
however, local hotspots of contamination near the harbour periphery might not reflect the
environmental status of Esquimalt Harbour as a whole. The Environmental Sciences
Group, therefore, sampled the marine sediment at 24 (mostly regularly-spaced) stations
located away from the shoreline within the harbour basin. The sampling locations are
listed as stations EH1 to EH4 and EH6 to EH25 on Map 3.1 (a sample could not be
obtained at station EH5 because the seabed was composed almost entirely of coarse wood
debris). The sampling locations were recorded on deck and, separately, in the wheel
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house using shoreline triangulation to ensure accurate ship positioning. The coordinates
of all sampling stations are listed in Appendix 0-1.

Samples were obtained using methods that were essentially identical to those of
EP in order to facilitate comparison of the different data sets. Triplicate surface sediment
samples were collected at each station using a 0.1 m2 stainless steel Smith Mcintyre
Grab (Photograph 3.2). The top 2-5 em of sediment from each grab were collected after
carefully decanting the overlying water, and the triplicates were pooled. A portion of
each sample was transferred to contaminant-free, amber 1 L 1-CHEM™ bottles using
solvent-rinsed, baked, stainless steel scupulas; this portion was reserved for organic
contaminant analysis. Inorganic element (metal) analyses were performed on sediments
that were collected with contaminant-free plastic scoops into Whirlpak™ bags. All
samples W~re immediately frozen and stored until analyzed.

An additional 13 pooled (triplicate) samples were collected around the harbour
periphery during the period 24-26 September 1991 using a small launch and a stainless
steel Petite Ponar Grab (Photograph 3.3).

These samples were obtained to provide

additional information on the spatial contaminant distributions and shoreline inputs. The
near-shore stations are listed on Map 3.1 as EHS1 to EHS13 (where 'EHS' is short for
Esquimalt Harbour Shoreline). Overall, sediment sample were collected from 50

stations, providing detailed coverage of both the nearshore and basin areas of the
harbour.

Sediment cores were obtained at four basin stations using a Phleger Corer
with an acid-washed, rinsed polyacrylic liner. The locations for core collection were
chosen as representative of the upper harbour (EH7), the central harbour (EH15),
Constance Cove near heavy industrial activity (EH17), and near the mouth of the harbour
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(EH25), as shown on Map 3.1. The length of the cores was limited (s 30 em) due to the
difficulty in penetrating the coarser silt sediments in the harbour basin, and sampling
limitations of the corer. The cores were vertically subdivided at a later date using 'clean'
techniques. Details of core preparation are provided in the Appendices.

Red Rock crabs were collected at four sites in Esquimalt Harbour, as shown on
Map 3.1. The locations are delineated by the labels CB1 to CB4.

Mussels and other

intertidal organisms were collected along wharves and jetties at sediment sampling
stations EHS1, 2, 3, 7, and 9.

Seabed fauna were obtained using a bottom trawl (an Otter Trawl with a mouth,
or 'beam' width of approximately 8 m) along two trawl lines: One trawl line was located
in Constance Cove, running in an approximately east-west direction. A second trawl line
was located outside and south of Esquimalt Harbour, and due east of Esquimalt Lagoon.
The Otter Trawl was towed at a speed of approximately 1 to 1.5 nautical miles/h, and the
collection time was standardized to 25-35 min. The animals collected in each trawl were
sorted, enumerated, and frozen for the future analysis of contaminants in tissues.

Sediment samples were also collected from an additional 13 nearshore stations in
1992, using small boats and a stainless steel Petite Ponar grab. These included stations
EHS14 to EHS21, EHS23 to EHS26, and EHS28 and 29, as shown on Map 3.1. These
nearshore samples were obtained in order to evaluate possible inputs from shoreline
areas, including inputs from D-jetty (EHS14, 16), F-jetty (EHS-15), the DND fire
training area (EHS19), the Cole Island munitions battery (EHS20, 21), and the Yarrows
shipyard.
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•

Photograph 3.1: Department of Fisheries and Oceans research ship CSS Vector
which was used for sampling in Esquimalt Harbour, B.C.

Photograph 3.2: Smith Mcintyre grab, shown here being deployed in Howe
Sound, which was used for obtaining sediment samples in the basin of Esquimalt
Harbour.

Photograph 3.3: Petite Ponar grab used to obtain samples from the harbour
periphery.

Map 3.1: Environmental Sciences
Group Esquimalt Harbour
Sampling Locations 1991-92 .
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3.2.2.

Associated Field Investigations

3.2.2.1. Reference Sediment Samples From Outside the Harbour:
Three additional'reference' or comparative sites were analyzed for PAHs and PCBs along
with the Esquimalt Harbour samples; these were a subset of samples collected by the
Oceanography 432 class of Royal Roads Military College under the supervision of K.
Reimer and D. Bright. The samples immediately outside the mouth of Esquimalt Harbour
(station RR2), and at the end of the Macaulay Point sewage outfall which discharges into
the same general water body (stations CRD-0, CRD-ll)(Map 3.2).
3.2.2.2. Environment Canada Sampling Cruises:
Esquimalt Harbour was

sampled under the direction of Chris Garrett (Head, Toxic

Chemicals Evaluation Division, EP) during 1990-91. Some of the EP samples were
analyzed using funds provided by the ESG; data from these and earlier analyses are
available for interpretation. The sampling locations are shown on Map 3.3. A total of ten
sediment, three water, and 168 individual or pooled biota samples were obtained, with
greater emphasis on the sampling of biota than for the ESG sampling program. Appendix
D-2 includes a list of samples collected. Several of these were analyzed jointly for the
purposes of this study.

An Environment Canada sampling excursion was undertaken independently by
Dwayne Brothers in 1987 (Map 3.4; unpublished data), which comprised 12 sediment
samples from the harbour basin and 18 samples collected from nearshore areas (Drinnan
and Gordon, 1991). These samples were analyzed for inorganic elements: copper,
cadmium, mercury, lead and zinc. The unpublished data have been summarized in this
report, and are compared with the more recent data.
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Map 3.2: Sediments Used for
'Reference' and Other Comparisons
That Were Collected by the RRMC
Oceanogr. 432 Class.
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3.2.3.

Contaminant Screen
The long history of use of Esquimalt Harbour and diverse activities that have

occurred around the shoreline (Section 2.6 provides a summary) required an initial
screen for a wide range of contaminants. The chemicals in Table 3.1 are generally
found in industrial waste associated with ship building, maintenance and repair activities,
refueling, metal founding and forging, treatment of wood with preservatives, and upland
use of pesticides. The origin and possible fate of specific substances is discussed in
greater detail in Section 4.2.

The chemicals listed in Table 3.1 are often divided into two broad categories:
inorganic elements such as arsenic, cadmium, copper, mercury, lead; and organic
contaminants. The sources, as well as environmental fate and effects of inorganic
elements and organic contaminants generally differ.

Inorganic elements occur naturally within the Earth's crust, and are found within
various parts of environment as a result of normal geochemical cycles. Contamination by
inorganic elements usually involves perturbed geochemical cycling, in which there is an
increased concentration in a critical environmental compartment such as the water
column or in living tissue. In aquatic systems, in particular, the impact associated with
inorganic element contamination increases with the concentration of that element :which
is present in a soluble, rather than an insoluble (usually mineralized or partially
mineralized) form.
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Table 3.1: Initial Analytical Suite for Esquimalt Harbour Sediment and Biota
Samples.
Inorganic Elements
arsenic
cadmium
chromium
cobalt
copder
lea
manganese
mercury
nickel
zinc
Polycyclic Aromatic Hydrocarbons
napthalene
acenaphthylene
acenaphthene
flu rene
phenanthrene
anthracene
fluoranthene
rene
enz( a)anthracene
chrysene
benzofluoranthenes
benzo~ e~pyrene
benzo a pyrene
perylene
mdeno(l ,2,3- d)pyrene
d ibe nzohah )anthracene
benzo(g i)pery lene

I?

Phthalate Esters
dimethyl phthalate
dicthyl phthalate
di-N-butyl P.htbalate
benz21 butyl phthalate
bis~ -etly thexyl) phthalate
di- -octy phtbillate
Phenols, Guaiacols, Catechols
2,4 6-trichlorophenol
2, ,6-trichlorophenol
2,3,5-trichlorophenol
2,4 5-trichlorophenol
2,3,4-trichlorophenol
,4,5-trichlor ~heno l
2,3 5,6-tetracb orophenol
2,3,4 6-tetrachlorophenol
2,3,4 5-tetrachlorophcnol
~entachlorophenol

4,5-trichJoroguaiachol
4 5 6-trichloro~uaiachol
3 4 5,6-tetrach or~aiachol
3 4,5-trichlorcatechol
4 5,6-tetrachl rcatechol

Pesticides
a-HCH
~-HCH

-HCH
oxychlordane
trans-chlordane
cis-chlordane
trans-nonachlor
cis-nonachlor
heptachlor
hepta hl or epoxide
p p'-DDT
p,p'-DDE
o,p'-DDE
p,p'-DDD
o,g-ooo
H B
aldrin
dieldrin
a-endosulphan
endrin
mirex
methoxychlor
Dioxins/Furans
DD-TotaJ
3,7, P CDD-Total
12 3 7 -

Tz

HfC5b~Tota l

,2,3,4,7,81,2,3,6,7,81,2,3, 7,8,9H7 CDD-Total
1,2,3,4,6,7,80 8 CDD
TZCDF-Total
,3,7,8PlCDF-Total
2,3,7,82 3,4,7,8HfCDF-Total
2 3 4 7 81,2,3 ,6 7,82 3,4,6,7 81 2fi,7 8,9H7 C F-Total
I 2,3,4,6 7,81 2,3 4 7 8,90 8 CDF
Organotins
tributy ltin
dibutyltin
butyl! in
lricyclohexyltin
dicyclohexyltin
triphenyllin
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PCBs
Aroclor 1242
Aroclor 1254
Aroclor 1260
coy§eners
15//17
54
31
28
52
49
44
40/103
61/94/74
66/80/95
121
56/60
90/101
86/97
87
77/154/110
151
135/144
149
118
143
114
132/153
105
141/179
137
138/158
129/126
187/182/159
183
128
185
174/181
202/171/156
173/201
180
191
170
199
203/196
189
208/195
207
194
205
206

Inorganic element contaminants tend to exert their influence on living organisms directly;
i.e., the greatest impact is experienced by an organism which directly comes in contact
with bioavailable form(s) of the inorganic element at elevated concentrations within the
environment.

Organic contaminants, in contrast, consist mainly of man-made chemicals. Some
of the organic contaminants are persistent once released to the environment; i.e., they are
not easily broken down by microbial action, photolysis by ultraviolet radiation (sunlight),
or other chemically- and biologically-mediated processes. Furthermore, the high
volatility (ease of evaporation) of some organic contaminants allows the atmospheric
redistribution away from a source of input. Thus, even in areas where there is no major
local source of many organic contaminants, they may be found (e.g., DDT, PCBs, other
organochlorines; Ballschmitter, 1993).

Chlorinated organic contaminants are both extremely fat soluble (lipophilic)
and resistant to degradation; as a result these substances tend to increase in
concentration from lower levels in the food chain (i.e., plants and herbivores) to
higher levels (secondary and tertiary predators), a phenomenon known as
biomagnifications. The net result is that inputs of some organic substances at
concentrations which are non-toxic can eventually lead to levels in predatory birds
and mammals which are many orders of magnitude higher, and which are
potentially harmful. For example, the biomagnification of DDT residues in Peregrine
Falcons along the eastern seaboard of the United States and in southern Ontario may have
caused an almost complete population failure in the 1960s and '70s (Peakall, 1988). It

5 Biomagnification is the now well-documented tendency of certain persistent, lipophilic contaminants to

increase in concentration from organisms at the base of the food chain (e.g., plants, herbivores) to animals
further up the food chain (e.g., top predators such as marine mammals).
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should be stressed that the environmental persistence, tendency to biomagnify, and
toxicity of organic contaminants varies widely according to chemical structure. Not all
organic substances persist or biomagnify.

All sediment samples and selected biota samples were analyzed for
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), and
the inorganic elements arsenic, cadmium, cobalt, copper, lead, manganese, mercury,
nickel and zinc, after the initial round of analyses (see Section 4.2). Nearshore
samples collected as part of the ESG sampling program collected in 1992 were also
analyzed for chromium.

3.3. Analytical Methods

The 1991-1992 ESG sediment and biota samples were analyzed for inorganic
elements (arsenic, cadmium, cobalt, copper, lead, manganese, mercury, nickel, zinc) by
atomic absorption spectroscopy at the Analytical Services Unit of Queen's University
under the supervision of Dr. John Poland. Organic substances as shown in Table 3.1 were
analyzed by AXYS analytical service, under the supervision of Dr. Careen Hamilton, for
the samples collected by both the ESG and EP. The methods for analysis of organic
contaminants primarily involved gas chromatography/mass spectroscopy or gas
chromatography/electron capture detection. Complete details of the analytical methods
are provided in Appendix E.

Many environmental investigations are hindered by analytical data that are not
credible. Given the past record of routine analysis at many private analytical laboratories,
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it is advisable to initially approach analytical data with some disbelief. The quality of the
data (i.e., its accuracy, reliability, and interpretability) can be easily checked by reference
to rigorous quality assurance/quality control (QNQC) measures at all stages of sample
collection, storage, handling and analysis. Contemp orary QNQC considera tions are well
understood, and must be a routine part of any environm ental investigation if the data are
to be interpreted with any confidenc e.

A rigorous QA/QC program was applied to the collection, storage, and
analysis of all samples from Esquimalt Harbour. The specific details of the QNQC
are reported in Appendix F.
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4.

CONTAMINANTS IN SEDIMENTS
Chapter 3 discussed how levels of contaminants provide a measure of
cumulative inputs to the marine environment. Chapter 4 examines the

concentration ranges and distributions of contaminants within the sediment
of Esquimalt Harbour. Section 4.1 addresses inorganic element concentrations
in harbour sediment, and provides a comparison with local background
concentrations. The spatial pattern of inorganic element concentrations in the
Esquimalt Harbour seabed is interpreted to define major sources of contaminant
input.
Similarly, Section 4.2 documents background concentrations of several
organic

substances,

including

polycyclic

aromatic

hydrocarbons

and

polychlorinated biphenyls. Sediment contamination is examined on a substanceby-substance basis for these and other environmentally-persistent organic
substances in order to identify major contaminants of concern in the harbour. The
chemical structure, possible sources, and environmental behaviour of specific
contaminants is briefly reviewed, and the spatial pattern and shoreline sources of
input of PCBs and PAHs is discussed.

Section 4.3 examines the vertical

distributions of inorganic elements, PCBs, and PAHs in the sediment cores from
the harbour.
The complete set of sediment contaminant data for the ESG
sampling program is provided as Appendices G (inorganic elements) and
H (organic substances). The Environmental Protection data for Esquimalt

Harbour sediment and biota samples are provided in Appendix I. Quality
Assurance/Quality Control Data for both the ESG and EP programs are
discussed in Appendix F.

79

4.1. Inorganic Elements
Various inorganic elements are used extensively in industrial and domestic
processes and products. Copper, zinc, mercury, lead, arsenic, and chromium may have
been introduced to Esquimalt Harbour as biocidal ingredients in antifouling paints, used
extensively on ships hulls and other marine structures. The concentrations in sediments
of inorganic elements used in antifouling paints may have been further increased by
localized stripping and sandblasting during ship maintenance. Sandblasting grit, even
before its use contains high concentrations of some elements (see Section 2.6).

Nickel, lead, cadmium, zinc and mercury are often released after the inappropriate
disposal of batteries and battery fluid. Lead is a well known additive of some automotive
fuels, although most marine diesels do not contain lead additives. Many of the inorganic
elements are used in metal alloys; given the diverse metallurgical and foundry activities
that have occurred around Constance Cove in particular, there has been significant
potential for marine environmental inputs of inorganic elements.

4.1.1 . Local Background Concentrations
The background concentration6 of chemical substances in a region provides a
starting point for evaluating the local influence of anthropogenic 7 activity. Inorganic
elements were not analyzed in sediment samples collected outside the harbour by the
ESG. Background sediment data, however, are available. Parry Bay is located along the
southeast coastline of Vancouver Island, south of Esquimalt Harbour, and recent (1992)
data have been reviewed by the Marine Monitoring Advisory Group of the Capital
6The chemical concentration in a given environmental compartment either before the onset of human-

related input, or in samples substantially isolated from the input of concern.
of human origin.

7Anthropogenic:
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Regional District (MMAG, 1993). The location of Parry Bay is provided in Map 3.2. The
concentrations of inorganic elements shown in Table 4.1 are probably typical of
natural, silty sediments along the northern periphery of Juan de Fuca Strait; these
can be assumed to be background concentrations.

Table 4.1: Background Concentrations of Inorganic Elements Outside Esquimalt
Harbour (Parry Bay Sediment Data; MMAG, 1993).
Element

Concentration Range
(~-tg/g, or parts per million; ppm)

4.9-5.0
<1.0
36-39
13- 15
7.0- 8.0
<0.05
61-66

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Zinc

Naturally-elevated inorganic element concentrations may also occur along the
British Columbia coast and elsewhere as a result of the local mineralization. 'Typical'
background concentrations, therefore, should be interpreted with caution.

4.1.2. Inorganic Elements in Esquimalt Harbour Sediment
All fifty samples collected by the ESG in Esquimalt Harbour (Map 3.1) were
analyzed for the inorganic elements arsenic (As), cadmium (Cd), cobalt (Co), copper
(Cu), lead (Pb), manganese (Mn), mercury (Hg), and zinc (Zn). In addition, 13 nearshore
sediment samples were analyzed for chromium (Cr). The ranges of concentrations (mean,
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sample standard deviation, minimum and maximum) are shown in Figures 4.1 and 4.2.
Note that the 24 basin stations and 26 nearshore stations are plotted separately.
Chromium (not shown) in nearshore sediments exhibited a mean concentration of 59 ppm
(std. dev.

