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A Statement prepared by the
Aboriginal Partners of the
Northern Contaminants Program

The North is our homeland. The region that others consider remote has for millennia been central to our identity as
peoples. We use huge areas for hunting, fishing, trapping and gathering, and we eat what we hunt. Our relationship
with the land is deep, abiding, and central to our cultures, ways of life, and our future.

Having learned in the late 1980s of transboundary contamination in the North through what were essentially reconnais-
sance studies, the Council of Yukon First Nations (CYFN), the Dene Nation, the Inuit Circumpolar Conference Canada
(ICC), the Inuit Tapirisat of Canada (ITC) later renamed Inuit Tapiriit Kanatami (ITK), and the Metis Nation—Northwest
Territories, agreed to join federal and territorial agencies to manage the Northern Contaminants Program (NCP),
established through Canada’s 1991 Green Plan. We appreciated the need for a detailed and comprehensive
examination of the issue, as a prelude to doing something about it, and knew we had to be fully involved.

To us, persistent organic pollutants (POPs), heavy metals and radioactivity in traditional country food is not just
an environmental or public health issue but raises questions of our cultural survival. If we lose confidence in our
traditional country food we will question whether to continue hunting. We have few alternatives to our highly
nutritious traditional country food. Our hunting cultures teach our young valuable and important values and skills
required in the modern world —patience, tenacity, courage, and judgment.

A key feature of the NCP is its commitment to carry out work in small northern communities and to help
people most impacted by transboundary contaminants make appropriate food choices. The Aboriginal partners
have assumed considerable responsibility to inform their constituents of the work carried out by the NCP.
Communities need to know the potential risks posed by contaminants that end up in the northern environment,
as well as the considerable benefits of eating traditional country food.

The research and partnerships developed through the NCP have significantly raised the profile of environmental
contaminants in the North and our capacity to effectively address them. We have used experience gained through
the NCP to bring the public health and environmental issues of contaminants in the North to the national, circum-
polar, and international stages. We may be small in number but we have exerted significant influence in negotia-
tion towards the 1998 POPs Protocol under the United Nations Economic Commission for Europe Convention on
Long-range Transboundary Air Pollution, and the 2001 United Nations Environment Program global convention on
POPs signed in Stockholm. Data generated through the NCP is used in the ongoing work of the Arctic Monitoring
and Assessment Programme (AMAP), a constituent program of the eight-nation Arctic Council.

We continue to see contaminants as a major threat to our traditional foods. The first Canadian Arctic Contaminants
Assessment Report released in 1997, and this second assessment, illustrate the need for continued vigilance and
further research and education in northern communities. In particular, increased monitoring of contaminants and
their impacts in the Arctic is required to enable Canada to live up to responsibilities it assumed in the Stockholm
Convention. We recommend strongly that the Government of Canada renew the NCP, and continue to implement
this innovative program in partnership with northern Aboriginal peoples.
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Foreword
to the CACAR Il Highlights Report

On behalf of the Government of Canada, | am pleased to present the Canadian Arctic Contaminants
Assessment Report Il (CACAR II).

CACAR Il provides a comprehensive assessment of contaminants in Canada’s Arctic. This report not only reflects
the work conducted by the Northern Contaminants Program (NCP) over the last five years, but it is also a critical
component of a long-term strategy to safeguard the northern environment and the general health of the North.

We have learned from other environmental issues like climate change, that the arctic is an indicator of global
environmental health. Managed by the Department of Indian Affairs and Northern Development, the NCP, which
was established in 1991, is a co-operative effort involving the federal departments of Health, Environment, and
Fisheries and Oceans, the three territorial governments, the provinces of Québec and Newfoundland and
Labrador and northern Aboriginal organizations.

The NCP co-ordinates Canada’s action on the issue of northern contaminants nationally and provides the
research necessary to take action internationally. The NCP addresses concerns about exposure to elevated
levels of contaminants in fish and wildlife species that are important to the traditional diets of northern
Aboriginal peoples.

In addition, the NCP has set new standards for Aboriginal and northern communities’ participation in scientific
and government programs. The traditional knowledge of our northern Aboriginal partners is key in understanding
how chemicals and pollutants, many of which had no Arctic or Canadian source, affect the lives of northerners.

The Government of Canada recognizes the enormous potential of the North as well as its fragility. Through
CACAR I, we are providing information to governments and northerners to enable them to make informed
decisions about their health and their environment.

| would like to take this opportunity to thank all those who contributed to this report.

