OCEAN WATCH | Átl’ḵa7tsem / Txwnéwu7ts / Howe Sound 2020

CLEAN WATER

Clean
Water

Shoreline on Ḵw’émḵw’em/
Defence Island.
(Credit: Tracey Saxby)
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Summary
After years of industrial pollution and heavy usage of the Átl’ḵa7tsem/Tx-

wnéwu7ts/Howe Sound waterways, large efforts have been made by government, industry and communities to clean up its waters. Today, the positive
impacts of these actions are finally being seen, with some metals and dioxin and furan concentrations decreasing to near or within safe levels, and the
passage in 2019 of Bill C-64 that assists in addressing wrecked, abandoned or
hazardous vessels.

Unfortunately, new threats are emerging. The presence of plastics in our
oceans is pervasive and was prominently seen after the 2018/2019 winter
storms damaged infrastructure throughout the Sound. There is concern about
the impact of microplastics (i.e., <5 mm) entering the food web, and further
research is needed. Vessel traffic continues to grow and a number of large
developments are proposed or underway along the shorelines, all of which
can impact water quality in the Sound. An important piece of this puzzle –
contaminant monitoring – is ongoing at three sites in the Sound via PollutionTracker.

Overshadowing everything are the myriad effects from climate change, most
of which still require further research. Rising ocean temperatures are likely to stress marine organisms, potentially leaving them more vulnerable to
the toxic effects of contaminants. Additionally, some of these contaminants
have settled in sediments that could be stirred up by the predicted increasing
frequency and intensity of storms, potentially releasing them back into the
waters of the Sound.

Further actions are needed to continue the improving trends being observed.
Some metals continue to exceed provincial water quality guidelines. Dioxins
and furans continue to be detected in water, sediment and crab samples, albeit at lower concentrations than seen in previous years, and abandoned and
wrecked vessels continue to be a problem.
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Ocean Watch Health Rating
HEALTHY 1) The status is healthy according to available data, 2) the trend is positive if known, 3) some data are
available, and/or 4) actions to address or mitigate are well underway and are known to be effective. Actions should be
taken to maintain positive status and/or trend.
CAUTION Status, trend, data, and/or actions provide contradictory or inconclusive information. Actions are needed to
move into positive status and trend and avoid negative status and trend.
CRITICAL 1) Impacts or issues are high risk or have resulted in a low or vulnerable status, 2) improvements are
uncertain, minor, or slow, and/or 3) actions to address or mitigate are non-existent, vague, or have low effectiveness.
Actions are needed to move into positive status and trend.
LIMITED DATA/ NOT RATED Not rated due to the nature of the article, or there are not enough data to produce an
assessment.

ARTICLE + 2020 RATIONALE

2017

BRITANNIA MINE
Some improvements have been seen following wastewater treatment; however,
exceedances of water quality guidelines are still occurring.
PULP MILL: MARINE EFFLUENT
Dioxin and furan contamination in sediment and benthic life is decreasing following
regulations but is still detected.
WRECKED, ABANDONED, AND PROBLEM VESSELS
The passage of Bill C-64 has increased resources available for removal of vessels;
however, this is a complex issue and further refining of legislation is necessary.
POLLUTIONTRACKER NEW
Dioxin and furan concentrations are high, especially in mussels, when compared
with other areas along the B.C. Coast. Metals continue to be detected in sediments,
sometimes above sediment quality guidelines.
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Britannia Mine:
contamination, remediation
and monitoring
AUTHORS
Jennifer Chapman, Research Assistant,
Ocean Watch, Ocean Wise Research
Institute

What is happening?

Amber Dearden, Research Assistant, Ocean
Watch, Ocean Wise Research Institute

In the early 1900s, the former Britannia Mine was considered to be amongst

REVIEWER

ica.1 The Ocean Watch Howe Sound Edition (OWHS) 2017 article on Britannia

Juan Jose Alava, Research Associate,
Institute for Oceans and Fisheries,
University of British Columbia

the biggest sources of metal contamination into waterways in North Amer-

Mine Contamination summarized evidence of environmental impacts. Specifically, Sḵwx̱wú7mesh Úxwumixw/Squamish Nation people were heavily
impacted because they typically consumed greater quantities of traditional
seafood sources, such as bivalves, crustaceans and fish (e.g., Pacific salmon),

Britannia Mine Museum. (Credit: Bob Turner)
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which can be exposed to and retain these contamin-

In 2001, a remediation project was started by the

ants. Further, Sḵwx̱wú7mesh Úxwumixw/Squamish

provincial government that combined a number of

Nation have high value and spiritual/human connec-

mitigation actions; for example, a water treatment

tion for the integrity of the ecosystem (i.e., spiritual

plant was built with a deep-water outfall (see Britan-

ecology). Salmon were, and still are, of particular im-

nia Mine, OWHS 2017). An overall closure plan was

portance as seafood and as a spiritual connection for

developed, which stipulated remedial efforts and

the Sḵwx̱wú7mesh Úxwumixw/Squamish Nation (see

risk assessments were required to attain acceptable

Britannia Mine, OWHS 2017); metals can be lethal or

environmental conditions (e.g., acceptable human

impair important sensory functioni in salmon (see

health risk), at which point site closure would be

Britannia Mine, OWHS 2017; additionally, see Sal-

achieved.2 For some measures, e.g., the groundwater

mon, OWHS 2020 for current population trends in

management system, operation and maintenance will

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound).

continue indefinitely.2

What is the current status?
Monitoring and reporting has continued around the

ally, an exceedance of the chroniciv and national safety

Britannia Mine site.3,4 Metal contaminants continue

levelsv for mercury was observed, but only during a

to be measured in porewater,ii including at three sites

single sampling event in 2017. Other sampling events

close to the groundwater management system (i.e.,

did not detect mercury.3,4

BB-2, BB-13 and BB-3), and two sites located further
from the point of release of groundwater (i.e., BB-1

The main contaminants of concern at the Britannia

and BB-6, considered near-field reference sites) (Fig-

Beach shoreline have been identified as copper and

ure 1).

zinc.4 Zinc concentrations at all sampling areas have
decreased from 2017 to 2018. However, four of the five

In 2017 and 2018, exceedances of B.C. water quality

locations exceeded zinc WQG. Copper concentrations

guidelines (WQG)iii, a level set to protect marine spe-

at all sampled areas appear to be generally the same as

cies, were observed for boron, cadmium, chromium,

in previous years with a few locations showing slight

copper, lead, manganese, nickel and zinc.3,4 Addition-

decreases (i.e., BB-2, BB-3 and BB-13). However, all

i)

Specifically, olfactory sensing, which is akin to smelling under water.

ii)

Porewater – water contained in pores in soil or rock.

iii)

B.C. water quality guidelines: boron (1.2 mg/L); cadmium (0.00012 mg/L); chromium (0.0015 mg/L); copper (maximum 0.003 mg/L; chronic 0.0002
mg/L); lead (maximum 0.14 mg/L; chronic 0.002 mg/L); manganese (chronic 0.1 mg/L); mercury (chronic 0.00002 mg/L); nickel (chronic 0.0083
mg/L); zinc (maximum 0.01 mg/L; chronic 0.055 mg/L).

iv)

Chronic – long-term exposure.

v)

B.C. water quality guidelines and Canadian Water Quality Interim recommendation for mercury (0.000016 mg/L) are to be revised as protection of
predatory fish is not certain.9
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Figure 1. Satellite map of the Britannia Mine area showing sampling areas (blue boxes), including near the groundwater management system
(BB-2, BB-13 and BB-3) and near-field reference areas (BB-1 and BB-6). Blue arrows show the direction of groundwater flow; red and white dots
indicate extraction wells that are part of the groundwater management system. Replicated from Golder report.4

locations remain in exceedance of WQG (Figure 2).

locations were dominated by a brown algae seaweed

Because the measured concentrations are higher than

species (i.e., Fucus gardneri). Another notable differ-

the guidelines, marine life may be negatively affected.

ence was the lower coverage of barnacles (Balanus
glandula) at locations near the groundwater manage-

Surveys of intertidal animals were also conducted at

ment system, excluding BB-13, compared to the near-

the three sites located near the groundwater manage-

field reference locations. In the case of site BB-13, the

ment system to monitor for effects from the above

location with the highest metal concentrations, the

metals (Figure 1). Based on data from 2003 to 2018,

coverage of barnacles and green algae had increased

the sampling location with the highest metal concen-

compared to recent years (i.e., since approximately

trations (i.e., BB-13) generally had the lowest number

2012/2013).4

vi

of motilevii invertebrates (e.g., crustaceans), a smaller
coverage of aquatic plants and fewer indicator inver-