= 35

ppm) with a maximum concentration of 134 ppm at station EHS24, near

the Yarrows property. One possible source of chromium is as a constituent of antifouling
paints (see Materials Safety and Data Sheets for some antifouling paints, Appendix C-1).

Most of the inorganic elements analyzed in Esquimalt Harbour sediments, ·
particularly copper, zinc, lead, cadmium, arsenic and mercury - had mean and
maximum concentrations that were significantly elevated over the background
concentrations shown in Table 4.1. The background (Parry Bay) concentration of
arsenic, for example, was approximately 5 ppm, whereas the maximum concentration
encountered in Esquimalt Harbour (according to the ESG data) was 557 ppm. The lead
concentration in Parry Bay sediments was 7 to 8 ppm, while the maximum lead
concentration m Esquimalt Harbour was 920 ppm. The concentrations of most

measured inorganic elements in Esquimalt Harbour sediment were one to two
orders of magnitude higher than the Parry Bay background concentrations.
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Figure 4.2: Concentrations of Lead, Manganese, Mercury and Zinc in Esquimalt Harbour
Sediments. (ESG Samples: Basin, N=24; Nearshore, N=26; Brothers 1987 Data:
Basin, N=17; Nearshore, N=13)

The inorganic element concentrations determined from the 1992 ESG sampling
program were similar to data obtained from samples collected by Environment Canada
(Brothers) in 1987 (Map 3.4), as shown in Figures 4.1 and 4.2.

Nearshore stations exhibited considerably higher contaminant levels than
stations within the harbour basin (Figures 4.1, 4.2). This suggests that shoreline
inputs are the major contributors to sediment contamination in Esquimalt Harbour.
An alternative explanation is that nearshore sediments are finer and probably have a
greater amount of organic matter, owing to a reduced exposure to tidal and windgenerated currents than near the centre of the harbour. Finer sediments, often rich in
organic matter, have a larger surface area for the adsorption of contaminants than coarse
sediments, and often have higher contaminant concentrations. In this instance, however,
shoreline inputs were more important than differences in sediment texture: The sediment
particle size of many nearshore areas in Constance Cove and near D-, F-, and G-jetties
did not differ substantially from that of the harbour basin (qualitative observations).
Furthermore, discrete areas of shallow water near the shore had inorganic element
concentrations which differed substantially from each other. This is examined in greater
detail in Section 4.1.3.

Overall, the

data indicate that most of the inorganic elements examined

may be considered contaminants of concern in Esquimalt Harbour owing to their
presence at levels which are much higher than natural marine sediment
concentrations. The harbour-wide spatial distributions of inorganic elements is
examined in greater detail in Section 4.1.3 below.
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4.1.3. Spatial Patterns of Inorganic Elements in Harbour Sediments

The spatial distribution of inorganic elements in the Esquimalt Harbour
seabed was examined using the data from the SO ESG sampling stations. The
approach was to define general patterns of distribution in sediments, and to provide
a graphical summary of the information on a harbour-wide basis. The computer
program Surfer™ was used to define concentration gradients (as isopleths). Data from
the 50 locations were converted to contaminant contour maps employing the 'Kriging'S
method. The resulting maps were in all respects comparable to contaminant distribution
maps produced using other interpolation techniques in Surfer (inverse distance or
minimum curvature algorithms). Maps 4.1 to 4.7, therefore, are generally indicative
on a harbour-wide basis of inorganic element distributions in sediments in 1991-92 .
A finer-scale assessment of individual contaminant distributions (i.e., within discrete
areas of approximately 0 - SO m diameter) is not intended here 9 ; the reader is
encouraged to examine the tabulated data in Appendices G, H and I for an evaluation of
contaminant distributions on a site-by-site basis.

Maps 4.1 to 4.7 (located at the end of Section 4.1) provide the spatial
concentration maps for several inorganic elements in Esquimalt Harbour (respectively :
copper, zinc, lead, arsenic, mercury, cobalt and cadmium). The distributions of the
inorganic elements fall into three categories which are considered separately in the
following sections.

8 Kriging

is a mathematical technique for interpolating discrete values along a plane to define the general
distributions of that value over the entire area. When applied to geographical information such as sediment
contaminant data, the net result is a type of visual'pattern analysis' in which the information is mapped,
using contours.
9In comparing the contour maps with the raw data, we found that the contours accurately identified areas
of contaminant elevation (i.e., concentration peaks), but the magnitude of decline in concentration away
from highly contaminated areas was sometimes underestimated by the contours.
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4.1.3.1. Copper, Zinc, Lead, Arsenic, Mercury

Copper, zinc, lead, arsenic and mercury - in the first category - all exhibit a
similar spatial distribution: The highest sediment concentrations occurred in
Constance Cove near the Public Works Graving Dock, Dockyard and the Yarrows
property, as well as near D-jetty on the western shore of the harbour. Copper, lead
and arsenic concentrations (Map 4.1, 4.3 and 4.4 respectively) were higher in sediment
samples collected near the Public Works Graving Dock than elsewhere in the harbour.
Indeed, the concentrations of most measured contaminants were higher in samples
EHSlO and EH15 (Map 3.1), collected near the entrance to the Graving Dock, than in
other areas of the harbour. Substantial inorganic element contamination was also found
around D-jetty. Zinc, in particular, occurred at elevated concentrations in sediments in
this area.

Copper, arsenic, and mercury sediment concentrations were also locally elevated
near DND's dockyard (A-jetty, B-jetty, and the Naden Dry Dock) and the Yarrows
Shipyard. In contrast, lead concentrations in sediment samples from near DND's
Dockyard were generally not higher than in Constance Cove sediments.

Practices which can introduce arsenic to the environment include pesticide use,
fossil fuel combustion, use of arsenic-based wood preservatives, and refining and
smelting of nonferrous metals. The high arsenic concentrations in Esquimalt Harbour
near ship maintenance facilities might be due to release associated with metal foundry
and forging. Lead shot and ballast, for example, may contain high arsenic concentrations.
An obvious source of copper, zinc and lead contamination is the use and disposal of
antifouling paints. Disposal of batteries or their contents is another possible source of
metal contamination, especially for lead and mercury.
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It is also likely that sand-blasting has resulted in the input of inorganic elements

to near-shore areas. Three samples of sand-blasting grit were obtained in 1992 from ship
maintenance and repair areas around DND property on Esquimalt Harbour. One sample,
EHD-3, was collected on 26 November 1992 from

grit previously used on and

subsequently transferred from the HMCS Provider at Dockyard. Two other samples were
obtained from the sand-blasting area at D-jetty. One of these samples, EHD-2, was used
sand-blasting grit taken from the area where anchor buoys are stripped. The other sample,
EHD-1, was unused sand-blasting grit spilled in the open storage shed. The latter sample
contained both the more-recently used 'Green Diamond™' grit and older shiny black
material.

Table 4.2 shows inorganic element concentrations in the three samples of sandblasting grit:

Table 4.2: Composition of Locally-Used Sand-Blasting Grits - Inorganic Element
Concentrations (in f,tg/g, or parts per million; ppm).

Sample

EHD-1

EHD-2

EHD-3

24
28
9.1
<1.0
31
180
23
<0.20
650
1040

2200
460
41
<1.0
71
570
51
<0.20
1300
4030

69
1200
102
<1.0
300
800
0.6
<0.20
890
4100

Element

Cu

Ni
Co
Cd
Pb
Zn
As
Hg

Mn
Cr
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Both samples of used sand-blasting grit contained appreciable concentrations
of zinc, chromium, cobalt, and nickel in comparison with background marine
sediments. Sample EHD-2 also contained very high copper levels. In contrast, the
spillage or runoff of either new or used sand-blasting grit is probably not the major
source of either cadmium (Cd) or mercury (Hg) to the harbour.

Overall, copper, zinc, lead arsenic and mercury were present in the seabed at
much higher concentrations in Constance Cove to the east of a boundary line
between Duntz Head to the south and the Royal Navy Yacht Club to the north than
in the central or northern harbour. Additional localized maximum contaminant
loads occurred in the sediment near D-jetty. The area of sediment which was
obviously contaminated by these inorganic elements, furthermore, was quite large comprising all of Lang Cove, Constance Cove and portions of the harbour basin
near D-jetty.

4.1.3.2. Cobalt, Nickel, Manganese

The cobalt, nickel and manganese sediment distribution was significantly
different than that of the aforementioned inorganic elements, and is therefore placed in a
second distinct category. The cobalt concentration was highest near D-jetty, but was not
elevated or was only slightly elevated around the periphery of Constance Cove. The
apparent cobalt maximum around D-jetty (Map 4.6), in fact, is misleading. The contours
are biased by a cobalt concentration at station EHS2, adjacent to D-jetty of 53 ppm
(Appendix G). The sediment cobalt

c~mcentrations

in sediment at stations EHS14, 15,

and 16 - also near D jetty - were all <5 ppm. The contamination of sediment by cobalt
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therefore was very localized, and elevated concentrations in a few nearshore samples
were only slightly higher than background marine sediment concentrations (Table 4.1 ).

Cobalt was present in all three samples of sand blasting grit which were analyzed
for inorganic elements at concentrations ranging from 9.1 to 102 ppm. Cobalt in the
sediment sample near D-jetty is similar in concentration to used and unused sand-blasting
grit, and might be attributable to accidental spillage. Cobalt in sediment probably has
limited potential for remobilization, since the sediment levels are uniformly low farther
away from D-jetty.

Nickel and manganese sediment distributions (not illustrated in contour maps)
were similar to cobalt distributions, except that there was no localized maximum
concentration at D-jetty (EHS2). The Esquimalt Harbour seabed, therefore, is generally
not contaminated by cobalt, nickel, or manganese.

4.1.3.3. Cadmium

Cadmium (Map 4. 7) is placed in a third category based on its sediment
distribution. The cadmium concentration in upper harbour sediment samples was

generally higher than in samples from other areas of Esquimalt Harbour, including
Constance Cove exclusive of a few nearshore samples. Map 4.7 accurately reflects the
sediment data as tabulated in Appendix G: Very localized elevations in cadmium
concentration occurred in Lang Cove, near Dockyard, and near the Public Works Graving
Dock; these undoubtedly reflect nearby inputs (see also Appendix G).
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The reason for an elevated cadmium concentration in upper harbour sediments is
less obvious. One possible source of cadmium may have been historical inputs to Mill
Stream or elsewhere in the upper harbour. As reviewed in Chapter 2, there was probably
a lime-kiln, float plane dock, and one or more tanneries located on or near the upper
harbour in the late 1800s or early 1900s. The now disused Cole Island munitions battery
is also located in the upper harbour. The historical information does not provide any
clues about the specific source of cadmium. An alternate explanation for the observed
distribution is that cadmium concentrations may be higher in the upper harbour due to an
increased amount of organic matter in the sediment. The storage of log booms in the
upper harbour and in Plumper Bay has resulted in extensive organic loading to the
sediment in the form of wood waste deposits. Several inorganic elements, including
cadmium, have a high affinity for particulate organic matter. Pedersen et al. (1988)
described cadmium enrichment in a west coast fjord, attributable to sorption from
naturally-occurring cadmium in the water column, a phenomenon associated with
organic- and sulfide-rich surface sediments. If this is the case, the original source of
cadmium- either as human-induced inputs or derived from natural mineral sinks - cannot
be determined from the sediment data.
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Map 4.1: The Spatial Distribution of Copper in Esquimalt Harbour
Surface Sediment- Concentration Contours (in parts per million, ppm).

Map 4.2: The Spatial Distribution of Zinc in Esquimalt Harbour
Surface Sediment Concentration Contours (in parts per million, ppm).

Map 4.3: The Spatial Distribution of Lead in Esquimalt Harbour
Surface Sediment - Concentration Contours (in parts per million, ppm).

Map 4.4: The Spatial Distributio n of Arsenic in Esquimalt Harbour
Surface Sediment- Concentra tion Contours (in parts per million, ppm).

Map 4.5: The Spatial Distribution of Mercury in Esquimalt Harbour
Surface Sediment - Concentratio n Contours (in parts per million, ppm).

Map 4.6: The Spatial Distributio n of Cobalt in Esquimalt Harbour
Surface Sediment - Concentra tion Contours (in parts per million, ppm).
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Map 4.7: The Spatial Distribution of Cadmium in Esquimalt Harbour
Surface Sediment - Concentratio n Contours (in parts per million, ppm).

4.2. Organic Contaminants

A variety of activities on and near the periphery of the harbour may have
contributed to the input of organic contaminants (Section 2.6). Coal was used extensively
in the early days of harbour occupation, until it was replaced by diesel fuel. Lubricants,
cooling liquids, transformer fluids and antifouling compounds were also used and all
have the potential to cause impact. Unlike inorganic elements, most of these substances
do not occur naturally, but have been introduced through anthropogenic activities and
redistributed on a global basis. The following sections consider the properties of several
of the more important organic contaminants, and describe their distribution in Esquimalt
Harbour.

4.2.1. Local Background Concentrations
Background concentrations of man-made organic contaminants such as PCBs or
dioxins can be greater than the expected value of zero as a consequence of inputs from
distant sources. Frequently, these compounds can be transported in the atmosphere, rivers
and currents. Station RR2 outside the mouth of Esquimalt Harbour (Map 3.2) is removed
from the immediate influence of shoreline inputs in Esquimalt Harbour. The sediments
here are expected to receive anthropogenic inputs from more diffuse sources such as
ship- and boat- related activity, atmospheric deposition, and various non point-source
discharges. There is also the potential for inputs to the northern Juan de Fuca Strait from
the sewage outfalls located near Macaulay and Clover Points. Stations CRD-0 and CRD11 (Map 3.2), located at the terminus of the Macaulay Point outfall and 1.6 km to the
west respectively, provide some insight into this possibility.
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Sediment samples from stations RR2, CRD-0 and CRO-ll were analyzed for
PCBs and PAHs as part of the ESG analytical program. The analytical results are
summarized in Table 4.3. The PAHs in sediments at station RR2 were similar in
concentration to sediment samples from Parry Bay [i.e., 70 to 80 ppb low molecular
weight PAHs (LPAHs), or 100 to 220 ppb high molecular weight PAHs (HPAHs);
Marine Monitoring Advisory Group, 1993; Table 4.3] which is located approximately 15
km south of Esquimalt Harbour, away from direct industrial and urban activity. The

background concentration of PAHs in the Greater Victoria coastal region,
therefore, is assumed to be s 100 ppb LPAHs and s 300 ppb HPAHs. The
concentrations of all PAHs were one to two orders of magnitude lower in the sediment
sample collected south of Esquimalt Harbour (RR2) than in the two samples collected
near the Macaulay Point outfall (CRD-0, CRD-11; Table 4.3).

PCBs were detectable in one sediment sample collected at station RR2, at a
total concentration of approximately 3 ppb; this preliminary value may represent
the local background concentration in marine sediment.
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Table 4.3: Concentrations of Organic Contaminants in Sediments from Northern
Juan de Fuca Strait, near Esquimalt Harbour (based on field duplicates).
Concentration
Sample

*CRD-0

*RR2

(ppb, or nglg)
*CRD-11

mean

S.d.

17
3.3
2.5
8.3
41
5.0

5.2
1.4
0.0
1.5
4.4
1.7

15
14
9.0
14
13

3.1
2.6
3.6
2.6
2.1

11

2.3

<20

0

200

<20
<20

0
0

890
3700
4600

1000
3500
4600

77
100
180

7.1
16
23

3.4
3.1
3.2

2.4
1.5
3.5

mean

s.d

mean

s.d

mean

s.d

6.39

0.04

6.32

0.34

6.73

0.18

23
2.8

5.7
1.8

49

0.0
3.5
1.0

63
4.4
59
41
470
240

86

8.5
29
5.9

110
11
140
120
1070
370

68
77
530
140

87
89
670
150

Fluoranthene
Pyrene
Benz( a)anthracene
Chrysene
Benzofluoranthenes
Benzo( e)pyrene
Benzo( a)pyrene
Perylene
lndeno(l ,2,3cd)pyrene
Dibenz( ah )anthracene
Benzo(ghi)pery lene

30
30
20
20
30
13
20
37
12

5.7
7.8
11
7.1
12
4.5
11
3.5
5.6

2900
1900
1400
860
1700
610
1400
280
780

2400
1400
1100
630
1400
470
1000
200
600

770
700
350
250
440
200
420
100
220

760
700
330
240
400
190
420
70
210

12

5.2

140
540

100
390

56
200

Total LPAHs
Total HPAHs
Total PAHs (sum)

69
220
290

12
73
85

1800
13000
14000

870
9700
11000

1.2
1.5
0.7

0.14
0.14

3.2
5.6
1.3

0.28
1.11
0.42

sample dry wt.(g)

**Parry Bay

PAHs
Napthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene

PCBs
Aroclor 1242
Aroclor 1254
Aroclor 1260

n/a

7.4
9.6
10.1
1.81
Aroclor Total
3.1
0.49
* mean and standard deviation of field duplicates.
** mean and standard deviation of three samples collected from separate stations in Parry
Bay.
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4.2.2.

Polychlorinated Biphenyls (PCBs) in Esquimalt Harbour Sediment
The production of PCBs began in 1927 (Paasivirta, 1991). These compounds were

used extensively in the 1950s and 1960s, primarily as thermal transfer fluids/coolants in

5

3
2

J6

11

Cl

para

4

Cl

meta

ortho

Cl

6'

2'

Cl

)
5'

3'

I

4'

Cl

Cl

A biphenyl ring showing positions
and nomenclature for Cl atoms.