Robert D. Nault
Minister of Indian Affairs and Northern Development
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Executive Summary
and Recommendations

The Highlights of the Canadian Arctic Contaminants
Assessment Report (CACAR) — Phase Il report is
part of a series of reports that summarize the work
carried out since 1997 during Phase Il of the
Northern Contaminants Program (NCP). This report
conveys in plain language the main results of the
technical reports, keeping a readership of northern-
ers specifically in mind.

The aim of the NCP is to work towards reducing
and, where possible, eliminating contaminants in
traditional/country foods, while providing information
that assists individuals and communities in making
informed decisions about their food use. During
Phase Il, emphasis was placed on continuing
research on the health benefits and risks of consum-
ing traditional/country foods; developing effective
community communication; and continuing work on
international agreements to control contaminants.
The traditional knowledge of the northern Aboriginal
peoples also became increasingly important during
Phase Il.

Contaminants and the
Physical Environment

The three main categories of contaminants studied
through the NCP are heavy metals, persistent organic
pollutants (POPs) and radionuclides. Most of these
contaminants arrive in the North on air and ocean
currents from southern agricultural and industrial
sources. Contaminants are found in northern waters,
soils, sediments, snow, rain, ice and in the air. The
main reason for studying contaminants in the physical
environment is to determine their sources, main trans-
port mechanisms and pathways into the biological
environment. Levels are quite low, but these contami-
nants can bioaccumulate and biomagnify in the food
web, eventually to reach levels of concern in people.
Research into contaminants in the physical environ-
ment, in particular sources of contaminants, is also
useful for work to restrict their use through interna-
tional agreements. Follow-up research can tell us
whether these agreements are proving effective at
reducing contaminant levels in the North.

Contaminants in the

northern atmosphere

In general, the Canadian northern atmosphere
contains lower levels of POPs and heavy metals than
those found over most other circumpolar countries.
Levels of most contaminants are declining slowly
right across the circumpolar Arctic. However, it is still
too early to tell whether mercury levels are increasing
or decreasing. The main sources of heavy metals in
the air over northern Canada are thought to vary
seasonally with these sources being: the Canadian
Arctic islands and western Greenland (fall); western
and northwest Europe (late fall and winter); and Asia
and Russia (late spring and summer).



Levels of mercury in the northern Canadian atmos-
phere suddenly drop in the spring when the sun
reappears after the long polar night. This phenome-
non is also now being observed at other locations in
the circumpolar Arctic. Mercury is deposited from the
atmosphere onto the snow surface during what is
called a mercury depletion event (MDE) and may be
an important route for mercury to enter the food web.

Most POPs are declining in the Canadian northern
atmosphere, with the exception of dieldrin and endo-
sulfan. Decreases in the hexachlorocyclohexanes
(HCHs) and toxaphene are undoubtedly a result of
international controls on their use. Lindane is
expected to continue to be transported northward for
some years from residues in Canada, France and
China. Some pesticides are thought to be carried to
western North America, including Yukon, from Asia
during the winter.

Several new contaminants not previously studied
under the NCP are now being found in the Canadian
northern atmosphere but it is still too early to tell
whether levels are increasing. These include the
brominated flame retardants, chlorinated paraffins
and chlorinated phenols. The flame retardants are
widely used and may be of concern in the future as
they easily enter the food web. More research is
required in this area.

Contaminants in lake sediments
Mercury levels appear to be increasing in lake sedi-
ments in Nunavut south of 80° N and possibly in
other areas as well. These increases may be
because more mercury is being transported from the
south, or possibly because of climate change as
mercury is released into the environment from melt-
ing permafrost and along with organic matter enter-
ing lakes and rivers. At virtually all Yukon sites (with
the exception of Hanson Lake), levels of most POPs
have been declining over the past 20 years.

Contaminants in the marine
environment

In marine waters, HCHs are the most common
contaminants, followed by PCBs. HCH levels are
higher in the Canadian Arctic islands compared to
other parts of the Arctic Ocean and most alpha-HCH
is now arriving through the Bering Strait in seawater
instead of through the atmosphere as in the past.
Beta-HCH, which may be more toxic for animals and
humans, travels to the Arctic primarily in ocean
currents and levels are highest in the Bering-Chukchi
region. Lindane and endosulfan are the only modern
pesticides found in the Arctic Ocean.

Low levels of the new POPs such as the brominated
flame retardants and chlorinated paraffins are now
being detected in marine sediments.

Very few radionuclides being released from European
nuclear plants are reaching the Canadian Arctic Ocean.