Trends observed in motile invertebrates suggest a

tebrates (e.g., crab species [Hemigrapsus sp.]).

natural variability in the presence of these species, as
well as some evidence of recovery. For example, since

Additionally, the most common species at this location

2013, an increase in decapods (e.g., crab species) has

was green algae (Cladophora sp.), whereas the other

been observed at reference sites and locations near the

vi)

Intertidal animals – animals living in the zone that is periodically covered/uncovered by water due to tidal movement.

vii) Motile – capable of movement.
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Figure 2. Porewater concentrations of total and dissolved copper in milligrams per liter (mg/L) for sampling locations BB-1, BB-2, BB-3, BB-6
and BB-13, top to bottom, respectively. WQG – water quality guideline. mg/L = milligrams per litre. There are 1000 milligrams per litre.
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groundwater management system, except the location
with the highest metals concentrations (BB-13).4

Overall, metal concentrations measured in 2017 and
2018 were comparable to previous years. Results from
the location with the highest metal concentrations
provide evidence of marine effects, but there were also
signs of recovery. To support the understanding and
recovery of the site, monitoring and remediation are
ongoing.

The foreshore near Britannia Mine. (Credit: Bob Turner)

What are the potential impacts of
climate change on contamination
from Britannia Mine?
Pollutants from Britannia Mine have resulted in con-

tivity in marine species).6–8 The metal concentrations

taminated sediment.5 These sediments now act as a

at Britannia Mine sites are already higher than the B.C.

sink and storage for contaminants and can potentially

WQG for the protection of aquatic life. Increased tem-

be released back into the environment (e.g., bioturba-

peratures coupled with exposure to metals stored in

tion by benthic macroinvertebrates, sediment resus-

sediments has the potential to slow or even reverse

pension by human activities, and due to disturbance

ecosystem recovery.

during storm events). Additionally, there is evidence
that the routes of exposure, accumulation and toxic
effects from metals (e.g., mercury) can increase with
warmer sea temperatures and under more acidic conditions (i.e., climate change-induced pollutant sensi-
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What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

INDIVIDUAL AND ORGANIZATION ACTIONS

Reach out to the community with updates
on remediation in the Britannia Mine
area. The community needs information
about observed metal concentrations and
any risk of harm they pose to human and
marine life.

Publication of a previous Ocean Watch report supports this
action. All finalized reports for the Britannia Mine Remediation
Project are submitted to the Ministry of Environment and
Climate Change Strategies for review and approval. These
reports are publicly available through the B.C. Ministry of
Environment’s Land Remediation Website:
www2.gov.bc.ca/gov/content/environment/air-land-water/siteremediation/contaminated-sites/information-about-sites

Recycle all batteries.

The B.C.-wide provincial program supports this action, with
drop-off areas in Squamish/Sḵwx̱wú7mesh, West Vancouver and
Gibsons. Link below.
www.call2recycle.ca/british-columbia/

GOVERNMENT ACTIONS AND POLICY

Track the state of the ecosystem health
using a consistent ocean pollution indicator.
Identify a consistently occurring, abundant
biological indicator or bioindicator (i.e., an
organism that can be used to monitor the
state of pollution levels in the long term)
to track metal contamination.

The Golder reports include surveys of intertidal animals.

Increase public education campaigns
designed to educate citizens about the
impact of phosphates, chlorine and
pesticides, and how to minimize their
impact.

Federal government sites support individual actions and access
to additional resources. Links below.

Support local recycling and zero waste
initiatives.

The District of Squamish has developed a zero-waste strategy.
Additionally, guidance for recycling items in B.C. is available
from the Recycling Council of B.C. Links below.

www.canada.ca/en/environment-climate-change/services/
pollution-prevention/home.html
https://pollution-waste.canada.ca/pollution-preventionresources/Home/SearchIndividuals?lang=en

https://squamish.ca/our-services/garbage-and-wastediversion/zerowaste/
www.rcbc.ca/recyclepedia/search
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below. Additional actions marked as NEW also follow.

Individual and Organization Actions:
• Sources of metals in wastewater are not all industrial. Be aware that what goes down your household drain
or into the street gutter almost always ends up the ocean. Water treatment facilities can remove many
contaminants, but plenty of dangerous chemicals that go down your drain will still end up in rivers, lakes,
and oceans. Phosphates from detergents, chlorine from bleach, and the toxins in pesticides will all wreak
havoc on fragile ecosystems once they leave your local sewage treatment plant.
• Do not put paint, solvents, pesticides or other chemicals down your drain.
• Help reduce the environmental impacts of mining by:
• Reducing your consumption of minerals; reducing consumption of consumer goods in general.
• Taking transit rather than buying a new car.
• Using recycled materials instead of mined materials and recycling all your metals (e.g., tin cans).

Government Actions and Policy:
• Increase support of research focuses to assess levels of metal contamination in waterways.
• Protect salmon stocks against the negative health effects of copper to the salmon’s olfactory system similar
to that established in Washington State (http://www.seadocsociety.org/scientists-who-showed-how-copperdamages-salmons-sense-of-smell-receive-prestigious-award/), which will benefit salmon recovery by
reducing the amount of toxic metals entering the Salish Sea by hundreds of thousands of pounds each year.
• Legislate against the use of phosphates in household products.
• NEW Fund studies examining relationships between contaminant concentrations and temperature.
• NEW Potential for increased sensitivity of species to contaminants at higher temperatures will need to be
considered in water quality guidelines.
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Methods
Data was summarized from the Golder reports.3,4

Metal data from Golder4 along with data from previous

Briefly, data from these reports were collected from

reports, dating back as far as 2005, were compiled to

the intertidal zone using sampling and survey meth-

determine trends. As the most recent reports have re-

ods. Porewater samples to measure metal concentra-

ported on metal concentrations from porewater sam-

tions were collected and submitted to an accredited

ples, only these data were analyzed. Comparisons with

laboratory for analysis. Data for intertidal species

graphs from the previous Britannia Mine article are

surveys were collected using visual observations dur-

not possible because surface and bottom water con-

ing low tide at water sampling locations. Species were

centrations were reported.

identified and coverage recorded, or presence noted.
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Pulp Mill:
marine effluent
AUTHOR
Jennifer Chapman, Research
Assistant, Ocean Watch, Ocean Wise
Research Institute

REVIEWER
Siew Sim, Howe Sound Pulp and Paper Ltd.

What is happening?
The Howe Sound Pulp and Paper Corporation (HSPP) was established in
1908. Located near Port Mellon, directly opposite the Woolridge Island
Rockfish Conservation Area, today it is the only operational pulp mill in the
Sound. Currently, the mill only produces kraft pulpi. The bleaching process
used to create pulp produces harmful by-products called dioxins and furans.
These contaminants enter Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound’s marine
environment via the mill’s effluentii (see Pulp Mill Effluent, Ocean Watch
Howe Sound Edition [OWHS] 2017). The focus of this article is marine effluent; no examination of air pollution is included.

Howe Sound Pulp and Paper Mill. (Credit: HSPP)

i)

Kraft pulp – an intermediate product in the production of paper.

ii)

Effluent – liquid waste released back into natural water bodies.
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Over the years, HSPP has undergone various produc-

proved the bleaching process and further reduced the

tion changes to reduce the amount of dioxins and fur-

amount of chlorine dioxide used.

ans produced. In 1991, primary and secondary effluent
treatment systems were installed. A significant reduc-

HSPP also administers an environmental monitoring

tion in effluent emissions followed. Further reductions

program, which seeks to identify the impact of the

in the generation of dioxin and furans was achieved by

mill’s emissions on the receiving environment (Figure

the conversion from elemental chlorine to chlorine di-

1). The Environmental Effects Monitoring program

oxide in the pulp bleaching process.1 Chlorine dioxide

runs in three-year cycles, ever since the first cycle of

helps to prevent the formation of dioxins and furans.1

testing started (1993–1996).1 Monitoring is carried

Additionally, a project running from 2016–2017 im-

out in accordance with the evolving federal Pulp and
Paper Effluent Regulation.2

What is the current status?
The most recent HSPP monitoring program (Cycle 8)
ran from April 2016 to April 2019. Cycle 8 reported on
the toxicity of the effluent discharged from HSPP and
monitored the marine area around the effluent release
point.