PCB Congener 153
(2,2',4,4',5,5'-hexachlorobiphenyl)

electrical transformers and capacitors. Approximately 25% of the global production of
PCBs, however, was used in the manufacture of other products, such as plasticizers,
paints, non-carbon copy paper, and adhesives.

PCBs are actually a mixture of up to 209 different compounds, or congeners,
each differing in the number and positions of chlorines around a biphenyl ring
structure. It has been a common practice in the past to quantify PCBs as 'Aroclors', i.e.,
relative to technical mixtures of PCBs which were manufactured for use in electrical
transformers, capacitors, and other electrical equipment. The relative concentrations of
individual congeners in environmental samples usually differ from that of the commercial
mixtures. In addition, each PCB congener has different chemical and toxicological

properties (Safe, 1984, 1990). It is, therefore, important to assess the concentrations
of individual PCB congeners in order to assess the relative toxicity.
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The distributions of individual PCB congeners within different samples can also
be used as 'signatures'. Different technical mixtures of PCBs, marketed in North America
primarily as Aroclors, contain different relative proportions of

chlorinated product.

Aroclor 1242 contains, on average, chlorine atoms in 42% of the available positions on
the phenyl rings. Aroclor 1260 contains congeners which are, on average, 60% fully
chlorinated. The degree of chlorination influences the chemical properties of PCB
congeners. The aqueous solubility tends to decrease with increased chlorination, whereas
the resistance to chemical or bacterial degradation or the difficulty of elimination from
organisms by excretion increases with an increasing number of chlorine atoms. The

congener signature of PCBs provides a means for tracing the possible origins of
PCBs introduced to the environment, and modifications associated with the
environmental partitioning of specific congeners.

All 50 Esquimalt Harbour sediment samples collected by the ESG, and the three
reference sediment samples from outside the harbour were analyzed for PCBs (Table
4.3).

Sediment concentrations of PCBs were first interpreted using the total PCB

concentration (i.e., as the sum of Aroclors 1242, 1254, and 1260). The minimum total
PCB concentration found was 3.2 ppb (parts per billion) at station EHS5 in Thetis Cove,
Plumper Bay. This value is similar to the estimated background PCB sediment
concentration (i.e., - 3 ppb; Table 4.3).

Station EHS12 in the southern portion of

Plumper Bay exhibited a sediment PCB concentration of 36 ppb. The West Isle sawmill
site is located on the shore of Plumper Bay, and has been the subject of recent
investigations of both PCB and pentachlorophenol contamination (Envirochem, 1992).

The Plumper Bay sediment PCB concentrations observed in this study suggest that
terrestrial PCB contamination on the West Isle sawmill site has not resulted in
substantial contamination of the adjacent marine environment. The sediment sample
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collected by EP (Plumper Bay site #2) contained 31 ppb total PCBs (Appendix I), a result
that agrees well with the ESG data.

The average concentration of total PCBs in Esquimalt Harbour basin sediments
was 153 ppb (st. dev.

= 168

ppb); the average total PCB concentration based on

nearshore stations was 421 ppb (st. dev.

= 944

ppb). The PCB levels in Esquimalt

Harbour sediment, therefore, are substantially elevated over sediment samples
collected from outside the embayment (Table 4.3). Station EHSlO, at the entrance to
the Public Works graving dock, and station EHS24, near the Yarrows dry dock, had
sediment PCB concentrations of 4,600 ppb and 2,100 ppb respectively, which were
by far the highest values encountered. Based on the EP data, the total PCB
concentrations in near-shore Constance Cove sediments varied from 31 to 1,500 ppb
(Appendix I).

4.2.2.1. Harbour Sediment PCB Congener Signatures
Eight sediment samples were analyzed for PCB congeners as part of the ESG
analytical program.

The PCB congener data are included in Appendix H, and

summarized in Figure 4.3. Individual congeners are represented along the horizontal axis
according to their IUPAC numbers, in the order that they emerge from the gas
chromatography column and are detected during analysis. Less chlorinated congeners
tend to elute from the column first, followed by more heavily chlorinated congeners. The

congener signatures in various sediment samples can be compared to that of the
original Aroclor PCB technical mixtures (Figure 4.3).

Two major conclusions can be made based on the evaluation of PCB congener
signatures. First, the congener distributions in sediment collected in Constance Cove or in
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the upper harbour are very similar to that of a 1:1 mixture of Aroclor 1254 and Aroclor
1260. This is not surprising, since these were among the most widely used technical PCB
mixtures in North America. Lower chlorinated congeners such as congener 18, 28, and
52 were probably contributed by inputs of technical mixtures such as Aroclor 1242 10 •
Second, all Esquimalt Harbour sediment samples had a similar congener composition
with the exception of the sample from station EH25 (Figure 4.3): The more heavily
chlorinated congeners, especially congener 206, had a much greater relative abundance at
station EH25.

The similar congener composition between Constance Cove sediments (including
highly contaminated sediments immediately adjacent to the DPW Graving Dock) and the
upper harbour (Stn. EH3: Figure 4.3) provides evidence for the harbour-wide
redistribution of PCBs, as a consequence of inputs to Constance Cove. The concentration
scales of individual plots in Figure 4.3 provide an indication of the scale of redistribution;
this is discussed in greater detail in section 4.2.3.

lOit is expected that the congener composition of the sediments does not reflect a single input event, but
rather cumulative inputs over several decades (see also Section 4.4- Vertical Sediment Distributions).
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Figure 4.3: Compariso n of Individual PCB Congener Distributio ns
with Signatures of Aroclor Mixtures.

4.2.2.2. Coplanar PCB Congeners in Esquimalt Harbour Sediment
Non-ortho-substituted PCBs are, by definition, the congeners which do not have
chlorines attached to the phenyl rings in positions directly adjacent to the link between
them.

Non-ortho-substituted congeners, and to a lesser extent, mono- and di-ortho-

substituted PCBs, are thus able to attain a coplanar conformation in which the phenyl
rings are oriented in one plane. Coplanar PCBs are considerably more toxic than non-

coplanar PCBs, and exert their toxicity through biochemical pathways in a manner
similar to the more toxic dioxins and furans (Paasivirta, 1991) 11 •

Coplanar PCB

concentrations, therefore, provide a much more direct measure of the potential for
toxicity.

Eight sediment samples, collected as part of the EP sampling program (Map 3.3)
were analyzed for the coplanar PCB congeners 77, 126 and 169 (Table 4.4):

11 PCB congeners may also exert deleterious effects by other mechanisms; however, attachment to the
dioxin- or Ah- (Aryl hydrocarbon hydroxylase) receptor is presently thought to be the main route of toxic
action.
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Table 4.4: Concentrations of Coplanar PCB Congeners in Esquimalt Harbour
Sediment (in pg(g, or parts per trillion).
congener 126

congener 77

Station

congener 169

*NDR (11)

< 4.8

<7.2

Constance Cove #1

3,900

720

55

Constance Cove #2

500

NDR (220)

<6.8

Constance Cove #3

1,200

92

<9.8

Constance Cove #4

560

80

NDR (12)

Constance Cove #5

310

NDR (66)

NDR (24)

Constance Cove #6

340

44

NDR (24)

Upper Harbour

<39
<42
110
Plumper Bay #2
* NDR indicates that a peak was detected on the gas chromatography trace, but was not readily
quantifiable due to interfering compounds or other problems. The bracketed value represents a theoretical
maximum concentration.

Most of the toxicity of PCBs in Esquimalt Harbour sediment is attributable
to the presence of coplanar congener 77. The coplanar PCB concentration in the upper
harbour or in Plumper Bay was very low in comparison to the periphery of Constance
Cove. The preliminary data suggest that the toxicity of PCBs, measured as coplanar

PCBs, may be limited to Constance Cove near areas of direct input.

4.2.3. Spatial Distribution of PCBs in Esquimalt Harbour Surface Sediment

As part of the initial analytical screen, polychlorinated biphenyls (PCBs) were
found at high concentrations in a subset of Esquimalt Harbour sediment samples relative
to background levels (Section 4.2.2). Therefore, PCBs were analyzed in all Esquimalt
Harbour sediment samples in order to ascertain the spatial distribution. The sediment
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distribution of total PCBs (Aroclor 1242 + Aroclor 1254 + Aroclor 1260), illustrated in
Map 4.8, was similar to that of several of the inorganic elements (section 4.1.2):
Constance Cove contained much higher PCB concentrations than the rest of Esquimalt
Harbour. There was, in addition, evidence for localized elevation of PCBs near the Public
Works Graving Dock, the Yarrows shipyard, and -to a lesser extent- D-jetty.

There appeared to be slight differences in the PCB composition cumulatively
introduced from different shoreline sources. The sediment distribution of PCBs
quantified as Aroclor 1242 is shown in Map 4.9. The distributions of PCBs quantified as
the more heavily-chlorinated technical mixtures, Aroclor 1254 and Aroclor 1260, are
provided in Maps 4.10 and 4.11 respectively. PCBs in Lang Cove, near the Yarrows
Shipyard, exhibited approximately equal concentrations of mixtures similar to Aroclor
1242, 1254, and 1260 (Maps 4.9 to 4.11). There was a greater relative concentration of
Aroclor 1242 near the Yarrows facility than elsewhere in the harbour. Surface sediment
contours of Aroclor 1242 also suggested a locally elevated concentration at DND's Fjetty (Map 4.9). Aroclor 1254 was elevated at station EHS2 (Map 4.10) near D-jetty
relative to the other stations sampled nearby, suggesting local inputs of PCBs similar in
composition to Aroclor 1254.
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Map 4.8: The Spatial Distribution of PCBs as Total Concentratio ns in Esquimalt
Harbour Surface Sediment- Concentratio n Contours (in parts per billion, ppb).

Map 4.9: The Spatial Distribution of PCBs as Aroclm· 1242 in Esquimalt Hat·bour
Surface Sediment - Concentratio n Contours (in parts per billion, ppb).

Map 4.10: The Spatial Distribution of PCBs as Aroclor 1254 in Esquimalt Harbour
Surface Sediment- Concentratio n Contours (in parts per billion, ppb).

Map 4.11: The Spatial Distribution of PCBs as Aroclor 1260 in Esquimalt Harbour
Surface Sediment- Concentration Contours (in parts per billion, ppb).

Dioxins and furans are also produced by low temperature combustion processes where
chlorine is available; dioxins and furans are often found at low concentrations in
automobile emissions and in emissions and fly ash or bottom ash from the burning of
municipal garbage.

Dioxin/furan analyses were performed on sediment samples from three stations
thought to be representative of the harbour as a whole (EH7, EH15, EH17; Map 3.1), and
from one site in Plumper Bay near the West Isle sawmill (Plumper Bay #2; Map 3.3). The
analytical results are provided in Table 4.5.

Similar to PCBs, dioxins/furans are actually mixtures of 210 congeners, each
differing

in

their

toxicity

to

living

organisms.

For

example,

2,3,7,8-

tetrachlorodibenzodioxin (TCDD) is the dioxin congener with the greatest toxicity, and
other congeners with chlorines in the 2, 3, 7 and 8 positions around the dibenzodioxin
ring structure are also considered to have the potential to exert toxic effects. Highly
chlorinated congeners such as the fully (octo-) chlorinated dioxins and furans have little
toxicity.
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Table 4.5: Concentrations of Polychlorinated Dibenzo-p-dioxins/furans in Surface
Sediments from Esquimalt Harbour (pglg or parts per trillion, ppt).
Plumper Bay
#2 (E.P.)

Variable

EH7

EH15

Sample Wt. Used
(dry)

1.96

2.11

2.92

4.79

31
NDR(0.7)

11

0.4

8.2
NOR (0.4)

33
<0.5

P<;CDD- Total
1,2,3,7,8-PCDD

46
2

13
1.7

12
1.2

44
3.2

HnCDD- Total
1,2,3,4,7,8-HCDD
1,2,3,6,7,8-HCDD
1,2,3,7,8,9-HCDD

130
1.6
27
6.8

120
1.9
23
5.5

75
0.8
13
4.4

140
4
33
9.1

H7CDD- Total
1,2,3,4,6,7,8-HCDD

250
98

380
150

150
60

480
300

ORCDD

600

1000

310

1400

T4CDF-Total
2,3,7,8-TCDF

32
8.3

27
8.8

16
4.9

34
5.2

26
NDR(1.6)
2.7

30
1.8
2.9

9.9
0.8
1.3

67
1.7
1.8

HnCDF- Total
1,2,3,4,7,8-HCDF
1,2,3,6,7,8-HCDF
2,3,4,6,7,8-HCDF
1,2,3,7,8,9-HCDF

92
6.9
3.3
3.3
0.8

63
6.7
3.7
3.2
<0.3

34
2.7
1.3
1.6
<0.3

400
8.5
6
5.1
2.1

H7CDF- Total
1,2,3,4,6,7,8-HCDF
1,2,3,4,7,8,9-HCDF

250
150
2.7

120
63
2.4

92
49
1.3

750
290
8.9

ORCDF

67

58

28

210

1,100
470

1,500
300

560
18

2,100
1,500

T4CDD-Total
2,3,7,8-TCDD

P<;CDF- Total
1,2,3,7,8-PCDF
2,3,4,7,8-PCDF

PCDD Total
PCDFTotal

EH17

* NDR: congener detected, but did not meet quantification criteria; (semi-quantitative).
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The maximum concentrations of total polychlorinated dibenzo-p-dioxins and
furans in Esquimalt Harbour sediments were 2,100 and 1,500 ppt (parts per trillion;
or 2.1 and 1.5 ppb) respectively. The maximum concentrations were observed in the
Plumper Bay sediment sample, as might be expected if dioxin/furan input was associated
with shoreline chlorophenol contamination and subsequent migration to Esquimalt
Harbour. The total dioxin/furan concentration in all samples, however, was largely
attributable to more highly chlorinated congeners, especially octachlorodibenzo-p-dioxin
(OsCDD), which have only a limited potential for toxic effects. Concentrations of
2,3,1,8-T4CDD, the most toxic congener, were at or below the analytical detection
limit of- 0.5 ppt.

The overall concentrations of dioxins/furans, as well as the congener
compositions, were relatively uniform between stations EH7, EH15, and EH17. This
suggests either that -

•

an extensive redistribution of dioxins/furans has occurred from one or more
point sources within Esquimalt Harbour;

•

the major input may be via a more diffuse source such as atmospheric input;
or

•

both the preceding mechanisms contribute to the observed dioxin/furan
distribution.

Macdonald et al. (1992) measured the concentrations of OsCDD and 2,3,7,8TCDF in coastal marine sediments within the Strait of Georgia, in and near Howe Sound,
British Columbia: These concentrations can be compared with Esquimalt Harbour
dioxin/furan concentrations. OgCDD in surface sediments from in and near Howe Sound
ranged in concentration from near the analytical detection limits to approximately 450
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pg/g (ppt). The maximum 08CDD concentration in a core from Ballenas Basin,
considered as a background location in the Strait of Georgia basin, was approximately
400 ppt. The wide distribution of 08CDD which was not related to the distance from
major (pulp mill) point-source discharges, suggested a primarily atmospheric source. In
contrast, 2,3,7,8-TCDF - with a concentration in Howe Sound and Strait of Georgia
sediments ranging from less than the analytical detection limit to approximately 300 ppt was elevated near pulp mills, and is probably transported in the water over large (basinwide) scales. 2,3,7,8-TCDF production is primarily associated with chlorine bleaching
processes at pulp mills. In Esquimalt Harbour, the maximum OgCDD concentration

was slightly higher than that expected for general atmospheric deposition relative to
the Macdonald et al. (1992) data; however, the composition of dioxin and furan
congeners (Table 4.5) is similar to that expected in atmospheric sources. The 2,3,7,8TCDF concentration in Esquimalt Harbour sediment (i.e., 4.9 to 8.8 ppt) was slightly
lower than in Ballenas Basin, Strait of Georgia, surface sediment (Macdonald et al.,
1992), suggesting that the levels could be accounted for by atmospheric inputs.

Overall, dioxins and furans were found in the Esquimalt Harbour seabed at
concentrations which are comparable to other coastal areas not directly influenced
by anthropogenic input. They are not, therefore, considered to be contaminants of
concern in Esquimalt Harbour.
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4.2.5. Chlorophenols, Chloroguaiacols, and Chlorocatechols in Esquimalt Harbour Sediment
OH

The concentration of chlorophenols was examined in
Cl

surface sediment from six stations, given the known presence of
pentachlorophenol (PCP) contamination at the West Isle sawmill

Cl

01

Cl

Cl

site on the shore of Plumper Bay, where PCP was used as a wood
preservative. The stations examined included EHS5 and EHS12

Cl

pentachloropenol
(PCP)

in Plumper Bay, as well as stations EH3 (upper basin), EH7
(western

basin

area),

EH15

(Constance

Cove),

and

EH17

(central

basin).