Climate change and contaminants
Climate change is now modifying atmospheric and
ocean currents and more contaminants may reach
the Canadian North than before. Levels of mercury
and other heavy metals are expected to increase in
the Canadian Arctic Ocean. The strength and loca-
tion of the mercury depletion events may change.
Levels of some POPs may also increase. More
radionuclides may also reach the Canadian North in
ocean currents. Contaminants will likely bioaccumu-
late and biomagnify in ways not yet understood.
This may have implications in the future for the health
of animals, and for the levels of contaminants in
traditional/country foods.



Contaminants in Fish and Wildlife

Ringed seals

There is no evidence as yet of a general increase in
mercury or other heavy metal levels in fish and
wildlife. However, increases in mercury and cadmium
are being observed in some marine mammal popula-
tions, generally near the mouths of large rivers, and
in some seabirds.

Mercury levels are staying about the same in the
livers and kidneys of most ringed seal populations,
but are rising in others for reasons that are not yet
clear. Similar patterns are found for cadmium levels.
Though there are no consumption guidelines for seal
meat, many of the mercury levels in ringed seal
kidneys and livers are higher than the guidelines set
for fish consumption.

In contrast to mercury, levels of POPs in the blubber
of ringed seals are similar across the Canadian
North, though they are declining in some locations.
PCB levels have dropped up to 60% from 1975
levels and DDT levels have also dropped. Computer
models predict that levels of both PCBs and DDT
will drop even further by 2010. However, alpha-HCH
levels have increased. Blubber from Canadian ringed
seals contains more POPs than seals from Alaska;
however, seals from Europe and northeast Greenland
have even higher levels.

Beluga whales

It has been known since the 1980s that mercury
levels in beluga organs may be cause for concern,
both for the whales and to consumers. However,
much of the mercury is converted to a less toxic
form in the organs. Over the last 15-20 years,
mercury levels have increased four times in the livers
of belugas from the Beaufort coast and 10 times or
more in belugas from western Hudson Bay.

The levels of some POPs in beluga whales are
decreasing (e.g., PCBs, dieldrin), while levels of
others are staying the same (e.g., DDT, toxaphene),
or increasing (e.g., chlordane, endosulfan).

New POPs are being detected and are rising in
ringed seal, beluga and narwhal blubber. For exam-
ple, levels of the fire retardant polybrominated
diphenyl ethers (PBDEs), while not currently of
concern, are now nine times higher in seal blubber
from Holman (Ulugsagtuuq) than they were in 1981.

These contaminants should be monitored, as they
may become of concern in the future.

Walrus

Levels of mercury and other heavy metals are staying
about the same in walrus but PCB and DDT levels
may be decreasing. Animals from east Hudson Bay
and the Foxe Basin contain similar levels of POPs.
Canadian walrus generally have similar levels of
POPs to those found in walrus in other countries.

Polar bears

Scientists are more concerned about the effects of
POPs on polar bears than any other wildlife species.
Polar bears are particularly vulnerable to bioaccumu-
lating POPs from eating seal blubber, and they can
also biotransform many POPs into more toxic forms.
For example, PCBs are known to cause problems
with both vitamin A levels and the thyroid hormone in
polar bears. This concern remains even though levels
of HCHs, DDT and PCBs are decreasing in the fat of
polar bears from Hudson Bay. Levels of other POPs
appear to be staying at about the same levels.

Arctic foxes

Arctic foxes feed at various levels in the food web
but this does not appear to affect their levels of
POPs. Most levels are quite low and, overall,
Canadian foxes contain lower levels of POPs than
Arctic foxes from Svalbard, the Norwegian mainland
or Iceland.

Invertebrates and marine fish
Invertebrates such as clams and mussels contain
variable but low levels of heavy metals. Levels of
POPs are also very low.

Marine Arctic char contain only very low levels of
mercury, and virtually undetectable levels of cadmium
and lead. POPs levels are also very low. Arctic cod
contain levels of mercury and POPs similar to Arctic
char. In contrast, Greenland sharks are thought to
bioaccumulate and biomagnify contaminants much
more than other marine fish. Levels of mercury are
more than 10 times the levels found in other fish,
though they are still much lower than those found in
marine mammal livers. The levels of some POPs are
similar to those found in polar bears and other pred-
ators at the top of the food web. DDT levels are the
highest found in any northern Canadian animal.
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Seabirds

Mercury levels have been increasing in Arctic
seabirds, but they transform much of this mercury
into non-toxic forms. Mercury levels have almost
doubled in the eggs of thick-billed murres since 1975,
and have increased in northern fulmars by 50%. The
higher levels are found in predatory birds such as
glaucous gulls, while lower levels are found in non-
predatory species such as dovekies. Mercury levels in
long-tailed ducks vary greatly from place to place.