Toxicity of mill effluent
Daily continuous monitoring of mill effluent involves
measuring standard effluent characteristics (e.g.,
pHiii) as well as dioxin and furaniv concentrations once
a year. During the 2007–2018 period, dioxins and furans were not detected. However, adsorbablev organic halides, a parameter that measures certain atoms
(specifically chlorine atoms, which are associated with

Dungeness crab. (Credit: Bob Turner)

dioxins and furans) have been.

iii)

pH – measure of acidity and alkalinity.

iv)

Dioxins and furans – contaminants released as unintentional by-products of the pulp and paper bleaching process.

v)

Adsorb – the adhesion of a molecule on the outside surface of a material, such as sediment.
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Figure 1. The location of Howe Sound Pulp and Paper Corporation and 2016–2019 environmental
sampling points within Átl’ḵa7tsem/
3
Txwnéwu7ts/Howe Sound.
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The survival of rainbow trout (Oncorhynchus mykiss)

era) reproduction and/or growth was measured. The

and Daphnia magnavi in effluent is measured on a

effects zones (i.e., the estimated distance from the

monthly and weekly basis, respectively. Since 2016,

effluent release point where negative effects on 25%

federal Pulp and Paper Effluent Regulations have been

of the population are predicted) were 109 m for sea

met 100% of the time for rainbow trout, and between

urchin reproduction, 29 m for giant kelp reproduction

98–100% of the time for Daphnia. This is an improve-

and 31 m for giant kelp growth. Urchin results from

ment on previous years.

earlier testing cycles show that the effects zone has
been decreasing over time (244 m, 162 m and now 109

The effect of effluent on purple sea urchins (Strongylo-

m), indicating an improvement (i.e., the size of the

centrouts purpuratus) and giant kelp (Macrocystis pyrif-

area where detrimental effects are seen is decreasing).

Field monitoring for contaminants
Monitoring of dioxins and furans in Dungeness crabs

area 28-1) or 130 g/week (crabs caught in area 28-2

(Cancer magister), sediment and benthic invertebrates

and in 28-1) of crab hepatopancreas.5 These restric-

was undertaken in Cycle 8. Contaminant concentra-

tions can change without warning; thus, it is import-

tions were reported as toxic equivalencies (TEQ) .

ant to always confirm the status of any species be-

Similar to recent previous cycles, samples were col-

fore fishing. See Resources for further information on

lected once in the three-year cycle.

sub-area restrictions for crab fishing.

vii

1

Crab hepatopancreasviii (also known as tomalley or

Concentrations of dioxins and furans were measured

crab “fat”) was analyzed for dioxins and furans, and

from four replicate sediment samples, which were

compared with Health Canada guidelines for hu-

combined to make one sample for analysis, taken

man consumption (24.4 pg/g) . The TEQ values in

from a single sampling site very near to the effluent

hepatopancreas were below this threshold (Figure 2,

discharge point. The resulting TEQ value was the low-

top). Recreational fishing for crabs is now open in

est observed throughout the entire monitoring pro-

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. However, re-

gram (Figure 2, bottom).

ix 1

4

strictions apply around the mill area and the mouth
of the Sound because dioxins and furans are still

Benthic invertebratesx and the quality of the sediment

present at measurable concentrations. The current

they live in was examined in this cycle (benthic stud-

recommendation is to avoid consuming more than 55

ies are not conducted in every cycle). Samples were

g/week (crabs caught in area 28-3 and in portions of

collected at locations along a gradient, from near the

vi)

Daphnia magna – an aquatic invertebrate.

vii) TEQ – there are several different dioxins and furans but not all are equally toxic. Each is multiplied by a toxic equivalency factor (TEF) to make it
comparable to the most toxic dioxin contaminant. These values are then presented as toxic equivalents (TEQs).
viii) Hepatopancreas – the digestive tissue in crabs that combines the digestive function of the vertebrate liver and pancreas.
ix)

24.4 pg/g – this measurement is relative to the specific contaminant 2,3,7,8-TCDD; pg/g is picograms per gram, equivalent to parts per trillion.

x)

Benthic invertebrates – species that lack a backbone (e.g., molluscs, insects, worms) living at or in the sediment surface.
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TEQ in dungeness crab
hepatopancreas (pg/g wet weight)

TOXIC EQUIVALENCIES (TEQ) MEASURED
IN DUNGENESS CRAB AND MARINE SEDIMENTS
600
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Figure 2. (Top) Dioxin and furan concentrations, presented as TEQ values wet weight , in crab hepatopancreas (orange circles) sampled in
Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, compared to the Health Canada TEQ consumption guideline of 24.4 pg/g (dashed yellow line). (Bottom)
Dioxin and furan concentrations, presented as TEQ values dry weight, in sediment samples(blue circles) in Átl’ḵa7tsem/Txwnéwu7ts/Howe
Sound. Note, for both crab and sediment, the number of sampling sites declined over time because of the decreasing contaminant concentrations
observed. Concentrations measure in wet weight (crab hepatopancreas) are not comparable to those measured in dry weight (sediment).

i)

Wet weight – weight measured including the water content.
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effluent release point, progressively moving further

inants, directly resulting from the mill process, are no

away, to a distance of 20 km. Generally, there was no

longer detected at most sites. Of 12 monitoring sites,

significant evidence of differences in benthic inverte-

only one site near the effluent outfall had a concentra-

brate community structure (i.e., the diversity or abun-

tion high enough to be detected.

dance of species present) with increasing distance
from the effluent outfall.

Compared to previous monitoring cycles, improvements are evident; however, ongoing monitoring is

The properties of the sediment samples differed. Lo-

necessary to continue to track changes in the environ-

cations within 4.4 km of the effluent outfall contained

ment as a result of contamination from mill effluent

more organic content and less dissolved oxygen. How-

release.

ever, concentrations of chlorinated phenolic contam-

What are the potential impacts of
climate change on dioxins and furans?
Key impacts of climate change include warmer waters

and intensity of storm events could resuspend dioxins

and an increase in frequency and intensity of storm

and furans that have adsorbed in sediments, making

events. Warmer waters will result in increased stress

them available to be taken up by organisms again. Po-

on some marine organisms as they try to adapt to

tential implications, besides negative health impacts,

changing conditions, which may increase their sensi-

include fishery closures to protect human health.

tivity to contaminants.6,7 Increases in the frequency

What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

GOVERNMENT ACTIONS AND POLICY

Continue with the implementation of source controls
and regulations to hamper dioxin and furan pollution
from pulp mills in the coastal marine environment of
Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound.

Environmental Effects Monitoring program is
currently running Cycle 9.
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below. Additional actions marked as NEW also follow.

Individual and Organization Actions:
• Avoid the incineration of organic matter and plastics to prevent the release of dioxins into the air and coastal
environment.
• Use and apply “green” or homemade pesticides and organic fertilizers in gardens and agricultural fields to
avoid toxic run off (e.g., salmon friendly lawn and/or orca friendly lawn: non-toxic pesticides, non-toxic
herbicides, non-toxic fertilizers).

Government Actions and Policy:
• Help to guide and design creative solution-oriented practices to reduce the levels of dioxins and furans in
Dungeness crabs which still exhibit concentrations of dioxin/furans of concern for public health.
• Promote and sponsor national programs and solutions for marine pollution to protect ocean life from human
made chemicals with research, continued education and engagement, and advocacy to succeed with actions.
• Regulate and control the usage of pesticides containing potential traces of dioxins and furans as impurities to
avoid the accidental release of these by-products into the coastal marine environment.
• Address the appropriate disposal of old tanks and bins and any material containing dioxin-contaminated
fluids and/or oil from former military facilities, old refineries, junk yards and harbours.
• NEW Educate fishers and/or fish consumers about the potential health implications of consuming crab or
other foods contaminated with PCDD/Fs so they can make informed choices.
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Methods
Detailed methods for the summarized studies can be found in Hatfield (2019).1

Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.

Sub-area restrictions for recreational fishing:
http://www.pac.dfo-mpo.gc.ca/fm-gp/rec/tidalmaree/a-s28-eng.html

References
Hatfield Consultants. Howe Sound Pulp and Paper Environmental Effects
Monitoring (EEM) Program: Cycle Eight Interpretive Report. (2019).