Chloroguaiachols and chlorocatechols are not constituents of wood preservatives, but
have a similar chemical structure to PCP. These tend to occur as a result of pulping and
krafting processes associated with paper making.
OH

OH

OH

,OCH3

10 '/

Cl

Cl

Cl

Cl

Cl

Cl
3,4,5-trichloroguaiachol

lO

3, 4, 5-trich lorocatechol

All phenol, guaiachol, and catechol concentrations were extremely low in the
Esquimalt Harbour sediment samples (Table 4.6); most of these were lower than the
analytical detection limit of 0.1 to 0.5 ppb. Pentachlorophenol (PCP) is the primary
constituent of technical grade chlorophenol wood preservative. Its concentration in
Plumper Bay near the West Isle site (EHS12) was 1.3 ppb. Station EH17, near the centre
of the Esquimalt Harbour, had a slightly higher surface sediment concentration of 3.4 ppb
(PCP).
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Table 4.6: Esquimalt Harbour Sediment Chlorophenol, Chloroguaiachol, and
Chlorocatechol Concentrations (ng/g, or parts per billion, ppb).
Sediment Sample
Sample dry wt. (g)

EHS5

EHS12

EH3

EH7

EH15

EH17

---------------------------------------------7.21
4.34
2.48
3.87
3.23
4.56

2,4,6-trichlorophenol
2,3,6-trichlorophenol
2,3,5-trichlorophenol
2,4,5-trichlorophenol
2,3,4-trichlorophenol
3,4,5-trichlorophenol

<0.1
<0.2
<0.1
<0.1
<0.1
<0.1

<0.2
<0.2
<0.1
*NDR (0.4)
<0.2
1.2

<0.5
<0.6
<0.4
<0.4
<0.5
1.6

<0.3
<0.4
<0.2
<0.2
<0.3
<0.2

<0.3
<0.3
<0.2
<0.2
<0.3
<0.2

<0.2
<0.2
<0.2
<0.2
<0.1
<0.2

2,3,5,6-tetrachlorophenol
2,3,4,6-tetrachlorophenol
2,3,4,5-tetrachlorophenol

<0.08
<0.1
<0.06

<0.2
<0.2
0.2

<0.3
<0.5
<0.2

<0.2
<0.3
<0.2

<0.2
<0.3
<0.2

<0.1
NDR (0.4)
<0.1

3,4,5-trichloroguaiachol
4,5,6-trichloroguaiachol

<0.07
<0.06

<0.2
<0.1

<0.3
<0.3

<0.2
<0.1

<0.2
<0.2

<0.1
<0.09

pentachlorophenol

<0.1

1.3

2

<0.3

0.8

3.4

3,4,5-trichlorocatechol
3,4,5,6-tetrachloroguaiachol

0.1
<0.07

0.5
<0.2

0.8
<0.2

0.4
<0.1

NDR (0.3) NDR (0.6)
<0.2
<0.3

NDR (0.9) NDR (0.4) NDR (0.4)
<0.09
0.08
0.3
3,4,5,6-tetrachlorocatechol
* NDR- compound detected but GC peak did not meet quantification criteria (the bracketed concentration is
semi-quantitative only).

The low concentrations of chlorophenols found in Plumper Bay or other
Esquimalt Harbour sediment samples do not preclude the possibility that chlorophenols
have been introduced to the marine environment, via surface runoff or groundwater
contamination. Chlorophenols can be readily methylated by bacteria and other organisms
to produce other substances, including chloroanisoles and chloroveratroles (Paasivirta,

1991). The low measured concentrations of chlorophenols, however, did not warrant
additional investigations of either wood preservatives or their breakdown products
in Esquimalt Harbour sediment.
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4.2.6. Other Organochlorines in Esquimalt Harbour Sediment: Chlorinated Pesticide
Residues

Pesticides are often introduced to the
environment from agricultural areas or from

CCI 3

use in landscaping and gardening. Pesticides

cr

Cl

DDT

commonly contain active ingredients such as
chlorinated aromatic structures (e.g., chlordane
compounds), organophosphate substances, other

CCI2
..'

biocides

[
Cl

Cl

DOE

containing

organic

compounds,

or

chemicals containing inorganic elements such as
arsenic, mercury, tin 12, or copper. Chlorinated

~91 /"/CI

~I

r -Hexachlorocyclohexane (HCH)
(Lindane)

aromatic pesticides are of particular concern,
since they are not readily broken down by
sunlight or microbial activity, and have
considerable persistence in the environment.
Dichlorodiphenyltrichloroethane

(DDT),

for

Cl

example, can presently be found in air, water, soil

I
C I , O t"'CI
Cl /

'·r·

and biota samples in many otherwise pristine
'- CI

North American environments even though the

Cl

Hexachlorobenzene (HCB)

use of DDT was curtailed in Canada and the
United States in the 1960s.

The initial contaminant screen for Esquimalt Harbour marine samples
included chlorinated pesticides since these tend to be more persistent in the general
environment than many non-chlorinated biocides, and because organochlorines
12Tributyltin-based

toxicants are dealt with separately in Section 4.2.10.
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have considerable tendency to biomagnify as well as undergo redistribution by
volatilization and atmospheric transport (Ballschmitter, 1992; Barrie et al., 1992).
There are other pesticides, including organophosphorus insecticides and sulfurcontaining pesticides, which were not evaluated as part of the Esquimalt Harbour
contaminant screen. These are generally more readily transformed in the environment,
and their toxic effects in the environment are of more limited duration.

c

Cl

Cl

CJ

Cl

CJ

CJ

Cl

Cl

trans-chlordane

heptachlor epoxide

dieldrin

a polychlorinated camphene
(toxaphene)

Six sediment samples were analyzed for chlorinated pesticides as part of the ESG
analytical program. Data for one additional sediment sample (Plumper Bay #2), from the
EP sampling program, are also available. The results are summarized in Table 4.7.
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Table 4.7: Chlorinated pesticide concentrations in Esquimalt Harbour sediment (in
parts per billion, ppb, or ng/g).

EHS8

EH3

Station
EH7

hexachlorobenzene

<0.1

0.6

0.3

0.5

0.4

<0.5

<0.4

a-HCH

<0.2
<0.2
<0.1

0.7

0.3

0.4

0.5
<0.3

<0.4
<0.2

0.7
<0.3
<0.2

<0.2
<0.2

<0.9
<0.2
<0.1

<1
<0.9
<0.6

No***

1.2

0.3

0.7

0.4

ND

ND

4.0

4.0

NDR*

NDR(34)

3.5

29

<2.5

0.6

2.0
<0.1

Pesticide

~-HCH

y-HCH
sum-HCHs
p,p'-DDT

EH15

EH17

EH22

Plumper
Ba #2

(3.7)
p,p'-DDE
o,p'-DDE
p,p'-DDD
o,p'-DDD

0.8
<0.6
6.6
4.9

1.0
<0.7
2.5
2.5

<0.7
1.9
1.4

2.6
<1.3
24
7.2

<0.5
2.1
1.0

NDR(14)

15.0

<1.2
<2.2
<3.4
<1.3

sum-DOTs**

16.3

10.0

7.5

67.8

7.2

60.0

ND

0.5

<0.5
<0.1
<0.2
NDR(l.1)
<0.4
NDR(1)
<0.1
oxychlordane
<0.5
<0.1
<0.1
NDR(0.5)
<0.2
<0.1
0.6
trans-chlordane
<1
<0.8
<0.3
<0.8
<0.4
<0.4
0.5
cis-chlordane
<0.8
<1.0
<0.3
<0.7
<0.4
0.2
0.3
trans-nonachlor
<0.5
1.5
<0.2
<0.4
<0.2
<0.3
0.2
cis-Nonachlor
<0.6
<1.1
<0.3
<0.9
<0.5
<0.6
<0.2
heptachlor
<0.3
<0.2
<0.2
<0.2
<0.4
<0.3
<0.4
epoxide
heptachlor
<0.4
<0.2
<0.2
<0.2
<0.4
<0.4
<0.4
a-endosulphan
<0.7
<0.8
<0.2
<0.6
<0.2
<0.3
<0.2
aldrin
<0.6
<0.9
<0.2
<0.5
<0.3
<0.4
<0.3
mirex
<0.4
4.3
<0.2
0.5
0.7
0.6
0.9
dieldrin
<0.5
<0.6
<0.5
<0.4
<0.9
<0.9
<0.8
endrin
<1.8
<1.2 NDR(1.8)
NDR(5.7)
<2.3
<2.2
<0.9
methoxychlor
(semi-quantitative:
criteria
quantification
meet
not
* NDR: pesticide detected, but GC peak did
maximum estimate).
** Including NDR concentrations.
*** ND: Below the analytical detection limits
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Only a few chlorinated pesticides were found at concentrations above the
analytical detection limit (0.04 to 2.3 ppb). The highest measured concentration of
an individual pesticide residue was 30 ppb for p,p'-DDT in sample EH22 (Table
4. 7).

Pesticides which were generally detected in Esquimalt Harbour sediment

samples included DDT (p,p'-DDT) and its dechlorination products (p,p'-DDE, o.p'DDE, p,p'-DDD, o,p'-DDD), and dieldrin.

The sediment samples collected from the upper harbour (station EH3) also
contained

measurable

concentrations

of

several

other

pesticides,

including

hexachlorobenzene (HCB), a-hexachlorocyclohexane (HCH), 13-HCH, and the chlordane
compounds - trans-chlordane, cis-chlordane and trans-nonachlor. The concentrations of
these were near the analytical detection limits; therefore, the increased concentration of
these at station EH3 should be interpreted cautiously. One possible explanation for the
presence of a broader range of chlorinated pesticides at this station is the increased
amount of wood waste and associated organic detritus'3 in the upper harbour, which may
have a higher affinity than other substrates for chlorinated organic substances contributed
from distant sources. Another possibility is that the upper harbour has received
chlorinated pesticide inputs from Mill Stream.

The total DDT concentration m sediment from station EH22 and EH15 in
Constance Cove, was higher than at other harbour stations, both in absolute terms and
relative to other chlorinated pesticide concentrations. Even if local inputs of DDT have
occurred in this area in the past, the present low level of sediment contamination by DDT
probably does not pose a risk to resident organisms.

13 Extensive

wood waste debris in the upper harbour is attributable to the storage of log booms, particularly
in the period from the 1930s to the 1960s (see Chapter 2).
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Overall, the concentrations of all chlorinated pesticides analyzed in harbour
sediment samples were either lower than the analytical detection limits or in the low
parts per billion concentration range. In general, these levels are probably consistent
with sediment concentrations attributable to large-scale atmospheric deposition, as
opposed to local inputs.

4.2. 7. Phthalate Esters in Esquimalt Harbour Sediment
Phthalate esters are widely used as
stabilizers in plastics, particularly in the

0
II

,

' - > - C - 0 - C4H

production

of

polyvinylchloride

(PVC)
, -

plastics. Some plastics may contain up to
60% by weight of phthalate esters. Phthalate

9

~-0 -C4H 9

0
Di-n-butyl phthalate

esters are also commonly used as antifoam
agents in the paper industry. Different
phthalate esters vary primarily in the length and complexity (branching) of the two side
chains.

It is generally thought that phthalate esters have minimal immediate (acute)

toxicity, mutagenicity, or carcinogenicity 14 in comparison with many other organic
contaminants such as organochlorines or polycyclic aromatic hydrocarbons. The
ubiquity of these plasticizers in industrial and urban areas, however, has been a
cause for concern, and they were included in the initial contaminant screen of
Esquimalt Harbour sediment.

14 Phthalate

esters have not officially been classified as carcinogens.
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Three sediment samples from the EP sampling program (Map 3.3) were analyzed
for six phthalate esters as part of the ESG analytical screen. An additional ten samples
collected by EP were analyzed for phthalate esters as part of an earlier analytical
program. Table 4.8 summarizes the Esquimalt Harbour phthalate ester data:

Table 4.8: Concentrations of Phthalate Esters in Esquimalt Harbour Sediments
(ng/g, or ppb).
Plumper Bav

Constance Cove

Upper

Dunn's

Fort

#1a

#2a

#3a

#4a

#Sa

#6a

Trawlb

#1a

#2a

Tra wlb

Hrbr'l

Nookb

Rodda

Dimethyl Phthalate

ND

ND

ND

ND

35

ND

<100

ND

ND

<64

ND

<88

ND

Diethyl Phthalate

ND

ND

5,200

2,000

ND

ND

<35

ND

160

<39

ND

<43

ND

Di-n-butyl Phthalate

ND

ND

550

270

660

200

150

ND

ND

<32

ND

<50

ND

Benzyl butyl

ND

ND

ND

37

ND

56

<2

ND

ND

<9

ND

<13

ND

ND

ND

7,000

4,300

5,500

3,900

2,100

ND

ND

<230

ND

<380

ND

ND

ND

ND

ND

ND

46

<10

ND

77

<14

ND

<8

ND

Phthalate
Bis(2-ethylhexyl)
Phthalate
Di-n-oc;rtl Phthalate

a: Data from earlier (1991-2) analyses of EP (1991) samples - detection limits were not
stated.
b: Data from 1992 ESG analytical suite of EP (1992) samples.

Three phthalate esters were found to be present at concentrations above the
analytical detection limits in sediment samples from Constance Cove but not from
other areas of the harbour: diethyl phthalate, bis(2-ethylhexyl) phthalate, and - to a
lesser extent - di-n-butyl phthalate (Table 4.8). Phthalate ester analysis is often
complicated by post-collection sample contamination particularly within the laboratory,
since phthalate esters are virtually ubiquitous owing to their use in plastics. The sediment
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data, therefore, should be interpreted m concert with the ONQC data provided m
Appendix F.

Procedural blanks, run as an integral part of chemical analyses, represent the
anal yte concentration contributed through contamination of analytical apparatus,
facilities, and/or solutions. The average concentrations found in 12 replicate analyses of

sediment procedural blank were 139 ppb for diethyl phthalate, 1174 ppb for bis(2ethylhexyl)phthalate, and 196 ppb for di-n-butyl phthalate. If it is assumed that the
detection limit is three times the standard deviation, then the specific limits of detection
for diethyl phthalate, bis(2-ethylhexyl)phthalate, and di-n-butyl phthalate in a 5 g
sediment sample can be assumed to be 34, 1500 and 100 ppb respectively, as shown in
Appendix F-47. The maximum phthalate ester concentrations shown in Table 4.8 are
higher than these estimated limits of detection , as well as the maximum values per gram
sediment found in the sediment procedural blanks (Appendix F-47). This suggests that
some sediment stations exhibited phthalate ester contamination beyond that contributed
through analytical contamination. The sediments near the northern shore of Constance
Cove, from near the Public Works Graving Dock, did not exhibit obvious phthalate ester
contamination, unlike sediments collected adjacent to DND's dockyard.

Phthalate esters were not investigated in a larger suite of sediment samples
after the initial contaminant screen since the sediment concentrations of PCBs
(Section 4.2.2), PAHs (Section 4.2.) and various inorganic elements (Section 4.1.2)
were deemed to be of greater overall concern.

127

4.2.8. Polycyclic Aromatic Hydrocarbons (PAHs) in Esquimalt Harbour Sediment

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of cyclic hydrocarbons
consisting of two or more benzene rings. PAHs are common constituents of fuels and

lubricating oils. Possible PAH inputs into to Esquimalt Harbour include fueling
activities (and spills), and the historical storage and use
of coal. The combustion of fuels and coal has caused
widespread environmental PAH contamination on a global
scale as a result of atmospheric transport pathways. The

Napthalene

combustion of organic material, especially of coal and
wood, can also produce PAHs.
Anthracene

Elevated environmental

levels of PAHs in Kitimat Arm, British Columbia, for

!I

example, are caused by PAH emissions from coal pitch
electrodes used in the production of aluminum from metal
concentrates. Many PAHs also have natural sources such

Phenanthrene

as the combustion of organics during forest fires, or as
natural plant and microbial products.

I

IL_

Several of the PAHs are known or suspected
carcinogens,

Fluoranthene

including

dibenzo(a,h)pyrene,

benzo(b )-

fluoranthene, benzo(j)fluoranthene, benzo(k)fluoranthene,
benzo( a)pyrene,

pyrene,

benz(a)anthracene,

dibenzo(a,h )anthracene,

dibenzo(a,i)pyrene,

dibenzo(a,l)pyrene,

dibenzo( a,e )indeno(1,2,3-

cd)pyrene and 5-methylchrysene (Alexander et al., 1992). Benzo(a)pyrene, or B(a)P, is
one of the most mutagenic of the PAHs.
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PAHs are often divided into two classes: low molecular weight PAHs (LPAHs),
and high molecular weight PAHs (HPAHs). LPAHs (e.g., napthalene, acenapthylene,
fluorene, phenanthrene) tend to have a core structure of two to three benzene nngs.
HP AHs tend to have molecular structures of four or more
rings, and include fluoranthene, pyrene, benzo(a)pyrene, and
benzofluoranthenes. The discrimination between different
PAHs based on molecular weight is a useful one since the
bioaccumulation,
biodegradation,

toxicity /carcinogenicity,
and

overall

resistance

environmental

Benzo( a )anthracene

to

persistence

generally increase with increasing molecular weight.

I[
Benzo(a)pyrene

The toxicity and environmental cycling of PAHs may
be further modified by the presence of various molecular side
groups around the central ring structure. Alkylated PAHs, i.e.,
those having attached carbon-hydrogen chains, have been
identified in some environmental samples. In addition, the
environmental

chemistry

of

halogenated

PAHs,

r
I[

Benzo( e )pyrene

those

containing chlorine or bromine atoms, is of current interest to many environmental
chemists. These aromatic chloro- and bromohydrocarbons may be produced by the
combustion of PCB oils, municipal waste incineration, fuel consumption, wood fires, or
other methods. Processes such as pulp krafting or bleaching, waste water disinfection
and wood preservative/pesticide manufacture could also produce halogenated PAHs (e.g.,
polychloroanthracenes, polychloropyrenes). Basic research on alkylated and halogenated
PAHs in the environment has been very limited up to the last five to ten years; therefore,
knowledge of their environmental cycling or toxicity is limited. The environmental

concentrations of these compounds, however, tend to be considerably lower than
those of non-alkylated, non-halogenated contaminants in non-living environmental
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samples. The overall environmental effects are also expected to be correspondingly
lower.