In contrast to mercury, the levels of most POPs,
especially PCBs and DDT, are decreasing in the eggs
of seabirds. However, HCHs are increasing in many
birds, possibly because more HCHs are now reach-
ing the Arctic through the Bering Strait rather than
through the atmosphere. Birds that migrate south,
such as the black-legged kittiwake, have higher
levels of selenium which is picked up from southern
regions. Non-migrating birds such as black guille-
mots tend to pick up more mercury, which is then
passed on to their eggs. Black guillemots in some
locations, however, are exposed to high levels of
PCBs which may be affecting their health.

Many of the new POPs are also being detected
at low levels in seabirds. These levels, however,
are increasing.

Land mammals

Two large monitoring programs during Phase |l of the
NCP measured heavy metals and POPs in land
mammals, including 15 caribou herds, moose, bison
and mule deer across the Northwest Territories and
Yukon. Wolves, wolverines, beaver and muskrat were
also studied. Levels of various POPs, heavy metals
and radionuclides are quite low in land mammals.
The only potential concern is the fairly high levels of
cadmium found in the kidneys and livers of Yukon
caribou. These cadmium levels, however, are not
thought to have changed over thousands of years,
and come mostly from natural sources.

Freshwater fish

In contrast to land mammals, levels of mercury are
increasing in the organs of some freshwater fish in
certain lakes, but there is much variation from lake
to lake.

Mercury levels have increased in the livers of loche
(burbot) from the Mackenzie River (Dehcho), in some
locations by more than 35% since 1985. In some
cases mercury levels are above the subsistence
consumption level, but all are below the guideline for
commercial sale. In other locations, mercury levels
are rising and, while not of concern for consumption,
should continue to be monitored.

Loche (burbot) from Yukon lakes do not contain high
levels of POPs with the exception of Lake Laberge,
where toxaphene levels in livers continue to be high.
As with other animals in the North, the new bromi-
nated flame retardants are being found in loche
(burbot). Levels are very low but are increasing with
time and should continue to be monitored.

Land-locked Arctic char from Nunavik and Labrador
generally contain only low levels of mercury and
POPs. In contrast, some land-locked Arctic char
from Resolute Lake on Cornwallis Island contain
mercury levels above the guideline for subsistence
consumption, though below the commercial guide-
line. These higher levels may have resulted from
some Arctic char becoming predatory. Levels of
POPs are low and not considered to be of concern
for human health.

In the Mackenzie River (Dehcho) Basin and in
Nunavut, predatory fish such as lake trout, jackfish
(northern pike) and pickerel (walleye) generally
contain levels of mercury above both the subsistence
and commercial guidelines. In contrast, non-predatory
fish such as whitefish generally contain much lower
levels. Freshwater fish from Great Slave Lake (Tucho)
and Great Bear Lake (Sahtu) contain some of the
lowest levels of mercury found in the Canadian
North. Levels of POPs are low in all these fish, even
in predatory fish, and are not of concern.



Waterfowl and game birds

High levels of cadmium and mercury are being found
in the livers and kidneys of eider ducks. Cadmium
levels in the kidneys of king eider ducks from the
East Bay Migratory Bird Sanctuary on Southampton
Island were some of the highest ever measured in
eiders and more than four times the levels measured
in European eiders. Common eiders have much
lower levels of cadmium, but age may be a factor as
the common eider samples may have come from
younger birds. The cadmium in Canadian eiders is
thought to come from local underlying rocks.

Similar to the patterns of cadmium, common eiders
contain lower levels of mercury compared to king
eiders. This is thought to be caused by differences in
diet. Common and king eiders both eat mussels, but
king eiders also consume bottom-dwelling invertebrates
which may contain higher levels of contaminants.

Plants

Plants in northern Canada contain only low levels of
POPs and heavy metals. However, some plants near
local contaminant sources (e.g., gold mines) may
contain higher levels of certain contaminants such as
arsenic. This has led to advisories being issued on
the consumption of berries in these areas.

During Phase Il, NCP research relating to contami-
nants and human health has resulted in the message
to northerners that the known nutritional, economic,
social and cultural benefits of consuming traditional/
country foods are believed to outweigh the currently
known risks. Further studies are being undertaken to
develop a better understanding and clarification of
these risks.