1

2 Government of Canada. Pulp and Paper Effluent Regulations.
SOR/92-269. https://laws-lois.justice.gc.ca/eng/regulations/SOR-92269/.
3 Beaty, F., van Riet, W., Wareham, B. & Schultz, J. Howe Sound/
Atl’ka7tsem Map. (2019).

Fisheries and Oceans Canada (DFO). Recreational Fishing, Tidal Area
Regulations, Area 28 (Howe Sound). http://www.pac.dfo-mpo.gc.ca/
fm-gp/rec/tidal-maree/a-s28-eng.html#cr-rest.
4

5 Fisheries and Oceans Canada (DFO). Area 28. Vancouver, Bowen
Island, Indian Arm, Squamish. (Click “crab” tab at top). http://www.
pac.dfo-mpo.gc.ca/fm-gp/rec/tidal-maree/a-s28-eng.html.

Holmstrup, M. et al. Interactions between effects of environmental
chemicals and natural stressors: A review. Sci. Total Environ. 408,
3746–3762 (2010).

6

Sokolova, I. M. & Lannig, G. Interactive effects of metal pollution
and temperature on metabolism in aquatic ectotherms: Implications
of global climate change. Clim. Res. 37, 181–201 (2008).

7
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Wrecked, Abandoned and
Problem Vessels
AUTHORS
Ian Winn, Director, Atl’ka7tsem/Howe
Sound Biosphere Region Initiative

What is happening?

Aroha Miller, Manager, Ocean Watch,
Ocean Wise Research Institute

Wrecked, abandoned and problem vessels (for definitions see Glossary) con-

REVIEWERS

tinue to be an issue in the waters and shorelines of Átl’ḵa7tsem/Txwnéwu7ts/

Kate-Louise Stamford, Islands
Trust Trustee

Howe Sound. Every winter, storms leave wrecked boats on shorelines and

Lucie McKiernan, Constituency Assistant
to MP Pamela Goldsmith-Jones

submerged in the waters around Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. In
addition, debris from boats and other structures (e.g., docks) create environmental issues due to pollution and habitat destruction, and/or navigational
hazards.

Wrecked vessel off the north west side of Chá7elkwnech/Gambier Island, 2019. (Credit: Ian Winn)
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What is the current status?
Since 2016, considerable efforts have been made to

communities, who now have at least some options to

address problem vessels. Of particular note was the

address vessels of concern as they arise. Along with

passage on February 28, 2019, of the Government of

improvements to vessel owner identification and cre-

Canada’s Bill C-64, the Wrecked, Abandoned or Hazard-

ating an inventory of problem vessels and assessing

ous Vessels Act, which came into effect on July 31, 2019.

their risks, communities are now able to establish a

Bill C-64 increases owner responsibility and liability

polluter pays approach for vessel cleanup.

1

for vessels, addresses irresponsible vessel management, and enables the Government of Canada to re-

However, existing problems may not fall under the

move problem vessels. Not complying with the Act can

new regulations (for example, prohibitive up-front

result in penalties of up to $50,000 for individuals and

costs for dealing with a vessel; a 25% funding require-

$250,000 for companies or corporations, while regu-

ment from local governments or community organ-

latory offence prosecution could result in a maximum

izations that may be prohibitive for small commun-

fine of $1 million for individuals and $6 million for

ities; abandoned or derelict vessels on land not being

companies or corporations. This Bill puts the respons-

included). In many cases, all identification markings

ibility and liability for abandoned vessels back on ves-

have been removed from the vessel and ownership is

sel owners.

unable to be determined.

The Bill has been long awaited and is enthusiastically

Quite often the problem can quickly evolve from an

received by Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound

abandoned, wrecked or problem vessel issue, where

Sailboat washed ashore at Schen̓ḵ/Grantham’s Landing, Fall 2015. This vessel threatened the waterfront properties and involved huge community
effort and expense to correctly dispose of. (Credit: Ian Winn)
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authorization for removal may lie with Transport

programs for the assessment and removal of wrecked

Canada’s Receiver of Wrecks (responsibility for ac-

vessels; however, at the date of writing (mid-Octo-

tual removal may lie elsewhere – see Problem Vessels,

ber 2019), Sḵwx̱wú7mesh/Squamish had not received

Ocean Watch Howe Sound Edition [OWHS] 2017), to

any funds.

a waste management issue, with responsibility lying
with local and provincial governments. This is an ex-

Since April 2019, Marine Reference Guide (MRG)

ample of how complex the situation is when First Na-

staff have been working to identify and inventory

tions, federal, provincial, and/or municipal laws are

abandoned vessels and debris along the coastline

applied depending on where in the coastal environ-

of Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound.5 Because

ment a vessel or debris is located.2

problem vessels and debris are ever-changing, it is
difficult to quantify precisely the number of aban-

In the spring of 2019, Sheila Malcolmson, MLA for

doned or wrecked vessels in the Sound. However, as of

Nanaimo, was appointed as special advisor on mar-

mid November 2019, approximately 25 vessels (ran-

ine debris protection to the Minister of Environment

ging from a steel barge to a boat house) and a much

and Climate Change.3 MLA Malcolmson’s engagement

greater number of large debris (more than 300), such

mandate over the summer of 2019 took her to coast-

as creosote pilings, rope and Styrofoam, etc., had been

al communities to discuss provincial support mech-

identified.

anisms around marine debris and the consideration
of end-use infrastructure ideas (i.e., fibre-glass re-

Removal of abandoned or wrecked vessels must be

processing, plastics reprocessing).4 Increased col-

undertaken in an environmentally conscious man-

laboration between all levels of government, along

ner to deal with the often-hazardous materials on

with non-profit groups and individual vessel owners,

board (e.g., fuel, diesel, sewage), making it extremely

needs to continue, to solve the issues around problem

costly. The Dead Boat Disposal Society is a non-prof-

vessels. Her report and recommendations will be pre-

it organization working to clean up problem vessels

sented at the end of 2019.

from B.C. waters, including Átl’ḵa7tsem/Txwnéwu7ts/
Howe Sound.6 The process to inventory and assess the

Thus, the Government of Canada also moved forward

severity of each wreck is only the first step required.

with other programs within the Oceans Protection

Subsequent disposal is the most time-consuming and

Plan to provide funding for assessment and removal

costly step, and is dependent on various factors, for

of existing problem vessels where the owner cannot

example, size and type of vessel; the presence and

be identified. Within the Átl’ḵa7tsem/Txwnéwu7ts/

type of hazardous materials; whether the vessel is

Howe Sound region, Caulfeild in West Vancouver re-

submerged and at what depth.

ceived $10,000 in May 2018 for the removal of one
vessel, and in February 2019, Nex̱wlélex̱wem/Bowen
Island Municipality received $11,330 for the removal of two vessels. The local government of Sḵwx̱wú-

7mesh/Squamish applied for funding under these new
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Derelict vessel washed ashore near Ḵ’iḵ’élx̱n/Port Mellon, Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, 2019. (Credit: Ian Winn)

What are the potential impacts of
climate change on problem vessels?
Over the last few years, climate change has resulted

such as Schen̓ḵ,/Grantham’s Landing and Lions Bay,

in increased intensity and frequency of storms. When

experienced severe damage to community docks and

combined with king tides and sea level rise, the re-

shorelines.7 In addition to various-sized vessels set

sult is damage and destruction of dock structures, and

adrift, other debris, such as pressure-treated lumber

an increase in the number of vessels sunk or washed

and polystyrene, presented hazards to navigation and

ashore and abandoned. In the winter of 2019, many

washed up on the shores of Átl’ḵa7tsem/Txwnéwu7ts/

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound communities,

Howe Sound.
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What has been done since 2017?
The table below reports on progress made on recommended actions from the previous 2017 article, where identified.
Many of these require ongoing action.

2017 ACTION

ACTION TAKEN

INDIVIDUAL AND ORGANIZATION ACTIONS

A group of citizens and government representatives
could assemble to collectively share data and develop
integrated solutions to reduce ecological, social
and economic impacts associated with wrecked,
abandoned and problem vessels in Átl’ḵa7tsem/
Txwnéwu7ts/Howe Sound.

Since April 2019, the MRG has been working on
identifying and inventorying problem vessels and
debris throughout Átl’ḵa7tsem/Txwnéwu7ts/Howe
Sound. You can view the inventory at www.google.
com/maps/d/viewer?hl=en&mid=10PK3Rz2FdceZm8d
BDUtmIvCkFjG5U-wd&ll=49.563475717914244%2C123.39813229876165&z=9.