All 50 sediment samples collected by the ESG in Esquimalt harbour were
analyzed for PAHs. Three samples from outside the harbour were also analyzed (see
Section 4.2.1 ). The PAH sediment data for Esquimalt Harbour are summarized in Table
4.9. Additional data include the sediment concentrations of PAHs in eight samples
collected during the 1990 EP sampling program (Appendix 1). The EP data were within
the same range as the data for samples collected by the ESG; i.e., LPAH concentrations
ranged from 55 to 9,600 ppb, and HPAH concentrations ranged from 260 to 54,000 ppb.
The concentrations of all analyzed P AHs were much higher on average than the
background concentration for

this

region

(Section 4.2.1).

The

background

concentrations of LPAHs and HPAHs can reasonably be assumed to be s 100 ppb and s
250 ppb respectively. Although the minimum observed values approached background
concentrations, the average PAH sediment concentrations were 10 - 20 fold higher than
background concentrations.

Of all the P AHs, the HPAHs tluoranthene, pyrene, and benzofluoranthenes
were found at the greatest overall concentrations. Napthalenes and phenanthrene were
also present in the sediment at high concentrations. Overall, P AHs were considered to
be of concern to the environmental health of Esquimalt Harbour as a result of their
elevated concentrations in sediment. The spatial distribution was subsequently
evaluated (section 4.2.9). The bioavailability of sediment-associated PAHs is examined
in Chapter 5.
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Table 4.9: Concentrations of PAHs in Esquimalt Harbour Sediments (in ng/g, or
ppb ); based on 50 surficial sediment samples.
Nearshore Sediments
Min.
Max.
Mean

PAH

Basin Sediments
Min.
Max.
Mean

Napthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene

252.2
24.9
109.2
162.3
625.6
220.5

60
7.7
16
33
145
52

1400
59
910
1200
4300
1200

303.3
47.1
226.0
316.2
1375.1
579.1

16
2.8
3.5
7.7
34
12

2000
200
2400
2400
9000
3100

Fluoranthene
Pyrene
Benz( a)anthracene
Chrysene
Benzofluoranthenes
Benzo( e)pyrene
Benzo( a)pyrene
Perylene
Indeno(1,2,3cd)pyrene
Dibenz( ah )anthracene
Benzo(ghi)pery lene

873.7
875.6
445.4
456.3
872.4
412.3
593.3
175.9
391.3

220
220
90
95
180
83
120
56
76

4300
4100
2200
2100
4100
1800
2600
600
1600

2855.2
3030.3
1201.5
1232.6
1937.9
833.7
1257.4
297.6
803.3

80
69
18
23
38
18
17
17
10

20000
20000
6600
5700
11000
4400
7200
1500
4700

97.7
352.8

36
74

400
1500

191.3
703.0

7.1
16

470
4000

1394.6
5488.9
6883.5

330
1210
1660

9100
25300
34400

2846.8
13985.0
16831.8

80
290
370

17700
84100
101800

Total LPAHs
Total HPAHs
Total PAHs (sum}
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4.2.9. Spatial Distribution of PAHs in Esquimalt Harbour Surface Sediment

Polycyclic Aromatic Hydrocarbons (PAHs) were found in sediment samples from
Esquimalt Harbour at total concentrations ranging from 370 ppb to 101,800 ppb (Table
4.9). The spatial pattern of total PAHs in Esquimalt Harbour sediment (Map 4.12)
also points to the same general shoreline sources of input as for many of the
inorganic elements: PAHs were substantially elevated in the sediment of Constance
Cove relative to basin sediments further removed from the ship building/repair
facilities. Sediment concentrations of PAHs were also higher near DND's D-jetty
and F-Jetty than farther offshore. Different sources of PAH inputs often differ in the
relative compositions of individual PAHs. For example, coal tar generally contains a
greater proportion of higher molecular weight PAHs (HPAHs) than diesel fuel. The
sediments in Constance Cove contain large chunks of coal, which are remnants of coal
used in steamships and stored on Thetis Island (now C-jetty) prior to WWII (Chapter 2).
The distribution of the total lighter molecular weight PAH concentrations (LPAHs),
however, was very similar to that of the total higher molecular PAH weight
concentrations (Maps 4.13 and 4.14).

Indeed, the spatial distributions of most

individual PAHs analyzed in Esquimalt Harbour sediment were very similar. The
spatial distributions of the most mutagenic PAH, benzo(a)pyrene, is shown in Map 4.15.
The sediment distribution pattern of fluoranthene is shown in Map 4.16. Both PAHs
exhibited elevated concentrations in Lang Cove, Constance Cove, and - to a lesser extent
- near D-jetty; all PAHs were lower in concentration in sediment samples collected in the
basin area of Esquimalt Harbour, and were lower still near the mouth and northern
portions of Esquimalt Harbour.

132

Only one of the PAHs analyzed exhibited an obviously different pattern of
distribution in harbour sediment samples. Napthalene (Map 4.17) was found at higher
concentrations in samples collected near F-jetty, DND's fueling jetty, than in samples
collected farther away. The sediment napthalene distribution suggested a local input of a
napthalene-containing substance which was unique to this area of the harbour. As noted
in section 4.2.8, napthalene is the principal PAH found in diesel fuel. Localized elevation
of napthalene concentrations in the sediment near F-jetty might be indicative of chronic
inputs of diesel either associated with spillage during refueling or upland leaks in the
petroleum, oil, and lubricant (POL) lines or storage tanks which supply and are refilled
from F-jetty.
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Map 4.12: The Spatial Distribution of Total PAHs in Esquimalt Harbour
Surface Sediment - Concentratio n Contours (in parts per billion, ppb).

0~
/

Map 4.13: The Spatial Distribution of High Molecular Weight PAHs in Esquimalt Harbour
Surface Sediment- Concentration Contours (in pats per Buillion, ppb)

High M.W. PAHs
(in parts per billion)

Map 4.14: The Spatial Distribution of Low Molecular Weight PAHs in Esquimalt Harbour
Surface Sediment - Concentratio n Contours (in parts per billion, ppb).

Map 4.15: The Spatial Distribution of Benzo(a)pyrene in Esquimalt Harbour
Surface Sediment - Concentration Contours (in parts per billion, ppb)

Map 4.16: The Spatial Distribution of Fluoranthene in Esquimalt Harbour
Surface Sediment- Concentration Contours (in parts per billion, ppb).

Map 4.17: The Spatial Distribution of Napthalene in Esquimalt Harbour
Surface Sediment- Concentration Contours (in parts per billion, ppb)

4.2.10. Organotin Compounds in Esquimalt Harbour Sediment
Organotins have been used extensively as pesticides. Tricyclohexyltin, for
example, was used in the Fraser Valley of British Columbia, Canada, to eliminate insect
pests on strawberry crops. The trade name for this pesticide was Plictran™. Tributyltin
and triphenyltin have been used to eliminate snails in areas where they are vectors for
diseases such as schistosomiasis. More recently, considerable scientific effort has been
applied to the study of tributyltin and its breakdown products, monobutyltin (MBT) and
dibutyltin (DBT), in aquatic systems. Tributyltin (TBT) is a major constituent of
antifouling paints, which are applied to ships' hulls and other marine structures in
order to reduce the attachment and growth of fouling organisms such as algae,
barnacles and mussels. Tributyltin has also been used extensively as a stabilizer in the
plastics industry. Polyvinyl chloride, for example, contains TBT.

TBT-based antifouling paints were first introduced in the early 1960s, and have
subsequently had widespread use due to their superior performance relative to copperand zinc-based antifouling paints or other antifoulants. In the 1980s, however, scientific
evidence emerged which showed that the input of TBT from antifouling paints to
marine waters results in a variety of deleterious effects on non-target organisms
(Laughlin and Linden, 1987). For example, low levels of TBT in the water may cause
abnormalities and mortality to oyster and other shellfish species, leading to declines in
commercially valuable stocks. TBT concentrations in the low parts per billion (ppb)
range can cause massive shell distortion and thickening in some oyster species. Waterborne concentrations of TBT as low as 1.0 ng/L as tin, or one part per trillion (ppt) -have
resulted in the masculinization of female snails (Nucella lapillus L.; Gibbs et al., 1987), a
phenomenon known as "imposex". Imposex is specifically caused by TBT, and is a
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widespread phenomenon among closely related marine snails along the southern coast of
Vancouver Island, British Columbia (Bright and Ellis, 1990). TBT-based antifouling
paints are now banned in Canada for use on vessels under 20 m in length; this follows
similar measures in the U.K. , France, and the United States. The use of TBT-based paints
on larger ships in local waters, such as naval vessels, freighters, or B.C. Ferry
Corporation ships, has not been completely eliminated; the great effectiveness of TBTbased paints relative to other antifouling paints provides tremendous savings in fuel
consumption and reduces the frequency of hull resurfacing.

Appendix C-1 contains Materials Safety Data Sheets for TBT-based and other
paints used at CFB Esquimalt. Similar paints have undoubtedly been used at the other dry
docks in the harbour. The sand-blasting of TBT -based paints at the PWC Graving
Dock, Yarrows Ltd. Dry Dock, Naden Dry Dock, and at D-jetty is expected to be a
substantial source of input of organotins to Esquimalt Harbour.

Eight sediment samples (see Map 3.1) were analyzed for organotins as part of the
ESG sampling/analytical program. The results are summarized in Table 4.10:
Table 4.10: Concentrations of Organotins in Esquimalt Harbour Sediments (in ng/g,
or ~~b, as tin) - ESG Sam~ling Program.
Sample

EH3

EH7

EH15

EH22

EH25

EHS2

EHS9

EHS10

Tributyltin
Dibutyltin
Monobutyltin
Tricyclohexyltin
Dicyclohexy !tin
Triphenyltin

610
58
8
<1.0
<2.0
<3.0

205
42
4
<1.0
<0.6
NDR(6)

5,300
830
65
*NDR(2)
<0.7
19

12,000
930
62
<2.0
<0.2
25

40
12
4
<1.0
<2.0
<1.0

16,000
1,400
170
<5 .0
<7.0
<2.0

370
140
13
NDR(6)
<3.0
<3.0

69,000
3,100
240
36
NDR(17)
65

* NOR: Compound detected but did not meet quantification criteria
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An additional mne samples were analyzed for organotins as part of the EP
sampling/analytical program (Map 3.4); the data are shown in Table 4.11:

Table 4.11: Concentrations of Organotins in Esquimalt Harbour Sediments (in ng/g,
or ppb, as tin)- E.P. Sampling Program.
Fort
Upper
Rodd Harbour
Tributyltin
Oibutyltin
Monobutyltin
Tricyclohexyltin
Triphenyltin

3
2
0.9
<0.9
<0.2

5
4
2
<2
<0.5

Plumper
Bay #1
<0.1
10
4
<5
<3

Plumper Constance Constance Constance Constance Constance
Cove #5
Cove #2
Cove #3
Cove #4
Cove #6
Bay #2

34
20
6
<7
<2

440
130
22
<7
<2

1,900
1,100
700
510
110
77
<5
<8
*NOR NOR (17)
(15)

1,000
4,000
210
540
27
52
<4
<4
NOR (6) NOR (30)

*NDR: Compound detected but did not meet quantification criteria

The sediments in Constance Cove of Esquimalt Harbour had substantial
concentrations of tributyltin. The maximum measured TBT concentration was 69,000
ppb in the sample collected immediately adjacent to the PWC Graving Dock. Sediments
further removed from shoreline activities in Constance Cove contained TBT at
concentrations in excess of 1,000 ppb. Upper harbour (EH3, EH7) and Plumper Bay
sediments exhibited much lower organotin concentrations than the Constance Cove
samples.

TBT was the principle organotin in harbour sediments. Dibutyltin (DBT) and
monobutyltin (MBT) were generally present in ESG samples at a total concentration
which was less than 30% of the organotin concentration. Approximately one half of the
sediment samples contained trace quantities of tri- and dicyclohexyltin and/or
triphenyltin, at concentrations less than 65 ppb. DBT and MBT contributed a greater
percentage of the total organotin concentration at stations further removed from direct
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inputs. Sediment samples, for example, collected by the ESG from basin stations (EH3,
EH7) or near the mouth of the harbour (EH25), contained from 9.8 to 29% of the
organotins as MBT + DBT, whereas Constance Cove samples contained from 4.6 to
7.6% as MBT + DBT. Fort Rodd, and Plumper Bay sediment samples collected by EP
contained 49 to 54% of organotins as MBT + DBT concentrations, which can be
compared with 12 to 42% for EP samples from Constance Cove.

Tributyltin can be degraded

in

the environment through

several

mechanisms, including sunlight-mediated photolysis, metabolic breakdown in animals,
or bacterial metabolism in sediments. The environmental degradation of TBT involves a
step-wise debutylation to DBT, followed by MBT, and finally inorganic tin. The general

toxicity of tin species, and tendency to cause biological abnormalities, also decreases
as follows:
TBT

>

DBT >

MBT >

inorganic tin

TBT which has become redistributed to sediments through dissolution at a source and
readsorption is probably more readily available for debutylation via uptake by microorganisms or other living organisms, as well as photolysis, than that contained within the
original particulate source (i.e., paint particles). The overwhelming dominance of TBT

over DBT or MBT concentrations in Constance Cove sediments suggests that in this
area TBT is contained in paint particles, and these provide a continuing input to the
overlying water and other environmental compartments. Large quantities of TBTbase antifouling paints, contained in an epoxy-based medium, have undoubtedly been
removed from ships hulls and other structures, and the residual sand-blasting grit and
used paint have been chronically released to the harbour (see Chapter 2). Residual
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particulates from TBT-based antifouling paints, therefore, are expected to
contribute to elevated organotin concentrations in Esquimalt Harbour in the future.

Overall, organotins are considered to be contaminants of concern in
Esquimalt Harbour.

The spatial distribution of organotins was not, however,

investigated as part of this investigation. The spatial distribution, inputs, and persistence
of TBT in Esquimalt Harbour merit additional investigation.

4.3. Historical Trends: Vertical Sediment Distributions

Sediments can provide an historical record of chemical inputs to the overlying
water column. The vertical trends of chemical concentrations are undoubtedly related to
temporal variations in the chemical composition of particulates deposited from the
overlying water column, as well as the adsorption of dissolved substances at the
sediment/water interface. The vertical chemical distributions, however, can be
substantially modified by several other processes which occur in the seabed,
including-

•

resuspension and physical mixing of near-surface sediments due to wave
and tidal action, especially during winter storms, as well as resuspension from
turbulence produced by ship propellers (prop wash);
biologically mediated resuspension and vertical mixing of sediment by
animals that burrow into sediments (i.e., bioturbation);

•

differential rates of decomposition of organic substances such as low
molecular weight PAHs due to microbial decomposition or other processes;
and
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•

processes controlling the chemical speciation, and partitioning of

contaminants between sediment particles and interstitial water. The
breakdown of organic detritus and mineralization of newly-deposited material
(a process which is collectively called sediment diagenesis) results in a wide
variety of other chemical changes in sediment including, for example, oxygen
depletion and production of free sulfides. One of the possible chemical
changes associated with diagenesis is the dissolution of particle-bound
contaminants such as metals or metalloids and subsequent upward or
downward diffusion.

The annual rate of sediment deposition in Esquimalt Harbour has not been
measured. The time span encompassed by a sediment accumulation on the seabed of 10
to 30 em of sediment, therefore, is not known. Linden and Schurer (1988) estimated that
the average sediment accumulation rate in the Juan de Fuca Strait immediately off the
mouth of Esquimalt Harbour (Royal Roads Anchorage) has varied from approximately
0.27 to 3.5 em per 100 years, or 0.0027 to 0.035 em per year. Deposition rates are known
for other coastal areas. Sedimentation rates in Puget Sound vary from approximately 0.2
to 1.0 em per year (Schell and Nevissi, 1977).

The sedimentation rate in Esquimalt Harbour is reputed to be quite low in
comparison with many other British Columbia coastal areas. Indeed, there has not
been a substantial need for regular dredging in order to maintain sufficient depth for the
movement of ships. Dredging that has taken place was necessitated by the construction or
renovation of docking facilities. In addition, the volume of riverine input into Esquimalt
Harbour from Mill Stream is extremely small, and sediment transport from terrestrial
areas is probably a very minor contributor to sediment accumulation. The basin area of
the harbour is, furthermore, exposed to tidal and wind wave action, due in part to the
limited depth of the entire harbour ( < 15 m). The basin sediment composition is coarser
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than in areas such as Saanich Inlet, since tidal currents would tend to entrain and
transport finer particulates out of the harbour. It is probably reasonable to assume that
a sediment depth of 30 em incorporates at least 70 to 100 years of historical
contaminant inputs.

Four cores were collected from Esquimalt Harbour in September 1991, at stations
EH7, EH15, EH17 and EH25 (Map 3.1), using a small (approx. 3 em diameter) Phleger
corer. The core from station EH17 was slightly longer than 10 em, and was subdivided
into sections encompassing 2.5 em of sediment depth for the analysis of inorganic
elements (Section 4.4.1). Cores from stations EH7, EH15, and EH25 were 22 em, 27 em,
and 30 em in length respectively, and were subdivided into 5 em sections for the analysis
of PAHs and PCBs (Section 4.4.2).

4.3.1. Vertical Distribution of Inorganic Elements
The inorganic element cadmium was not present at a concentration above the
analytical detection ( < 1.0 ppm) in any of the sediment samples from the station EH17
core. The vertical distribution patterns of copper, lead, zinc and arsenic are provided in
Figure 4.4. Arsenic and zinc, as well as chromium, manganese and nickel (not shown: see
Appendix G), did not exhibit substantial concentration differences at different depths
within the top 10 em of sediment. If the analytical precision for inorganic elements is
taken into account (Appendix F: QNQC), it can be concluded that chromium,
manganese, zinc, and nickel are uniformly distributed (vertically) within the top 10
em of sediment at station EH17.
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Figure 4.4 : Vertical Changes in Inorganic Element Concentrations in a
Sediment Core Collected From Station EH17.

Only copper and lead (Figure 4.4) exhibited obvious vertical changes in
concentration within the top 10 em. Copper was found at the highest concentration in
the top 2.5 em of sediment; i.e., copper exhibited a surface concentration maximum. Lead
exhibited a strong subsurface maximum at a sediment depth of 5 to 7.5 em. In both
cases, the primary cause for the vertical distribution is probably associated with
redistribution in the sediments following their deposition (i.e., chemical focusing
during early diagenesis), rather than any changes in the rates of contaminant input
over time. Chemical processes in marine sediment which lead to a surface maximum of
copper are well understood (Pedersen, 1985). Copper has a high affinity for organic
detritus in the water column and in surface sediments. Microbial decomposition of
detritus after burial in the seabed results in the release of previously bound copper to
sediment interstitial water, which then diffuses upward. The dissolved copper reassociates with recently deposited organic detritus, and thus concentrates there. Lead and
several other elements (including arsenic; see review by Cullen and Reimer, 1989) also
undergo chemical focusing based on dissolution along a vertical oxidation-reduction
gradient, diffusion, and readsorptio'n or mineralization.

It is, therefore, difficult to make conclusions regarding historical changes in

input. A major implication, however, is that historically-deposited inorganic
elements such as copper, lead or arsenic have potential for remobilization and
upward diffusion in sediment even after current inputs to sediments have ceased.
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4.3.2. Vertical Distribution of PAHs and PCBs
PAHs and PCBs are less amenable to chemically-mediated vertical
redistribution in sediments than inorganic elements; these organic contaminants have
a much higher affinity for particulates, a much lower aqueous solubility, and, hence, less
potential for redistribution via upward or downward diffusion in sediment interstitial
water. Vertical changes in contaminant concentration, therefore, should reflect temporal
changes in the rates of contaminant input.

Vertical variation in the sediment concentration of PCBs was examined in cores
from three stations: station EH7, in the main basin off F-jetty; station EH15, in Constance
Cove away from the shoreline but near the Public Works Graving Dock; and station
EH25, at the entrance to the harbour. The vertical distribution of PCB concentrations in
the cores is shown in Figure 4.5 (the data are included in Appendix H). For all three
cores, the PCB concentration was highest in the surface (0 - 5 em: EH15) or shallow
subsurface sediment sample (5 - 10 em: EH7; 10 - 15 em: EH25). AJI three cores
exhibited a decline in the PCB concentration with depth, and PCBs were not
detected in the bottom 25 to 30 em of the core from station EH25 (< 1.6 ppb as
Aroclor 1254). The data are included in Appendix H. PCBs were also not detected at
concentrations above which they could be confidently quantified in the 20 to 25 em
section of the core from EH7 (s 1.4 ppb). The sediment at EH15 was only sampled to a
depth of 20 em.
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Figure 4.5: Vertical Distribution of PCBs (as Total Aroclors) in Esquima lt Harbour
Sediment Cores

PCBs were not produced commercially prior to 1927 (Section 4.2.2), and the
chronology of PCB use relates well to the observed pattern of PCB distribution in
sediment cores. The decline in PCB concentration in the top 5 em of core EH7 and
the top 10 em of EH25 is probably a reflection of declining levels of PCB input
following the curtailment of PCB use in North America. The strong surface maximum
concentration of PCBs in core EH15, in Constance Cove, might be due to one or more of
the following:
•

PCB inputs near station EH15 may be more recent. PCBs may still be released
during the servicing of older electrical transformers and other components especially those manufactured or filled prior to the 1970s;

•

The sediment at station EH15 may experience greater resuspension by ships'
propellers, due to a slightly shallower depth and proximity to the Public
Works Graving Dock, which affects vertical stratification; and/or

•

The rate of sedimentation at station EH15 might be lower than at the other
two stations, and recent declines in PCB inputs are not apparent based on
examination of the sediment at vertical intervals of 5 em.

The last of these three explanations appears to be the most likely, since the
sediment PCB concentration declined at a much shallower depth than in the other two
cores. It should be mentioned, however, that the PCB concentration of the bottom 15 to
20 em of the core from station EH15 was 27 ppb, a level which still far exceeds the
analytical detection limit. The vertical extent of PCB contamination, and sedimentation
rates in Constance Cove merit additional investigation, since the depth of contamination
is directly related to the volume of contaminated sediment.

The vertical distribution in sediment of polycyclic aromatic hydrocarbons, PAHs,
had some similarities to that of PCBs. Stations EH7 and EH25 generally exhibited a
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subsurface maximum total PAH concentration (Appendix H) at a depth of 5 to 10 em.
The vertical distribution of heavy molecular weight PAH concentrations in sediment is
shown in Figure 4.6. The vertical distribution of all individual PAHs in the core from
station EH7 exhibited a similar vertical pattern (Figures 4.8 to 4.11 ). The lower but
detectable concentrations of PAHs in the bottom sections of the core, i.e., at a depth of 15
to 20 em and 20 to 25 em, suggest that PAHs occur at anthropogenically-elevated
concentrations deeper in the sediment at station EH7 than PCBs. This would be expected,
since PAHs were undoubtedly introduced to the harbour sediments as combustion
byproducts, as well as the use of coal and other petroleum products from the mid-1850s,
prior to the introduction PCBs.

The vertical distribution of PAHs in sediment at station EH25, at the entrance to
the harbour, is also shown in Figures 4.6 through 4.11. There was much less variation in
concentration of some of the individual PAHs between depths in the core. Vertical
variations in concentration were not obvious for most of the low-molecular weight PAHs,
excluding phenanthrene and anthracene, or for the high molecular weight PAHs
benzo(e)pyrene,

benzo(a)pyrene,

perylene,

indeno(1,2,3-cd)pyrene,

and

benzo(ghi)perylene.

The sediment concentration of PAHs in the core from station EH15, in Constance
Cove, did not exhibit any coherent vertical trend (Figure 4.6 to 4.11). The great
fluctuations in PAH levels at different sediment depths might have been caused by the
localized presence of coarser PAH-containing materials, such as coal particles or tar
balls. We have observed large chunks of coal in grab and trawl samples from Constance
Cove, as well as pockets of oily material in sediment samples directly adjacent to some of
the jetties.
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Overall, the concentrations of PAHs in sediment cores from Esquimalt
Harbour indicate that PAHs occurred at levels higher than background
concentrations (see Section 4.2.1 and Table 4.3) from the surface of the sediment to
the maximum depth sampled (20 to 30 em). The elevated concentration of PCBs in
Esquimalt Harbour sediment was more limited vertically, and sediments below 15
to 25 em were not contaminated with PCBs. The vertical sediment trends of
inorganic element levels were only partially delineated in one core which was only
10 em in length. It is expected, however, that the vertical trends of most inorganic
elements have been modified by geochemical processes in the sediment following
their deposition.
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Figure 4.7: Vertical Distribution of Low Molecular Weight PAHs
(ppb concentrations) in Esquimalt Harbour Sediment Cores.
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5.

CONTAMIN ANTS IN MARINE ANIMALS

The sediment concentratio ns of some inorganic elements,
tributyltin, PCBs, and PAHs (Chapter 4) in Esquimalt Harbour may
be sufficiently high to affect the health of marine plants and animals
within the harbour, provided that the contaminant s are present in a
chemical form which is bioavailablels. The sediment concentrations of
other organic contaminants, including dioxins/furans, were quite low, but
it is still important to determine if such persistent compounds are present
in animals at elevated concentrations due to biomagnification (see Chapter

3). This chapter evaluates contaminant levels in some marine animals
within Esquimalt Harbour, including the Common Mussel, Mytilus
trossulus (section 5.1), and Red Rock Crabs, Cancer productus (section
5.2), as a measure of contaminant bioavailabili ty and potential for
biological impact.
A subsequent report, based on ESG work in progress, will directly
assess biological impacts in Esquimalt Harbour. Investigations of
contaminant bioaccumulation in fish and invertebrates collected during
Environmental Protection cruises in Esquimalt Harbour and elsewhere are
currently being documented by Chris Garrett (Head, Toxic Substances,
Fate and Effects).

15 Bioavailable: present in a form that can be taken up by living organisms through either external surfaces
or ingestion.
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5.1. Bioaccumulation in Mussels
5.1.1. Inorganic Elements in Mussel Tissue

Mussels generally live attached to hard substrates, and obtain sustenance by
filtering particulate food (e.g., algae) from very large volumes of water pumped through
the gills. Contaminant uptake in mussels is a reflection of the portion of substances
found either dissolved or attached to suspended matter in the water column. For
example, Bryan et al. (1985) in a review of mussel uptake studies concluded that mussel
(Mytilus spp.) tissue concentrations of cadmium, chromium, mercury and lead - and

possibly other metals - are reflective of concentrations in the water. Contaminants
which were previously deposited in the seabed would tend to be found in the water
column, and thus in mussels, only as a result of physical, chemical, and/or biological
remobilization.

Mussels, Mytilus trossulus, were collected from five sites in Esquimalt
Harbour (see Map 3.1): F-jetty (EHSl), D-jetty (EHS2), upper harbour (EHS3),
Constance Cove near the Construction Engineering Building at the east end of
DND's dockyard (EHS7), and near the northern shore of Constance Cove (EHS9).
The concentrations of inorganic elements in mussel soft tissue is provided in Table 5.1:
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parts per millio n; ppm) in
Table 5.1: Inorg anic eleme nt conce ntrati ons (in ~-tg/g, or
Harb our, and comp ariso n
mussel, M. trossulus, soft tissue collec ted from Esqu imalt
al sites (1986 • 1988)
to the range of mean s for differ ent Unite d State s coast
(NOAA, 1989).
moni tored unde r the Intern ation al Muss el Watc h Progr am
Station

As
Cd
Co
Cr
Cu
Mn
Ni
Pb
Zn

EHS1

EHS2

EHS3

EHS7

EHS9

12
2.3
<2.0
<10
13
8.8
<2.0
<10
290

18
3.8
<2.0
11.8
11
15
<2.0
<10
206

14
2.4
<2.0
<10
15
7.9
<2.0
<10
160

16
9.5
<2.0
<10
28
8.0
<2.0
35
245

15
4.3
<2.0
<10
28
11
<2.0
15
302

Range of Average
Concentration
U.S. Coastal Areas
(NOA A, 1989)
4.6- 15
0.78- 11
0.66- 11
5.4- 21
0.89-6 .5
5.4- 0.39
71 "280

ls to a great er exten t in
Copp er, lead, and cadm ium were taken up by musse
lels the highe r sedim ent
Cons tance Cove samp les than elsew here; this paral
conce ntrati ons of most inorg anic eleme nts in Cons tance Cove.

be comp ared with a
The Esquimalt Harbour mussel tissue concentrations can
d States National Oceanic
much larger set of data compiled as part of the Unite
1989); this is summarized in
Atmospheric Administration Mussel Watch Project (NOAA,
A data with the Esquimalt
Table 5.1. One caveat on the comparison with the NOA
concentrations from a large
Harbour data is that the NOA A figures include only average
l United States, including
number of individual monitoring sites in the coasta
and maxim um analyzed
industrialized and non-industrialized areas. The minimum
er, cadm ium, and lead
concentrations are not, therefore, reflected in Table 5.1. Copp
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concentrat ions in mussels from Constance Cove (EHS7, EHS9) fell within the higher
range of the NOAA average values. Arsenic and zinc in all Esquimalt Harbour
mussel samples were comparab le to the upper ranges the NOAA data, suggesting
that the bioavaiJability was similar to some of the more contamina ted NOAA sites.

5.1 .2. Organic Contaminants in Mussel Tissue

Mussels from Stations EHS2, EHS3, EHS7 and EHS9 were analyzed for PCBs
and PAHs. The organic contaminant concentrations in soft tissue of Esquimalt Harbour
mussels, Mytilus trossulus, are provided in Table 5.2.

Mussels collected from Constance Cove (sites EHS7, EHS9) contained
higher concentrations of PCBs and several of the PAHs than mussels collected from
either D-jetty (EHS2) or the northern portion of the harbour (EHS3). The higher
sediment concentrat ion of PCBs and PAHs in Constance Cove is, therefore,
reflected in the resident mussels. The PCB and PAH concentrat ions measured in
these mussels were low, however, in compariso n with average tissue concentrat ions
found elsewhere (United States coastal sites) in the closely related species Mytilus
edulis (Table 5.2; NOAA, 1989).
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Table 5.2: PCB and PAH Concent rations in Mussels from Esquima lt Harbour (ng/g,
or ppb wet wt.)
EHS2

EHS3

EHS7

EHS9
Range of Means for
U.S. Coastal Sites
(NOAA, 1989)

10

No. pooled individuals

30

ca. 20

ca. 20
*31 - 4,300 ppb dry wt.

PCBs
Aroclor 1242

<1.6

<0.8

<1.4

NDR(2.3)

Aroclor 1254

3.4

4.4

18

18

Aroclor 1260

1.9

2.1

7.9

9.5

Arodor total

5

7

26

28

Low Molecular Weight PAHs
Napthalene

NDR(6.0)

NDR(6.4)

9.2

NDR(11)

Acenaphthylene

NDR(0.7)

NDR(0.8)

NDR(l.2)

NDR(l.2)

Acenaphthene

5.6

4.6

7.3

7.7

Fluorene

8.5

5.8

NDR(14)

9.4

38

22

88

110

NDR(4.7)

NDR(92.9)

8

NDR(14)

270

Phenanthrene
Anthracene

High Molecular Weight PAHs
Fluoranthene

78

33

210

Pyrene

30

8

120

150

Benz(a)anthracene

18

3.4

NDR(20)

NDR(38)

,. 5 - 800 ppb wet wt.

32

8.5

96

98

Benzofluoranthenes

NDR(22)

NDR(4.0)

NDR(47)

NDR(36)

Benzo(e)pyrene
Benzo(a)pyrene

NDR(10)

NDR(2.0)

NDR(34)

NDR(47)

NDR(2.8)

<1.8

<3.9

<2.3

Perylene

<1.2

<1.4

<2.6

< 1.6

lndeno( 1,2,3-cd)pyrene

<2.9

<1.8

<8.7

<7.3

Dibenz(ah)anthracene

<5.5

<4.1

<10

<10

Benzo(ghi)perylene

<2.0

<1.2

<4.0

<3.4

52

32

110

130

..3 - 4,200 ppb dry wt.

Total HPAHs

158

53

430

520

••< d.l. - 11,000 ppb dry wt.

Total PAHs (sum)

210

85

540

650

Chrysene

Total LPAHs

*The NOAA (1989) Mussel Watch results are expressed on a dry weight basis; it is assumed for the
purpose of comparison that the dry weight mass of Mytilus tissue varies from approximately 10 to 20%
of the wet weight mass.
**See the preceding note. The estimated range of mean concentrations based on wet weights is
approximately 0.3- 800 ppb for LPAHs and< d.l. (detection limits)- 2,200 ppb for HPAHs.
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Other organic contaminants, including chlorinated pesticides, chlorophenols,
dioxins/furans, and phthalate esters were not measured in mussels collected as part of the
ESG program, since these substances were not found in harbour sediment at elevated
concentrations; see Chapter 4. The potential for biomagnification of dioxins/furans was,
however, examined in Red Rock Crabs (Section 5.2.2). Readers interested in additional
information on the bioaccumulation of trace organic contaminants in other biota may
refer to the evaluation of the EP data (Garrett et al., in prep.)

5.2.

Bioaccumulation in Red Rock Crabs
Red Rock Crabs, Cancer productus, were collected at four sites in Esquimalt
Harbour (see Map 3.1): CB1 - in Plumper Bay; CB2 - in S.E. Constance Cove near
DND's Construction Engineering Building; CB3 - in Lang Cove; and CB4 - near the base
ofF-jetty.

Red Rock Crabs are closely related to Dungeness Crabs, Cancer magister, both
taxonomically and in terms of feeding habits. Dungeness Crabs, however, tend to be
found on softer, flatter seabeds and farther away from rocky shoreline areas than Red
Rock Crabs. Both species are commonly found in Esquimalt Harbour, although Red Rock
Crabs are more abundant in the near shore areas. Both species are also omnivorous,
living on bottom detritus and smaller organisms living in or on the seabed. Since Red

Rock Crabs live and feed in close association with bottom sediments, they may be
directly exposed to contaminants that have accumulated there.
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5.2.1. Inorganic Elements in Crab Tissue
The concentrations of inorganic elements in pooled hepatopancreas, as well as the
claw/leg muscle tissue of Red Rock Crabs are shown in Table 5.3. None of the inorganic
elements varied from site to site in crab muscle tissue; the between-site differences were
similar within the expected range of analytical variation (± 5 to ± 20%; see Appendix F:

QNQC). In particular , the muscle tissue concentrat ion of cadmium, cobalt,

chromium , nickel and lead were below detection. Manganes e, copper or zinc
concentrat ions did not vary between collection sites; therefore, the tissue
concentrat ions of these elements were not related to the concentrat ions in the
underlying sediment.