GOVERNMENT ACTIONS AND POLICY

Implement owner pay policies.

The introduction of Bill C-64 on July 31, 2019,
increases owner responsibility and liability for
vessels, and puts the responsibility and liability for
abandoned vessels back on vessel owners.

Rusty, submerged vessel near Watts Point, Murrin Provincial Park, 2019. (Credit: Fiona Beaty)
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). In some cases, no progress was identified on previous recommended actions; these
remain listed below. Additional actions marked as NEW also follow.

Individual and Organization Actions:
• Avoid the incineration of organic matter and plastics to prevent the release of dioxins into the air and coastal
environment.
• NEW If you see a potentially abandoned, wrecked or problem vessel, photograph it and take note of as many
of the following details as you can: the vessel name; boat registration; who the owner may be; contact details
for the owner; the date you spotted the vessel/how long it has been there; information on what it contains
and what it is made from; type of vessel (e.g., dinghy, sailboat). Report these findings to howesoundguide@
gmail.com.
• NEW Send tips, solutions or success stories to marinespecialadvisor@gov.bc.ca.

Government Actions and Policy:
• Keep vessel inventories.
• Enforce local and municipal bylaws with respect to live-aboards.
• Develop educational material to increase awareness of environmental risks associated with problem vessels.
• Develop policies to close the gaps in jurisdiction over problem vessels.
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Methods
Information provided through the Office of Pamela

ciety; and Fiona Beaty, Project Director of the Marine

Goldsmith-Jones, MP, Sunshine Coast – Sea to Sky

Reference Guide.

Country; via John Roe of the Dead Boats Disposal So-

References
Transport Canada. Government of Canada marks the passage of Bill
C-64: the Wrecked, Abandoned or Hazardous Vessels Act to address vessel
abandonment and ensure owner accountability. 2019.

1

West Coast Environmental Law Association. Infographic:
Jurisdiction in Coastal B.C. 2016.
2

5 Howe Sound CleanUp Data. Work conducted by Marine Reference
Guide staff (https://howesoundguide.ca/). 2019.

Woodrooffe S. Dead Boat Disposal Society pitches SCRD. Coast
Reporter. 2019;

6

3

Simons R. Ocean Watch: Atl’ḵa7tsem/Howe Sound workshop. In:
Winter storms 2018/2019. Vancouver Aquarim; 2019.

4 Coast Reporter. Special advisor on abandoned vessels to visit Coast.
2019;

Telephone interview with John Roe, Dead Boats Disposal Society

ChekNews. Premier Horgan appoints Nanaimo MLA Sheila
Malcolmson as special advisor on marine debris protection. 2019;

7

ADDITIONAL INFORMATION
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PollutionTracker: monitoring
contaminants in Átl’ḵa7tsem/
Txwnéwu7ts/Howe Sound
AUTHOR
Kelsey Delisle, PollutionTracker Coordinator,
Ocean Pollution Research Program

REVIEWER
Cecilia Wong, Senior Ecosystem Scientist,
Environment Climate Change Canada

What is happening?
PollutionTracker (pollutiontracker.org) is a monitoring program launched by
Ocean Wise Conservation Association in 2015 to measure and document levels and trends of contaminantsi in mussels (Mytilus species) and nearshore
subtidalii sediment collected along the coast of B.C., including in Átl’ḵa7tsem/

Txwnéwu7ts/Howe Sound.

Mussels, Mytilus species, in an intertidal shore. (Credit: Aroha Miller)

i)

Contaminants – the presence of a substance where it should not be or at concentrations
above background levels.

ii)

Subtidal – the portion of a tidal flat environment that lies below the mean low water for
spring tides. Typically always covered by water.
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Mussels are useful for monitoring because they are

biphenyls (PCBs), flame retardants, pesticides and

immobile, exposed to all of the contaminants present

perfluorinated compounds (PFCs). Contaminants have

in the surrounding water, and do not tend to metabol-

the potential to adversely affect the health of marine

ize contaminants. Bottom sediments are widely used

organisms, and have been found in samples coast-

to evaluate contaminants in aquatic environments

wide, particularly in industrialized areas. Many of

because they can store and subsequently release con-

these contaminants were detected at three sampling

taminants to surrounding food webs.

sites in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound (Figure
2), reflecting both global and local inputs from his-

The PollutionTracker team tests for over 500 contam-

torical and current industrial activities in the Sound.

inants (Figure 1) including metals, polychlorinated

PollutionTracker tiered approach
TIER 1

310
contaminants

TIER 2

388
contaminants

TIER 3

547

contaminants

310 contaminants including:

Metals
Microplastics
Polybrominated diethylethers (PBDEs)
Polychlorinated biphenyls (PCBs)
Polycyclic aromatic hydrocarbons (PAHs)

+ 78 = 388 total contaminants including:
Alkylphenols
Dioxins & furans
Legacy pesticides
Perfluorinated compounds (PFCs)

+ 159 = 547 total contaminants including:
Current-use pesticides
Hexabromocyclododecane (HBCD)
Organotins
Pharmaceuticals & personal care products (PPCPs)
Tetrabromobisphenol A (TBBPA)

Figure 1. The PollutionTracker tiered approach to sample analysis. High-resolution contaminant analysis is costly; therefore,
different options for analyses are available to reflect current and historical anthropogenic activities in the region.
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Why is it important?
into

Átl’ḵa7tsem/Txwnéwu7ts/Howe

A multitude of contaminants are released or deposit-

contaminants

ed into the marine environment from anthropogen-

Sound (see Pulp Mill Effluent, OWHS 2017). The most

ic (human) activities. Contaminants may be of local

notable contaminants released were dioxins and fur-

or global origin because chemical contaminants can

ans, produced as unintentional by-products of the

be transported long distances by oceanic and atmos-

pulp and paper bleaching process. Dioxins and fur-

pheric currents. Monitoring helps to identify priority

ans are persistent in the marine environment and are

pollutants of concern and locate potential sources,

toxic to marine organisms and humans. High dioxin/

thereby facilitating changes to regulations and best

furan levels led to the closure of fisheries in most of

practices to protect ecosystems.

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound in the 1980s.3
Effluent regulations in the late 1980s/early 1990s and

Pollution threatens the health of the marine environ-

changes to the mill process in the mid-1980s dramat-

ment and connected wildlife and human commun-

ically reduced dioxin/furan inputs to Átl’ḵa7tsem/Tx-

ities. Some chemicals, such as PCBs, accumulate in

wnéwu7ts/Howe Sound, resulting in decreased con-

the food chain and are known to cause development-

tamination in fish and shellfish. However, advisories

al, immunological and reproductive impairment in

for crab consumption in Átl’ḵa7tsem/Txwnéwu7ts/

animals. The potential effects of many newer con-

Howe Sound are still in place.4 Additionally, all of

taminants, such as pharmaceuticals and personal care

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound is currently

products, are largely unknown.

closed to shellfish harvesting due to marine biotoxins

1

2

and/or sanitary closures.5,6
Current sources of marine pollution continue to persist in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, such as

Between 1898 and 1974, over 40 million tonnes of

vessel-related spills and releases from problem vessels,

tailings were generated by the Britannia Mine and de-

waste water effluent, storm water inputs, and others.

posited onto the marine subtidal slope near Britan-

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound

nia Beach. Four to 40 million litres of metal-laden

has a history of marine pollution particularly associated

waters (acid mine drainage) were discharged into

with pulp and paper mills (Woodfibre and Port Mellon,

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound daily, de-

(see Pulp Mill Effluent, Ocean Watch Átl’ḵa7tsem/Tx-

pending on the time of year.7,8 Acid mine drainage

wnéwu7ts/Howe Sound Edition [OWHS] 2020) and min-

from the site included metal contaminants such as

ing (Britannia Beach copper mine, [see Britannia Mine,

cadmium, copper, aluminum, iron, zinc and man-

OWHS 2020]). While the mine and Woodfibre mill are

ganese. Many of these metals can result in negative

now closed, the Port Mellon mill continues to operate.

impacts to marine life. Since closure, ongoing remedi-

Additionally,

ation efforts have significantly improved the creeks
Over the past hundred years, effluent from the two

and nearshore environment in the area.

pulp mills has resulted in the discharge of chemical
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What is the current status?
Átl’ḵa7tsem/Tx-

able for mussel tissue; however, concentrations of

wnéwu7ts/Howe Sound, dioxins, furans and metals

metals were measured in mussel samples, providing

are the primary contaminants of concern. Inputs of

evidence of bioaccumulationiv in this species and the

these contaminants have decreased in recent years due

potential for toxic effects in mussels and species that

to pulp mill and mine closures, changes to mill oper-

feed on mussels (Figure 4).