Table 5.3: Inorganic Element Concentra tions {ppm or J..tg/g dry wt.) in Tissues of
Red Rock Crabs from Esquimalt Harbour.
CB2

(Plumper Bay)

(S.E. Constance Cove) (Lang Cove)

Hepatopancreas
As
Cd
Co
Cr
Cu
Mn
Ni
Pb
Zn

13
<2.0
<10
91
5.6
<2.0
<10
295

12
22
<2.0
<10
367
7.7
<2.0
<10
398

8.1
4.3
<2.0
<10
128
16
<2.0
52
213

16
<0.5
<2.0
<10
44
<1.0
<2.0
<10
342

9.1
<0.5
<2.0
<10
54
2.2
<2.0
<10
324

not analyzed

13

Leg Muscle
As
Cd
Co
Cr
Cu
Mn
Ni
Pb
Zn

CB4

CB3

CBl
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(F-jetty)

8.8
13

<2.0
<10
106
4.8
<2.0
<10
277

13

<0.5
<2.0
<10
34
<1.0
<2.0
<10
365

The hepatopancreas in crustaceans (including crabs) is considered to be the
primary organ for the uptake and (for organic substances) detoxification of contaminants.
There was greater site-to-site variation in the concentration of inorganic elements in crab
hepatopancreas than muscle for some of the elements. Cobalt, chromium and nickel were
not detected in any hepatopancreas sample. Lead was found at a concentration above the
detection limit at only one site (CB3: 52 ppm). The hepatopancreas concentrations of
zinc and arsenic were similar to muscle tissue concentrations. Cadmium, copper, and
manganese were found at higher levels than in muscle tissue. Overall, there was no
clear indication that sediment contamination by inorganic elements was related to
uptake by Red Rock Crabs.

5.2.2. Organic Contaminants in Crab Tissue

The concentration of PCBs and PAHs in Red Rock Crabs is provided in Table
5 .4. PCBs and PAHs were found at higher concentrations in crab hepatopancreas than
muscle tissue. In addition, there were some site-to-site differences in the crab tissue
concentrations of these organic contaminants, which might indicate increased
bioavailability in specific areas of the harbour. PCBs, for example, were found at
higher tissue concentrations in both hepatopancreas and muscle at CB2 in southeast
Constance Cove, in comparison to the other three collection sites. PAHs appeared to be
slightly higher in concentration in pooled crab samples from CB4, near F-jetty.
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wet wt.) in Red
Table 5.4: PCB and PAH Conce ntratio ns (nglg, or parts per billion
Rock Crabs From Esqui malt Harbo ur.
CBl

CB2

CB3

CB4

(Plump er Bay)

(S.E. Constance Cove)

(Lang Cove)

(F-jetty)

Hepato.

Muscle

Hepato.

Muscle

PCBs

Hepato.

Muscle

Hepato.

Muscle

12

<1.3

280

35

NDR(I7)

NDR(3.2)

8.6

<2.4

Aroclor 1242
Aroclor 1254

150

<0.5

360

4.2

140

10

69

< 1.0

85

<0.8

160

Aroclor 1260

120

Aroclor total

280

<0.4

200

1.2

120

3

930

40

260

13

4.1

2.3

4

NDR(4)

35

5

8.1

NDR(0.4)

Low Molecu lar Weight P AHs
Napthalene
Acenaphthy lene

6.1
NDR(0.7)

2.9
NDR(0.3)

NDR(1)

NDR(0.4)

NDR(0.4)

<0.5

2.1

6.3

2.4

320

4.4

3.9

10

7.9

86

6.1

7.3

4.4

88

6.7
NDR(I.9)

Acenaphthene

10

1.5

10

Fluorene

7.4

2.6

6.9

Phenanthrene

6.5

Anthracene

1.7

2.1

9.4

<0.6

3.5

0.9

2.6

1.6

25

10

49

18

18

10

410

30

150

5.6

29

2.9

High Molecu lar Weight PAHs
Fluoranthene

46
20

Pyrene

3.7

23

8.5

19

11

3.2

3

2.2

4.4

4.8

1.6

72

4.3

NDR(19)

<1/4

Benz(a)anthracene

5.4

1.5

5.7

Chrysene

20

2.2

23

Benzofluoranthenes

NDR(8.2)

4.6

NDR(0.5)

NDR(5.9)

<1.0

NDR(2.0)

NDR(0.8)

<1 .0

1.2

<0.4

NDR(6.9)

<1.4

<1.6

<0.9

<0.6

NDR(4.2)

<2.2
<1.6

Benzo(e)pyrene

3.3

<0.5

NDR(3)

Benzo(a)pyrcne

<2.7

<0.8

<1.8

Perylene

<2.0

<0.6

NDR(2)

<1.1

<0.7

<0.4

NDR(8.0)

lndeno(1 ,2,3-cd)pyrene

<1.4

<1.3

<1.2

<1.2

<0.7

<0.7

<1.9

<1.8

<1.2

<1.7

<2.5

<3.6
<1.1

Dibenz(ah)anthracene

<1.8

<1.8

<1.6

<2.1

NDR(2.2)

<0.9

NDR(2.7

<0.7

NDR(l.O)

<0.5

4.4

32

9.1

34

14

30

16

560

22

Total LPAHs

95

17

100

34

46

25

670

43

Total HPAHs

130

27

130

48

76

41

1200

65

Total PAHs (sum)

Benzo(ghi)perylene

about the
The small sample set precludes making more detailed conclusions
ur. It is worth
bioavailability of sediment-sorbed PCBs or PARs in Esquimalt Harbo
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noting that many marine animals such as vertebrates (fish, birds, and mammals) and
some invertebrates have the ability to enzymatically degrade or otherwise modify a wide
range of organic substances in order to detoxify, and/or eliminate them from their bodies.
Body burdens of organic contaminants, therefore, reflect not only rates of uptake but also
rates of breakdown and elimination, and may not necessarily indicate the potential for
adverse effects on an organisms health.

Dioxin and furan concentrations were not obviously elevated in the harbour
sediment relative to background sediment concentrations associated with more diffuse
inputs (Chapter 4). Dioxins/furans, however, tend to biomagnify in marine food chains,
and - like other environmentally persistent chlorinated organic contaminants - may occur
at harmful concentrations in predatory animals even though the concentrations in
sediment or water are extremely low. The commercial Dungeness Crab fishery in
Victoria Harbour has been closed due to the presence in crab tissue of 2,3,7,8-TCDD at
levels exceeding Canada Health and Welfare guidelines. Given the possibility of
dioxin/furan inputs to Esquimalt Harbour in association with pentachloropheno l
contamination, and the strong tendency for dioxins/furans to biomagnify, it was
necessary to examine crab tissue concentrations in a subset of samples. Crabs from sites
CB2 (Constance Cove) and CB4 (F-jetty) were analyzed for dioxins/furans,; the results
are shown in Table 5.5.

Dioxins and furans were not detected in muscle tissue from pooled crab samples
at either site, and there is, therefore, no human health risk from dioxins/furans in crab
muscle tissue. The dioxin/furan concentrations in hepatopancreas were also relatively
low, confirming that dioxins and furans are not contaminants of concern in Esquimalt
Harbour.
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Table 5.5: Concentrations of Dioxins/Furans (expressed as pg/g, or parts per
trillion, ppt) in Hepatopancreas and Muscle Tissue of Red Rock Crabs From
Esguimalt Harbour.
CB2

CB2

CB4

CB4

Hepato,

Claw muscle

Hepato.

Claw Muscle

9

9

15

15

T4CDD-Total

4.8

<0.5

3.6

<0.04

2,3, 7,8-TCDD

0.3

<0.5

0.2

<0.04

PSCDD- Total

8.4

<0.08

6.4

<0.06

1,2,3,7,8-PCDD

1.3

<0.08

1.2

<0.06

H6CDD- Total

20

<0.5

20

<0.09

1,2,3,4,7,8-HCDD

0.8

<0.5

0.8

<0.09
<0.09

Collection Site
Tissue
No. pooled indiv.

1,2,3,6,7,8-HCDD

6

<0.5

6.3

1,2,3,7,8,9-HCDD

1.5

<0.5

ndr(1.3)

<0.09

H7CDD- Total

22

<0.9

140

<0.4

1,2,3,4,6,7,8-HCDD

11

<0.9

31

<0.4

08CDD

15

<2.3

96

<0.9

T4CDF-Total

35

0.3

18

<0.04

2,3,7,8-TCDF

8

ndr(0.1 )

3.4

<0.04

PSCDF- Total

20

<0.4

19

<0.04

1,2,3,7,8-PCDF

1.1

<0.4

0.6

<0.04
<0.04

2,3,4,7,8-PCDF

2.5

<0.4

2

H6CDF- Total

15

<0.4

57

<0.1
<0. 1
<0.1

1,2,3,4,7,8-HCDF

1.6

<0.4

8

1,2,3,6,7,8-HCDF

1.2

<0.4

4.1

0.8

<0.4

1.6

<0.1

2,3,4,6, 7,8- HCDF

<0.1

<0.4

<0.09

<0.1

H7CDF- Total

6.5

<0.4

79

<0.2

1,2,3,4,6,7,8-HCDF

5.4

<0.4

74

<0.2

<0.2

<0.4

ndr (0 .2)

<0.2

ndr (0.5)

<0.4

ndr (0.1)

<0.2

PCDDTotal

70.2

not detected

266

not detected

PCDF- Total

56.5

not detected

251

not detected

1,2,3,7,8,9-HCDF

I ,2,3,4,7,8,9-HCDF

<0.4
08CDF
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6.

IMPLICATIONS

The magnitude of contaminant concentrations in sediment may not
be directly related to the severity of effects on resident organisms (see
Section 3.1: Approach). One of the major objectives of this study is to
provide background knowledge for future decisions related to the
management of human activities in and around the harbour, as well as the
mitigation of historical impacts. This chapter

compares the levels of

sediment contamination with similar areas on the west coast of North
America where various environmental initiatives have already been
adopted in response to environmental impact. Section 6.1 provides a

comparison of the range of contaminant concentrations in Esquimalt
Harbour sediment with other industrialized and 'natural' coastal
areas.
Section 6.2 examines the contaminant concentrations in
Esquimalt Harbour sediment relative to various sediment quality
criteria.
This chapter is intended to provide an initial assessmnet of the
degree to which Esquimalt Harbour is contaminated. Greater detail, and a
more direct evaluation of environmental impact, will be contained in the
Phase II report.
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6.1. Comparisons with Other Industrialized Harbours
There has been considerable emphasis over the last decade on the study of
chemical inputs and environmental impacts in industrialized marine coastal areas. It is
instructive to compare the sediment contaminant concentrations found in Esquimalt
Harbour with other harbours; this provides one approach to assessing the relative
severity of environmental problems.

The interest by local citizens in the environmental health of Esquimalt Harbour is
also focused on Victoria Harbour and areas of Juan de Fuca Strait which are contiguous
with both Victoria and Esquimalt Harbours. Unfortunately, previous studies of sediment
chemical contamination in Victoria Harbour have been limited; a comprehensive
investigation has not been carried out. Discussion of the need for remedial measures in
Esquimalt Harbour will probably also consider other coastal areas in the Greater Victoria
area. Table 6.1 compares the range of contaminant concentrations found in
Esquimalt Harbour sediment with sediment levels from the Macaulay Point outfall near the Esquimalt foreshore in the Juan de Fuca Strait (EVS, 1992), Vancouver
Harbour (Goyette and Boyd, 1989), Puget Sound (Konasewich et al., 1982), and
Loughborough Inlet - a pristine fjord on the coast of the British Columbia mainland
(Goyette and Boyd, 1989).
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Table 6.1: Ranges of Contaminant Concentrations in Some Urbanized and Pristine
Coastal Marine Areas of British Columbia and Washington State.
Esquimalt
Harbour

Macaulay Point
(EVS, 1992)

Puget Sound
(Konasewich et al,
1982}

Vancouver
Harbour (Goyette
and Bovd, 1989}

Loughborough
Inlet (Goyette and
Bo~d , 1989}

*Inorganic Elements (ppm)
Arsenic

2.1-560

5.5 - 12

3- 280

< 8-96

<8

Cadmium

<1.0- 3.6

<0.1- 0.4

3.1- 18

<0.3- 10.2

0.31 - 0.65

Chromium

<20- 135

34-59

21- 160

29-267

32- 39

Copper

19 -2,200

16- 197

10- 1,600

48- 9,760

56- 72

Mercury

<0.2- 14

<0.05- 0.98

0.02 -1.2

0.11-4.6

0.12-0.13

11-40

not analyzed

13 - 130

7- 119

18- 25

Lead

<10- 990

8- 129

8-790

17- 15,420

21-23

Zinc

45-3,800

68- 198

up to 1,700

88-2,267

102- 135

3.2-4,600

not analyzed

<0.02- 790

<20- 900

20- 50

370 - 102,000

270-26,500

150-63,000

1,340 - 36,890

not analyzed

Nickel

Organic Contaminants (ppb)
Total PCBs
TPAHs

* Care must be exercised when comparing inorganic element concentrations. These are
subject to natural variability (see Chapter 3).

Overall, the range of concentrations of most inorganic element, PCBs and PAHs
in the seabed of Esquimalt Harbour was similar to the range found in Vancouver
Harbour, the major seaport on the west coast of Canada, and Puget Sound near urbanized
industrialized areas such as Elliott Bay near Seattle or Commencement Bay near Tacoma.
All substances examined were much higher in concentration in Esquimalt Harbour
sediment samples than the background concentrations found in Loughborough Inlet. The
comparisons within Table 6.1 serve to emphasize the high sediment concentrations
of PCBs, PAHs, arsenic, mercury, and lead in Constance Cove of Esquimalt
Harbour.
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Many PAHs are known to be mutagens and carcinogens. Considerable research in
Puget Sound has clearly demonstrated a link between PAHs in sediment and liver lesions
in English Sole, Parophrys vetulosus, and other flatfish species (Malins et al., 1988;
Myers et al, 1987). In Port Moody Arm of Vancouver Harbour, 75% of English Sole
caught in 1987 exhibited liver lesions; the maximum observed total PAH concentration in
a sediment sample from Port Moody Arm was 36,700 ppb (Goyette and Boyd, 1989).
The total PAH concentration in a sediment sample near the Public Works Graving Dock
in Esquimalt Harbour was 102,000 ppb, and the total PAH concentration exceeded
10,000 ppb in all of Constance Cove, excluding some near shore areas. It is likely,

therefore, that PAH levels in Esquimalt Harbour sediments are sufficiently high to
adversely affect some bottom-dwelling animals.

The sediment concentrations of PCBs in Esquimalt Harbour were, on
average, much higher than levels found in either Vancouver Harbour or Puget
Sound. Given the environmental persistence of PCBs and tendency to biomagnify in
higher predators, there appears to be the possibility of associated impacts.

6.2. How Much is Too Much ? Comparisons With Sediment Quality Criteria.

The toxicity of many substances varies according to local environmental
conditions. It is, therefore, difficult to accurately predict environmental impact simply
from measurements of contaminant concentrations in an environmental medium such as
sediment. Nonetheless, several groups have developed, or are in the process of
developing, guidelines or sets of criteria for contaminant concentrations in sediment
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which, based on a preponderance of toxicological studies, provide maximum values
beyond which degradation of the marine habitat is expected to occur.

Several sets of sediment criteria are reviewed here, and compared to sediment
levels of substances measured in Esquimalt Harbour. The sediment quality criteria or
guidelines include•

Washington State Department of Ecology S diment Manage ment Standard April 1991;

•

National Oceanic and Atmospheric Administration (NOAA) Effects Range
Concentrations- 1990;

•

Regional Ocean Dumping Adv isory Comm ittee (RODAC) rnterirn Contamin ant
T estin g Guidelin es for Ocean Disposal, Pacific and Yukon Regi n- April 1991;

•

Province of British Columbia. Ministry of Environment. Water Management
Branch: Provisional Water Quality Objectives for Burrard Inlet- 1990; and
Norwegian Institute for Water Research (NIVA) Preliminary Proposals fo r
Classification of Marine Environmental Quality Respecting Micropollutants in
Water. Sediments and Selected Organisms- May 1992.

AU of these sets of criteria or guidelines share a common objective: to
manage past and present inputs of contaminants into marine coastal areas so as to
protect biological populations, communities and ecosystems.

The Canadian Council of Ministers of the Environment (CCME) are also working
on sediment quality criteria, which will be similar in their objectives to the already
established CCME (1991) soil criteria. A criterion-based approach aims to provide a
more concrete basis for the day to day assessment of environmental quality. The NOAA
guidelines, for example, were established to allow a prioritization of monitoring and
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clean up efforts at over 200 coastal sites m the United States. Details of the
criteria/guidelines are provided below.

The numerical concentration values for the criteria/standards/guidelines discussed
here are included in an abbreviated form as Appendix J, or have been included as tables
in the following section. The reader is cautioned that the tabulated values should not be
interpreted out of context; the original documentation contains considerable information
relevant to the appropriate application of discussion of the sediment quality values.

6.2.1. Washington State Department of Ecology Sediment Management Standards.
The Washington State Department of Ecology (WDOE) Sediment Management
Standards were adopted into law in Washington State, U.S.A., on 27 April 1993 (see
Appendix J). The standards include two tiers of criteria: Marine Sediment Quality
Standards; and Marine Sediment Impact Zone Maximum Criteria. The standards/criteria
for both categories are comprised of sediment concentrations of various substances such
as inorganic elements, chlorinated organic substances and PAHs. Both sets of criteria

are based on an "Apparent Effects Threshold" (AET) approach. An AET is the
sediment concentration for a single substance above which statistically significant
adverse effects for a living organism, or organisms, is always expected in
comparison with appropriate 'reference' (= background) conditions. The DOE
criteria were actually developed in parallel with another set of standards, the Puget Sound
Dredge Disposal Analysis (PSDDA, 1989) guidelines for ocean disposal, but are directed
more at in situ sediments as opposed to dredge spoils. The Capital Regional District for
the Greater Victoria area have also informally adopted the WDOE criteria as one means
of assessing seabed effects around the two major submarine sewage outfalls in the
Greater Victoria area.
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The WDOE (and PSDDA) criteria are based on AETs for four sets of biological
indicators: amphipod bioassays; benthic community structure; Microtox bioassays; and
oyster larvae toxicity bioassays. For every chemical examined, sediment concentrations
from Puget Sound samples which resulted in adverse effects to one or more of the
bioindicators were tabulated. AET levels were established for each chemical and each
bioindicator as the sediment concentration above which adverse effects were always
noted.

Washington State Department of Ecology Marine Sediment Quality
Standards represent the lowest AET concentrations for any of the four
bioindicators. Contaminant concentrations below the Sediment Quality Standards,
therefore, are not expected to result in long-term deleterious changes to the environment.

WDOE Marine Impact Zone Criteria are defined as the second lowest documented
AET for the four bioindicators. Concentrations between the Sediment Quality
Standards and the Impact Zone Criteria are expected to exhibit "minor adverse effects"
(Washington State Department of Environment, 1991). Levels above the Impact Zone
Criteria are targeted for clean up. Both sets of standards/criteria for organic substances
include numerical values for sediment chemistry based on dry weight concentrations as
well as on concentrations normalized against the percent organic carbon content of the
sediment.
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6.2.2. NOAA Sediment Effects Range Concentrations.
The specific intent of the U.S. National Oceanic Atmospheric Administration
(NOAA) Sediment Guidelines is to allow a ranking of U.S. coastal sites under NOAA
jurisdiction with regard to the potential for adverse biological effects. Long and Morgan
(1990) state "Note that these ... values are not to be construed as standards or criteria".
Although the NOAA guidelines do not place any legal obligations on any party with
respect to environmental management, they are worth examining as a possible set of
predictors of environmental impact associated with sediment contamination (see also
Appendix J).

The underlying developmental philosophy is similar to that of the Washington
State or PSDDA standards. The guidelines were chosen based on compilation of

environmental data from over 200 coastal sites. For each chemical, "Effects
Ranges" (ERs), were defined based on the tabulated data. There are differences in the
definition of the NOAA ERs and the WDOE AETs; for example, the NOAA guidelines
were established based on sediment quality/marine impact studies throughout the coastal
U.S.A., not just Puget Sound. The data used by NOAA to define ERs was more diverse
than for the development of AETs. Three basic approaches were used in assessing the

possibility of impact from a given sediment concentration: equilibrium partitioning
studies; laboratory bioassays using spiked sediments; and scrutiny of diverse
biological and chemical data collected during field surveys.

The sediment concentrations for each chemical which where associated with a
biological effect were sorted. The lower 10 percentile for concentrations associated

with effects was defined as an Effects Range - Low (ER-L). The median sediment
concentration for all data where biological effects were noted was defined, for each
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analyte, as an Effects Range - Median (ER-M). Sediment contaminant concentrations
exceeding the ER-L for one or more analytes should have some possibility of resulting in
at least minor biological effects. ER-M concentrations would be predicted to have a high
possibility of effects.

There are differences between individual substances in the degree of confidence
placed on ER-L and ER-M values in terms of their predictive value; this is not
unexpected since different substances often have variations in the complexity of their
geochemical cycles, which in turn affects bioavailability, and may also exhibit different
modes of toxicity. Thus, Long and Morgan (1990) placed a high degree of confidence on
ER-M values for cadmium, copper, lead, mercury, and zinc whereas their subjective
degree of confidence in ER-L and ER-M values for most organic contaminants such as
PCBs or individual P AHs was low or moderate.

6.2.3. Regional Ocean Dumping Advisory Committee (RODAC) Interim Contaminant Testing
Guidelines for Ocean Disposal, Pacific and Yukon Region.
Canada is a signatory to the London Dumping Convention, which defines
'significant amounts' concentrations for specific chemicals in dredged sediment; under the
convention, special care measures are required for disposal. A dredged sediment
concentration for arsenic, beryllium, chromium, copper, nickel, vanadium or zinc which
exceeds 1,000 ppm (0.1% by weight) or a lead concentration which exceeds 500 ppm
(0.05% by weight) require special measures for disposal under the Convention.

The Regional Ocean Dumping Advisory Committee (RODAC) is also
mandated under Schedule 111, Part 111 of the Canadian Environmental Protection
Act (CEPA) to consider 'the practical availability of alternative land based methods
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of treatment, disposal, or elimination, or of treatment to render the substance less
harmful for dumping at sea.' RODAC, therefore has provisionally adopted a set of
"Screening and Rejection Limits" for chemical concentrations in dredged sediment, as
well as requirements for specific chemical analysis and bioassay studies to allow an
assessment of the possibility for harmful effects if a dredged sediment is disposed in the
ocean. The Interim Screening/Rejection Concentrations are provided in Table 6.2.

The RODAC limits have regulatory force in Canada, but only as applied to
the disposal of sediments after they have been dredged. Although the contaminant
limits defined are intended to reduce environmental risks in marine environments, their
applicability to in situ sediments is questionable. The RODAC limits do provide an
indication of the problems associated with the disposal of sediments from Esquimalt
Harbour if there is a future need for maintenance dredging.
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Table 6.2: RODAC Interim Screening and Rejection Limits.
Analyte

Screening/Rejection Limits

(~J.g/g,

or ppm dry wt.)

0.6

Cadmium
Mercury
Lead

0.75
500*
1000*

Arsenic
Copper
Zinc
Beryllium
Chromium
Nickel
Vanadium

II
II
II
II

"
II

1.0
Chlorophenols
(penta and tetra
isomers)
0.1
PCBs (total)
2.5
PAHs (total)
7 , 8~ TCDD{fCDF
2,3,
quantifiable
Dioxin/Furan
* defined as 'significant amounts' under the London Dumping Convention.

6.2.4. Province of British Columbia, Ministry of Environment, Water Management Branch:
Provisional Water Quality Objectives for Burrard Inlet.

The Province of British Columbia, Ministry of Environment has established
provisional water (and sediment) quality objectives for several inorganic elements,
nutrients, chlorophenols, PCBs, PAHs, tributyltin, microbiological indicators, and some
other variables for the Burrard inlet area, near Vancouver (Appendix J). The objectives
were established as targets to aim for which, if achieved "will protect all uses including
aquatic life and recreation" (British Columbia Ministry of Environment, 1990). The
Burrard inlet objectives were based on other established criteria and available data for
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water quality, water uses and waste discharges. These standards have no legal standing,
but like the NOAA guidelines, are policy objectives and planning tools.

The scientific rationale behind the Burrard Inlet sediment objectives is not as well
documented as for either the Washington State DOE Standards/Criteria or the NOAA
Guidelines. It is important to note that the Burrard Inlet Objectives for chemical
substances

in

sediment

are

considerably

lower

than

any

other

criteria/standards/guidelines established based on Apparent Effects studies or
definition of Effects Ranges. The objectives undoubtedly include a large margin of
safety for the attainment of desirable chemical concentrations in sediment that are
conducive to a healthy environment. The Burrard Inlet objectives have not been widely
adopted for the management of aquatic ecosystems in other areas of the province.

6.2.5. Norwegian Institute for Water Research (NNA) Preliminary Proposals for
Classification of Marine Environmental Quality Respecting Micropollutants in Water,
Sediments and Selected Organisms.

The Norwegian Institute for Water Research (NIVA) recently published a
proposed marine water, sediment, and bioaccumulation 'classification system' (Knutzen,
1992). NIVA recognize the need for contaminant classification systems in addition to
the more frequently adopted criteria for substances in water (e.g., Canadian or U.S.
E.P.A. drinking water standards). Sediments are the main repository of most
contaminants, and it is often difficult to obtain accurate measurements of many organic
contaminants in water. In addition, many bottom-dwelling animals may be directly
exposed to sediment-sorbed contaminants, and many of these species are consumed by
humans.
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The NIV A classification system divides the possible range of chemical
concentration in water, sediment, or some marine animal tissues into four classes:
Class I: None or insignificant contamination/pollution - Concentrations of
analytes from below detection up to the 75th percentile of observed
concentrations based on natural or background occurrences;
•

Class II: Moderate contamination/pollution - up to the water quality criterion
for the protection and exploitation of aquatic communities;

•

Class III: Marked contamination/pollution - up to the limit beyond which
considerable damage or problems are caused; and

•

Class IV: Strong contamination/pollution - concentrations which cause great
damage and problems, without any upper limit.

Class I is similar to the CCME Assessment Criteria for Contaminated Soils, in
that it represents a trigger concentration beyond which additional scrutiny is required.
Above all, it is important to note that the NIVA classification systems is only
proposed, with specific reservations, and is not intended to be used in isolation.
Knutzen (1992) provides several cautions concerning the validity and interpretation of
the classification system; this includes, in particular, the uncertainty of prediction based
on the presently available environmental effects data. Knutzen (1992) states "The
conclusion is that the concentration intervals for the classes above class I, at least for the
present, cannot be directly related to damage and problems." It is likely that the cutoff
limits for Classes II and III will evolve over time in response to changes in scientific
knowledge.

182

Table 6.3: NIVA (1992) Proposal for Classification of Micropollutant Contents in
Upper layers of Fine-grained Fjord Sediments. Concentrations in ~g/g (ppm) dry
weight for [norganic Elements; ng/g (ppb) dry weight for organic compounds.
Substance

Class I

Inorganic Elements (ppm)
< 20
Arsenic
< 0.25
Cadmium
< 70
Chromium
35
<
Copper
< 0.15
Mercury
< 800
Flo uri de
< 30
Lead
< 30
Nickel
< 0.3
Silver
< 150
Zinc
Organic Substances (ppb)
< 300
TPAH
<5
B(a)P
< 5?*
l:PCBs
< 0.5?
HCB
0.03?
<
2,3,7,8-TCDD
e uiv.

Class III

Class II

Class IV

20-80
0.25- 1
70- 300
35- 150
0.15- 0.6
800-3000
30- 120
30- 130
0.3- 1.3
150- 650

80 - 400
1-5
300- 1400
150- 700
0.6-3
3000- 8000
120- 600
130- 600
1.3- 6.0
650- 3000

> 400
>5
> 1400
> 700
>3
> 8000
> 600
> 600
>6
> 3000

300- 1000
5-25
5-25
0.5 - 2.5
0.03- 0.12

1000-6000
25- 100
25- 100
2.5- 10
0.12- 0.6

> 6000
> 100
> 100
>10
> 0.6

* ?: Insufficient data on background concentrations.

6.2.6. Comparison of Esquimalt Harbour Sediment Chemistry With Available
Criteria/Guidelines.
All of the aforementioned sets of numbers for chemical concentrations in
marine sediment share a common objective; to limit or reduce marine
environmental contamination for the protection of aquatic life and resource use.
Very different methodologies were used in designating a series of sediment chemical
concentrations, and there are considerable differences in the ranges of concentration
proposed by the individual agencies as protective of marine environmental health. It is
also important to note that the criteria/standards/guidelines take into account the possible
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impact associated with exposure to one contaminant at a time. Organisms living in or
near sediments are simultaneously exposed to the entire chemical milieu, with the
possibility of additive, multiplicative or other interactive effects between individual
contaminants. It is prudent, therefore, to incorporate additional margins of safety when
applying the sets of numbers to management of specific marine environments.

The sediment contaminant concentrations in Esquimalt Harbour were compared
to the available marine sediment quality criteria/standards/guidelines. Figures 6.1 to 6.10
show, for each inorganic element or organic contaminant, the number of sediment
samples in Esquimalt Harbour (red vertical bars) which fall within a given concentration
range; the magnitude of contamination increases along the x-axis, from left to right. The
NIVA sediment classification system (see Section 6.2.5, above) is illustrated above the
Esquimalt Harbour data. Sediment samples with concentrations in the range of the NIV A
Class III (orange) and IV (red) intervals, in particular, are expected to have adverse
effects on biota.

The sediment concentrations beyond which adverse environmental effects are
expected according the other available sediment quality criteria/standards/guidelines are
also shown as vertical black lines. Values theoretically indicative of lower levels of
impact tend to occur at lower concentrations, to the left of the plots.
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Figure 6.1: Comparison of Harbour Sediment Arsenic Concentrations with Available
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Figure 6.3: Comparison of Harbour Sediment Copper Concentrations With Available
Sediment Quality Criteria.
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Figure 6.4: Comparison of Harbour Sediment Lead Concentrations With Available
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Figure 6.5: Comparison of Harbour Sediment Mercury Concentrations With Available Sediment
Quality Critetia.
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Figure 6.6: Comparison of Harbour Sediment Zinc Concentrations with Available Sediment
Quality Criteria.
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There are considerable discrepancies between the aforementioned sets of
numbers, in terms of concentrations above which environmental effects are expected. The
Washington State DOE Maximum Impact Zone Criteria and

the NOAA ER-M

guidelines (designated on the figures as Effects Range - High), for example, should
provide similar predictions: Sediment contaminated beyond either the DOE Criterion or
the ER-M guideline are expected to have negative effects on marine organisms. The two
sets of concentration numbers, however, disagree substantially for lead, mercury, and
zinc (Figures 6.4, 6.5, 6.6), which are contaminants of concern in Esquimalt Harbour.

Substantial areas of surface sediment in Esquimalt Harbour, nonetheless,
exceed all available criteria/standards/guidelines for PCBs, total PAHs (or LPAHs
and HPAHs) and mercury. Large portions of the Constance Cove seabed are expected
to be impacted, since sediment concentrations of several contaminants exceed all
criteria/standards/guidelines.

A detailed investigation of contaminant impact on bottom-dwelling animals
of Esquimalt Harbour, sponsored by the Department of National Defence, is in
progress. This will provide an understanding of the relationship between past and
present anthropogenic inputs and impacts to living animals within the harbour. The
sediment contaminant data documented here and knowledge from the impact study will
also allow an assessment of the predictive value of available sediment contaminant
guidelines.
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7.

SUMMARY AND CONCLUSIONS

The Environmental Sciences Group (ESG), RRMC, in consultation with the
Environmental Protection (EP) Branch of Environment Canada, undertook a study
of historical activities, chemical contamination of marine sediments, and biological
uptake in Esquimalt Harbour, British Columbia. The Phase I scientific investigation
had two main objectives: (1) to assess the overall health of the harbour in terms of
contaminant concentrations in the seabed; and (2) to use spatial patterns of
contamination in conjunction with historical information for the identification of
past and

present contaminant inputs. The results also provide a basis for the

accurate determination of the degree to which there has been impact; i.e., the extent
to which the environmental health of the harbour has been impaired. This will be
discussed in more detail in the Phase II report.

The following conclusions were made:
•

The examination of sediment concentrations at 50 sites in Esquimalt
Harbour, in addition to other sites sampled by EP, revealed that
contaminants of concern in the harbour include several inorganic elements,
polycyclic aromatic hydrocarbons (PAHs) - especially some of the heavier'
molecular weight PAHs, polychlorinated biphenyls (PCBs), and organotins.
Chlorophenols, chlorinated pesticides (e.g., DDT residues), dioxins/furans, and
phthalate esters were not deemed to be of concern based on the low levels
observed in sediment samples.

•

The Constance Cove area of Esquimalt Harbour, which has been used extensively
for more than one century as a major site of ship building, maintenance and repair
by private corporations (e.g., Yarrows shipyard), the Department of National
Defence (CFB Esquimalt dockyard), and by other agencies (e.g., the Public
Works Graving Dock), has been contaminated by a large suite of chemical
contaminants. Uncontrolled, historical release of used sand-blasting grit and
associated antifouling paints, in particular, has influenced contaminant loads in
adjacent marine sediments;
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Other activities such as the use of chlorophenol-based wood preservatives by a
commercial sawmill on the harbour, log-booming, or refueling activities, have
resulted in relatively smaller inputs.
•

Spatial distributions of the contaminants of concern were examined: most
contaminants were substantially elevated over background concentrations in
almost all of Constance Cove and near 0- and F-jetty on the western shore of
Esquimalt Harbour. Extremely high inorganic element, PAH, PCB and tributyltin
levels were found in the sediment sample collected at the entrance to the Public
Works Graving Dock. Locally elevated concentrations of some contaminants
were also apparent near the Yarrows shipyard and DND's A- and B-jetties.

•

Limited data on the concentrations of contaminants in mussel and crab tissue
suggest that locally elevated sediment concentrations of some substances is
accompanied by increased bioavailability.

•

The range of concentrations in Esquimalt Harbour sediments of contaminants of
concern are similar to other urbanized, industrialized coastal areas such as
portions of Puget Sound, or Vancouver Harbour. The upper concentrations of
HPAHs, PCBs, and mercury in Esquimalt Harbour, however, are high even in
comparison with other industrialized harbours. There are no available sediment
quality criteria which presently allow confident prediction of impact associated
with these levels of contamination. Guidelines or criteria adopted or proposed by
other (non-Canadian) agencies, however, uniformly suggest that adverse
environmental effects are to be expected (based on the sediment concentrations of
HPAHs, PCBs and mercury).

•

The impact of contaminants on bottom-dwelling organisms in Esquimalt Harbour
will be assessed directly; the study, funded by the Director General of
Environment, Department of National Defence, in progress. This new work, along
with this study of sediment contaminant levels will allow a critical assessment of
the predictive value of sediment quality criteria, and may contribute to the
development of appropriate criteria in Canada.

•

The spatial distributions of contaminants in sediment allows an assessment of
major shoreline sources of input, and should facilitate continued improvement in
the control of shoreline contaminant inputs.
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