Given

the

industrial

history

of

ations and remediation; however, monitoring remains
relevant today to confirm continued improvement in

Dioxin/furan values are presented as toxicity equiva-

the health of the Sound. As part of PollutionTracker,

lents (TEQs)v. In mussels, the dioxin/furan TEQ value

other contaminants are also measured in Átl’ḵa7tsem/

at Ḵ’itl’álsm/Eagle Harbour (4.26 ng TEQmamm/kg wet

Txwnéwu7ts/Howe Sound to monitor trends and

weight; Figure 5, top) was above the tissue residue

identify potential new contaminants of concern.

guideline protective of mammalian wildlife (0.71 ng
TEQmamm/kg) and was second highest among mussels

Átl’ḵa7tsem/Txwnéwu7ts/

collected coast-wide. In sediment, the dioxin/furan

Howe Sound are comparable to other sites along the

TEQ value at Ḵw’émḵw’em/Defence Islands (1.244

B.C. coast (see pollutiontracker.org); however, con-

ng TEQfish/kg dry weight; Figure 5, bottom) was above

centrations of total dioxins/furans and some metals

the federal interim sediment quality guideline (ISQG)vi

are elevated at some Átl’ḵa7tsem/Txwnéwu7ts/Howe

protective of fish (0.85 ng TEQfish/kg). Continued

Sound sites relative to federal and provincial environ-

monitoring is critical to understanding the poten-

mental quality guidelines.

tial effects of current and future industrial activities

Contaminant

levels

in

on the marine environment, as well as the potential
Canadian and B.C. sediment quality guidelines are

emergence of new contaminants of concern. Historic-

available for arsenic, cadmium, chromium, copper,

al contaminants buried in marine sediments may also

lead, mercury, zinc and dioxin/furans .

Metal con-

be redistributed in the environment through physical

centrations in sediment collected for PollutionTracker

disturbances (e.g., storms, boats, dredging activities).

iii 9,10

were below these guidelines, with the exception of
arsenic, copper and mercury at Ḵ’itl’álsm/Eagle Harbour, and copper at Kw’émḵw’em/Defence Islands
(Figure 3). Guidelines for these metals are not avail-

iii)

Arsenic: 7.23 mg/kg dw, cadmium: 0.7 mg/kg, chromium: 52.3 mg/kg, copper: 18.7, lead: 30.2, mercury: 0.13, zinc: 124 mg/kg, dioxins/furans: 0.85
ng TEQ /kg dw for sediment, 0.71 ng TEQ /kg ww for mammalian wildlife consumers, 4.75 ng TEQ /kg ww for avian consumers.

iv)

Bioaccumulation – the accumulation of chemicals in an organism at a rate faster than which the chemical can be excreted.

v)

There are several different dioxins and furans but not all are equally toxic. Each is multiplied by a toxic equivalency factor (TEF) to make it
comparable to the most toxic dioxin compound (2,3,7,8-TCDD). These values are then presented as toxic equivalents (TEQs). TEQmamm and TEQfish
refer to the toxicity levels of mammals and fish respectively.

vi)

ISQG – The concentration below which adverse biological effects are expected to occur rarely.
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METAL CONCENTRATIONS IN SEDIMENT IN
ÁTL’KA7 TSEM / TXWNÉWU7 TS / HOWE SOUND
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15
10

Metal concentrations in sediment (mg/kg dry weight)

40
30

0.1
Defence
Islands

Popham
Island

Eagle
Harbour

Chromium
Guideline = 52.3

0.0

Popham
Island

Eagle
Harbour

Copper

60
40

10

20
Defence
Islands

Defence
Islands

80

20
0

Cadmium
Guideline = 0.7

0.2

Guideline = 7.24

5
0

0.3

Popham
Island

25
Guideline = 30.2
20
15
10
5
0
Defence Popham
Islands
Island
100
Guideline = 124
80
60
40
20
0
Defence Popham
Islands
Island

Eagle
Harbour

Lead

0

Guideline = 18.7

Defence
Islands

Popham
Island

Eagle
Harbour

Mercury

0.2
0.15
0.1 Guideline = 0.13
0.05

Eagle
Harbour

0

Defence
Islands

Popham
Island

Eagle
Harbour

Location

Zinc

Sediment quality guidelines
Metal concentration
Guideline has been exceeded

Eagle
Harbour

Location
Figure 3. Metal concentrations in sediment in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. Guidelines are not shown for cadmium. chromium, lead or
zinc because the detected concentrations were well below the guideline concentrations.
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METAL CONCENTRATIONS IN MUSSELS IN
ÁTL’KA7 TSEM / TXWNÉWU7 TS / HOWE SOUND
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Figure 4. Metal concentrations in mussels in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. Mussels were not collected from Ḵw’émḵw’em/Defence
Islands. Guidelines for these metals are not available for mussel tissue.
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TOXIC EQUIVALENCIES (TEQ) MEASURED
IN MUSSELS AND MARINE SEDIMENTS
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Figure 5. Dioxins/furans in mussel (top) and sediment (bottom) in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound. Dioxins/furans were not analyzed in
sediment from Ḵ’itl’álsm/Eagle Harbour.
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What are the potential impacts
of climate change on marine
contamination?
Ocean warming and ocean acidification may lead to

Climate change-associated reductions in the size or

increased sensitivity of marine organisms to con-

condition/health of fish and marine mammals may

taminants in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound.

increase concentrations of bioaccumulative chemicals

Increased temperatures may modify the chemistry of

in their remaining fatty tissues. As temperature in-

contaminants and therefore alter their toxicity , and

creases, food consumption rates and respiration rates

change their potential to remobilize from the ocean,

will also increase in fish, possibly leading to increased

freshwater, sediments and land. With these poten-

tissue contaminant concentration due to increased

tial changes the transport, persistence, exposure and

exposure. Primary production will also be affected

bioaccumulation rates in marine food webs may also

by climate change, whereby the amount of persis-

be affected.

tent organic pollutants absorbed by phytoplankton

11

12

and subsequently amplified through the food web
may change.12
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). This is a new article for 2020. As such, there were no previous actions.

Individual and Organization Actions:
• Learn more about contaminants in the marine environment using the resources listed below.
• Reduce or eliminate toxic chemicals around the house and garden (for example, bleach, drain cleaner,
ammonia, fertilizer containing nitrates, herbicides, pesticides, insecticides).
• Recycle and dispose of waste responsibly (City of Vancouver: https://vancouver.ca/home-propertydevelopment/recycling-and-disposal-facilities.aspx; District of Squamish https://squamish.ca/our-services/
garbage-and-waste-diversion/).
• Follow fish consumption advisories from Health Canada (for example, mercury).
• Get involved! PollutionTracker is dependent on partner funding and involvement. If your community or
organization is interested in becoming involved, please contact us at oceanpollution@ocean.org.

Government Actions and Policy:
• Invest in monitoring and research to better understand the risks posed by marine contaminants.
• Develop regulations for new contaminants of concern to prohibit and control their production, use, and
disposal.
• Share data and publish science to inform consumer decisions and responsible business planning.

Methods
Phase one of the project has concluded (2015–2017).

Ḵ’itl’álsm/Eagle Harbour (Figure 2). This article draws

Data were compiled and analyzed, and results were

on data from Phase 1 only.

uploaded for public access (pollutiontracker.org).
During Phase 1, sediment and mussels were sam-

Mussels (Mytilus sp.) and nearshore, subtidal surface

pled at three sites in Átl’ḵa7tsem/Txwnéwu7ts/Howe

sediment were collected in collaboration with govern-

Sound – one near Ḵw’émḵw’em/Defence Islands; and

ment agencies, port authorities, industry, commun-

two sites near the mouth of Átl’ḵa7tsem/Txwnéwu7ts/

ity groups and First Nations. Samples were submitted

Howe Sound – Skwákwtsa7s/Popham Island, and

to specialized laboratories for contaminant analyses.

Pollution Tracker | Page 288

OCEAN WATCH | Átl’ḵa7tsem / Txwnéwu7ts / Howe Sound 2020

CLEAN WATER

Samples were analyzed for over 450 contaminants,

Web of Science and Research Gate were used to obtain

including hydrocarbons, flame retardants, pesticides,

literature on climate change – contaminant inter-

pharmaceuticals and personal care products, and

actions using the key word search string: contaminant

microplastics.

AND climate change.

Resources
This list is not intended to be exhaustive. Omission of a resource does not preclude it from having value.

Canadian Council of Ministers of the Environment
http://www.ccme.ca/en/resources/canadian_
environmental_quality_guidelines/

Pacific Region Contaminant Atlas (including
resources for children)
https://pacifictoxics.ca/

Health Canada
https://www.canada.ca/en/health-canada/services/
chemical-substances/fact-sheets.html

Green Science Policy Institute
www.greensciencepolicy.org/

https://www.canada.ca/en/health-canada/services/
food-nutrition/food-safety/chemical-contaminants/
environmental-contaminants.html

Plastic Oceans
www.plasticoceans.org/the-facts/
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Plastics: an ubiquitous
ocean threat
AUTHOR
Amber Dearden, Research Assistant, Ocean
Watch, Ocean Wise Research Institute

What is happening?

REVIEWERS

Plastic pollution in the marine environment is a universal issue. Globally,

Rhiannon Moore, MSc Researcher Plastics
Lab, Ocean Wise Research Institute

more than 400 million tonnes of plastic are produced annually, and demand

Tanya Otero, Shoreline Cleanup Manager

is still growing.1–3 Global plastic production doubles every decade. Around

Anna Posacka, Manager, Plastics Lab,
Ocean Wise Research Institute

one-third of the plastic produced is used for packaging – most of which is

Peter Ross, VP Research, Ocean Wise
Research Institute

single-use. Although many plastics are used for just a few minutes and then
thrown away,3 this material does not readily biodegrade, persisting in the
environment far beyond the length of time it was used.4 Plastic is a valuable
material because of its durability and characteristic of being lightweight.
Unfortunately, these traits are what make it easily mobilized, widely distributed and persistent in the marine environment.7,8

Waste management infrastructure cannot cope with our current rate of plastic production and use, and it becomes more difficult still once this plastic enters our oceans. In Canada, an estimated 11% of plastic is recycled.5
Globally, as little as 9% of plastic waste is collected for recycling.1 Of the rest,

Collecting plastic pieces near the shoreline. (Credit: Ocean Wise)
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a small portion is incinerated (12%), while the remain-

debris lost or discarded from fishing boats and other

der enters the landfills or the environment (79%).1

marine sources. These plastics contribute around 10%
of the total marine plastic pollution and dominate the

Even areas with low plastic consumption and excel-

larger marine debris (macroplastics) category.3,9,10

lent waste management can be plagued with plastics
from other regions on their shorelines, because ocean

Plastic does not degrade naturally. It only breaks down

currents can transport plastics long distances. For in-

into smaller pieces that persist in the environment.

stance, plastic litter can find its way to remote Arctic

When less than 5 mm in diameter, they are classified

ecosystems3 and can enter the resident marine spe-

as microplastics, of which there are two typesi:

cies, including birds6 and fish.7 Our research team has
recently investigated microplastic ingestion in beluga

1.

Primary microplastics: these are deliberately
produced to be less than 5 mm in size, such as

whales from the Arctic, finding microplastics in every

microbeads from personal hygiene products;

whale sampled.8

2.

Secondary microplastics: these are created from

An estimated average of eight million tonnes of plastic

larger plastic items (macroplastics) that fragment

enters the world’s oceans every year, from land-based

over time.

sources and waterways.4 This does not include marine

Why is it important?
Plastics, both larger identifiable objects and micro-

debris is a concern. Lost, discarded and abandoned

plastics, can be mistaken for food and eaten by mar-

fishing lines, nets or rope, also known as ghost fish-

ine organisms. Zooplankton, at the base of the food

ing gear – most of which is made from plastic – tend

chain, have been documented ingesting microplastics,

to cause most marine entanglement.10

meaning plastics are permeating all tiers of the food
chain.11 Invertebrates, fish, seabirds and marine mam-

When fish and other organisms are caught in ghost

mals are all at risk of ingesting plastics, potentially

fishing gear, scavenger species are attracted, which

resulting in malnutrition, emaciation and death.11–14

are then trapped themselves.15 Ghost gear can also
catch active gear, and like a snowball effect, the prob-

In recent years, marine mammal species such as kill-

lem continues to increase.10 Ghost gear is one of the

er whales (Orcinus orca), humpback whales (Megaptera

“deadliest” of all marine debris, due to its proficiency

novaeangliae) and seals (Phoca vitulina) have begun

at capturing marine life.10 Ghost fishing gear can also

returning to Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound

result in habitat destruction, directly impacting the

waters. Entanglement of these animals in marine

species using that environment.10

i)

https://research.ocean.org/program/plastics-lab
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What is the current status?
Large Marine Debris/Macroplastics
In 1994, the Great Canadian Shoreline Cleanup was

• in 2015, a humpback whale died after becoming en-

launched by the Vancouver Aquarium. Since then it

tangled in fish farm equipment near Klemtu, on the

has evolved into one of the largest direct action con-

north coast of B.C.;19

servation programs in Canada, a partnership by Ocean
Wise and WWF-Canada, with community-led cleanups throughout the year.16 Using data cards, volunteers
collect data from these cleanups, which helps determine the most numerous and problematic litter within
each area. In Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound in
recent years, tiny pieces of plastic and foamii have been
the second most numerous litter item found, after
cigarette butts, which top the list every year (Figure 1).

• in 2016, another humpback was rescued after becoming entangled in fishing ropes north of Klemtu;20
• in 2018, five Fraser River seals were entangled in
ghost fishing gear and drowned;21
• of 870 ghost nets recovered off the coast of Washington State, U.S., over 32,000 marine animals were
found, most of which had died.22

Extreme weather events are adding to the shoreline pollution problem. Communities throughout

Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound were affected
by a series of unusually strong storms in the winter of
2018/2019, resulting in large volumes of marine debris
being washed ashore from damaged docks and boats.17
Local residents undertook most of the cleanup. The
most common debris found was Styrofoam from damaged docks and buoys, as well as various packaging.17,18

In 2016, the Ocean Wise Marine Mammal Rescue Centre
responded to reports of a Steller sea lion (Eumetopias
jubatus) in trouble around Whyte Islet, near Ch’ax̱áy/
Horseshoe Bay. It had become entangled by a plastic
packaging band. Other reports of marine mammals
being entangled in plastic debris or ingesting plastics
in nearby locations include:

ii)

Community cleanup and ocean literacy event on Hornby Island
2019. (Credit: Ocean Wise)

Tiny pieces of plastic and foam in the Great Canadian Shoreline Cleanup survey are not considered macroplastics, as they are less than 2.5 cm but
larger than microplastics (less than 5 mm).
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Debris collected during the 2018
Great Canadian Shoreline Cleanup in
Átl’ka7tsem / Txwnéwu7ts / Howe Sound
5%
FOAM

5%

BOTTLES +
CONTAINERS

4%
CUPS + PLATES

31%

TINY PLASTICS

3%

PLASTIC BAGS

47%
CIGARETTE
BUTTS

2%

STRAWS

2%

FISHING GEAR

1%

BALLOONS + TOYS

Figure 1. Itemized debris from the 2018 Great Canadian Shoreline Cleanup in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound.
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Microplastics
Microplastics are common contaminants in the coast-

Wise. One important source of marine microplastics

al and offshore environment of B.C. Researchers at the

is the municipal wastewater, with an estimated 30

Ocean Wise Plastics Lab found that microplastics are

billion plastic particles escaping treatment of a sec-

abundant in the surface seawater of coastal Strait of

ondary plant in Vancouver, B.C.24 Microplastics in

Georgia (up to 9,200 microplastics per cubic metre),

wastewater24,25 and local seawater23 are dominated

decrease away from the shore, but are still prevalent

by microfibers, the origins of which can be linked to

in the remote Northeast Pacific.23 This is of concern

home laundry as garments can release up to billions

since these particles are mistaken for food by local

of microfibers in a single domestic wash.22 Annual-

zooplankton species12 and may contaminate the mar-

ly, households in Canada and the U.S. contribute 878

ine food web. Microplastics have also been found in

tonnes of microfibers to the aquatic environment

mussels and sediments along the B.C. coastline as

(freshwater and ocean). That equates to the same

part of the Ocean Wise PollutionTracker program. The

weight as 10 blue whales entering our oceans, rivers

causes of microplastic contamination are not yet fully

and lakes, each year (Figure 2).26

understood and a subject of intense research at Ocean

Figure 2. Home laundry releases large amounts of microplastics, as textile fibres, into the marine environment every year.27
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What is being done?
Communities throughout Átl’ḵa7tsem/Txwnéwu7ts/

community members made extensive efforts to clean

Howe Sound participate annually in the Great Can-

up shorelines after the 2018/19 winter storms. Other

adian Shoreline Cleanup. Since 2010, shoreline clean-

cleanups are organized by the Future of Howe Sound

ups in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound have

Society, My Sea to Sky, Squamish Nation, B.C. Marine

removed over 6.8 metric tonnes of debris from some

Trails and other conservation groups.28

162 kilometres of coastline.16 However, the number of
people participating in the Shoreline Cleanup program

PollutionTracker is a conservation tool launched by

in this area has been declining. Consequently, the

Ocean Wise. It monitors contaminant levels in sedi-

amount of debris removed (in kilograms) is declining

ment and mussels. An analysis of microplastics in

too (Figure 3). This is likely an artefact of fewer people

sediment and mussels from the B.C. coast, including

in Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound taking part

from within Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound, is

in the program and submitting data.

underway. A report of these findings will be released
in 2021.29

However, data from cleanups by organizations that
do not submit to the Shoreline Cleanup are not re-

The Plastics Lab, an Ocean Wise Research Institute

corded or included in the figure below. For example,

facility, is based in Vancouver, B.C., Canada, special-
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Figure 3. Great Canadian Shoreline Cleanup data from Átl’ḵa7tsem/Txwnéwu7ts/Howe Sound (2010-2018).
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izing in microplastic research. The Plastics Lab team

Ongoing research and funding, continued motiva-

partners with industry, government, academia and

tion for changes in the way we consume plastics, and

Indigenous groups to identify solutions to marine

innovative solutions in removal of plastic from our

microplastics. The team investigates microplastics in

oceans and shorelines will be key in moving forward

home laundry, seawater, municipal wastewater sys-

with a vision of plastic-free oceans.

tems, zooplankton, mussels, fish and marine mammals. This research will be available in 2020.

Steller sea lion with plastic around its neck (right side of group), disentangled by the Ocean Wise Marine Mammal Rescue Centre from Whyte
Islets in 2016. (Credit: Ocean Wise)
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Success Story
In February 2019, a group of Squamish Elementary and Howe Sound Secondary
students presented a case to ban plastic bags and straws. The Squamish Municipal Council voted in favour, agreeing to implement a ban effective from the
end of 2019. The successful outcome means that single use plastic bags now
come with a fee based on the greenhouse gas emissions associated with their
production, and straws are only available upon askingi. Other nearby municipalities are now looking to follow suit (e.g., Lions Bay, District of Gibsons,

Nex̱wlélex̱wem/Bowen Island, Chá7elkwnech/Gambier Islandii. However,
there have been some issues, as the law states that municipalities are unable to
adopt a bylaw if it relates to the environment, as that falls under the jurisdiction of the federal government. This has resulted in the district implementing
a reduction strategy for single-use plastics insteadiii.

i)

Chua, S. Squamish to keep plastic bags. Squamish Chief. https://www.squamishchief.com/news/local-news/squamish-to-keep-plasticbags-1.23950285 (2019)

ii)

Chua, S. Squamish bans plastic bags and straws by the end of 2019. Squamish Chief. https://www.squamishchief.com/news/local-news/
squamish-bans-plastic-bags-straws-by-end-of-2019-1.23639967 (2019).

iii)

Chua, S. Squamish will not ask provincial government for approval of its plastics reduction. Squamish Chief. https://www.squamishchief.
com/news/local-news/squamish-will-not-ask-provincial-government-for-approval-of-its-plastics-reduction-1.23999677?utm_
campaign=magnet&utm_source=article_page&utm_medium=related_articles (2019).
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What are the potential impacts of
climate change on plastics?
Climate change results in an increase of extreme

Ocean warming driven by climate change will contrib-

weather events, which have the capacity to dam-

ute to the breakdown of plastics in the ocean.30 Some

age infrastructure, erode shorelines and mobilize

plastics can have harmful additives which, when in-

large volumes of plastic debris. Four serious storm

gested, can have toxic effects;14,31 however, impacts are

events occurred throughout the Sound in the winter

still being investigated. Additionally, plastic particles

of 2018/19. As extreme weather events become more

in seawater have been shown to accumulate other

frequent and intense, the input of plastic debris from

toxic contaminants.14,31,32 Ongoing research is needed

land to ocean will likely increase. It is also expected

to determine the full extent of impacts from plastic

that greater volumes of fishing gear will be lost dur-

ingestion on different marine creatures.

ing extreme weather events, resulting in an increase
in harmful ghost gear.

A pile of trash collected on the shoreline of Frye Island Nature Reserve, (Credit: Richelle Martin).
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What can you do?
A detailed overview of recommended actions relating to climate change is included in The path to zero carbon
municipalities (OWHS 2020). This is a new article for 2020. As such, there were no previous actions.

Individual and Organization Actions:
• Take the Ocean Wise plastic wise challenge https://ocean.org/plastic-wise/challenge/.
• Don’t flush anything other than toilet paper.
• Choose more sustainable toiletries and personal hygiene products, e.g., use silk dental floss, plastic free
shampoo and conditioner bars, look for wooden handles on razors and toothbrushes and avoid disposables,
choose menstrual cups or reusable period underwear instead of disposable feminine hygiene products.
• Always be plastic-prepared: keep an extra “plastic free” kit at work or in your vehicle, e.g., reusable cutlery,
straw, water bottle, coffee cup, shopping bag, Tupperware/container for leftovers/takeout.
• Bring your own container for take-out leftovers. Refill containers at bulk food stores or bulk sections in your
grocery store.
• Support initiatives to reduce single-use plastic items like bags, cutlery, cups and fast food containers.
• Reduce your microfiber footprint:
• Use fixtures for washing machines to trap microfibres, e.g., Fitrol – https://filtrol.net/filtrol-160/, Lint Luv-r
–http://environmentalenhancements.com/index.html or
• Use a laundry ball or a washing bag to catch fibres, e.g., Cora Ball – https://coraball.com/, Guppyfriend –
https://us.guppyfriend.com/
• Avoid fast fashion – purchase garments that last and repair
• Wash less often
• Do a full load of laundry, and wash on cold to reduce fibre shedding from clothing
• Pick up litter, lead or join a shoreline cleanup to prevent debris from re-entering the ocean, and submit your
data to the Great Canadian Shoreline Cleanup – www.shorelinecleanup.ca.
• Call the Marine Mammal Rescue Centre if you see a marine mammal in distress/entangled – 604-258-SEAL
(7325).
• Become a “Steward of the Strait” – https://georgiastrait.org/work/education-and-outreach/stewards-ofthe-strait/.
• If you are a diver, help collect data. See what these groups are doing in your area:
• Project Aware – www.projectaware.org/take-action
• Global Ghost Gear Initiative – www.ghostgear.org/
• Emerald Sea Protection Society – www.emeraldseasociety.ca/
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Government Actions and Policy:
• Fund working towards a circular economy for plastics: design products that are recyclable, reusable and
recoverable.
• Fund working towards solutions to single-use plastics such as sustainable alternatives to feminine hygiene
products, plastic cotton buds, cutlery, plates, straws, drink stirrers and balloon sticks; in addition to
incentives, consumption reduction targets, and waste management.
• Revise taxes on reusable feminine hygiene products.
• Enact legislation to put the responsibility of cleanup on the producers of plastics (extended producer
responsibility) and incentivize the use of recycled plastics or natural materials.
• Fund actions towards ghost gear removal, and research toward solving the ghost gear problem.

Methods
The Great Canadian Shoreline Cleanup data were col-

Gate used the following key terms: microplastic, pol-

lected during cleanups, and collated/provided by the

lution, primary, secondary, ocean, marine.

Shoreline Cleanup team at Ocean Wise.
A review of the current literature relating to climate
Information on microplastics was sourced from the

change and plastic pollution was undertaken. Key

Ocean Wise Plastics Lab, as well as from literature

search terms in Google Scholar and Research Gate in-

searches. Searches on Google Scholar and Research

cluded: plastic, climate change, ocean, marine, debris,
pollution.
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