Dietary patterns

A major dietary survey carried out during Phase |l
looked at how much traditional/country food (and
market food) people consume, and the nutritional
value of these foods. On the days when people eat
traditional/country food, the diet generally contains
less sugar, more of the healthy types of fat, more
vitamin E, more iron and more zinc. Overall, a tradi-
tional/country food diet is healthier than a typical
northern market food diet. More traditional/country
food is eaten in remote communities than in urban
areas. People over 40 years old tend to eat more
traditional/country foods than younger people, and
men consume more than women. Moose, caribou
and whitefish are eaten most often among Yukon First
Nations, Dene and Métis; caribou and Arctic char
most frequently among Inuit in Inuvialuit, Kitikmeot
and Kivallig; caribou, Arctic char and ringed seal most
often among Inuit in Baffin; and caribou and trout
most often among Inuit in Labrador.

Benefits of traditional/country foods
Many traditional/country foods help people fight
illness, injury and disease better than the popular
market foods and provide the necessary dietary
intake of most vitamins, essential elements and
minerals. Harvesting traditional/country food is physi-
cally demanding and helps people stay fit. There are
significant social, cultural and spiritual benefits to
harvesting, preparing, sharing and consuming these
foods. Individuals feel they are part of the group and
have their sense of culture reinforced. Young people
learn skills necessary for living off the land, and
develop qualities such as responsibility, patience and
respect. There are also clear economic reasons
which support continued and extensive use of tradi-
tional/country foods. It is aimost always cheaper than
market food and is an economic necessity for many
northerners. Most Inuit, Yukon First Nations, Dene
and Métis state that they would not be able to feed
their families relying only on market food.

viii



ix

Most of the market foods consumed in Aboriginal
communities do not provide adequate nutrition. On
the days that people do not eat traditional/country
food, they consume more sugar, unhealthy fats and
carbohydrates than usual. More Aboriginal northerners
than before are becoming overweight and developing
“western-style” problems such as diabetes and heart
disease. In Baffin region, 40% of women over 40 years
of age may develop health problems because they
are too heavy. For women under 40, and men over
40 years of age, 20% may develop health problems.

Contaminant exposure

In most Kivalliq and Baffin communities, more than %
of the population is taking in levels of mercury above
the level known to be safe (the tolerable daily intake or
TDI level). In Kivallig, most of the mercury comes from
consuming caribou meat, beluga muktuk and lake trout
muscle. In Baffin, most comes from eating ringed seal
meat, narwhal muktuk and caribou meat.

The levels of mercury in mothers’ blood, hair, or umbilical
cord blood follow a somewhat similar pattern to intake
levels. Ten percent of mothers in Baffin region and 16%
of Nunavik mothers have mercury blood levels that fall
within Health Canada’s “increasing risk” category. Nearly
80% of Nunavik mothers and 68% of Baffin mothers
have mercury blood levels that exceed a new guideline
based on United States studies. Mercury levels in Yukon
First Nations, Dene, Métis, and Inuit from Kivallig and
Kitikmeot regions are much lower and fall within Health
Canada’s “acceptable” range.

Inuit in Greenland and people from the Faroe Islands
contain higher levels of mercury than Inuit in northern
Canada. Inuit in Greenland eat more marine
mammals compared to Inuit in Canada and this is
likely the reason for the difference in levels.

Lead levels are elevated in some Dene and Métis
mothers as well as in Inuit mothers. The use of lead
shot for hunting is the probable reason. Cadmium
levels are elevated in some Inuit, Dene and Métis moth-
ers. Most cadmium comes from smoking cigarettes.

While intake levels of many POPs are below the TDls,
people from the Inuvialuit, Kitikmeot, Kivallig and
Baffin regions are taking in levels of chlordane and
toxaphene that are on average higher than the TDlIs.
In some communities in the Baffin and Kivallig
regions, 25-50% of residents take in more chlordane
and toxaphene than the TDlIs. Intakes of PCBs are
also higher than the TDI in Baffin region. The
consumption of marine mammal blubber and

muktuk is thought to be the reason.

Levels of chlordane, toxaphene and PCBs in the
blood, hair and umbilical cord of mothers follow a
similar pattern to intake levels. Levels of PCBs are
elevated in the blood of mothers in Baffin, Kivallig
and Nunavik. Nearly 7 of the mothers have levels
above the “level of concern”. Levels of PCBs are not
thought to be of concern for Dene or Métis mothers.

Mothers from Nunavik have PCB blood levels similar
to levels in mothers from the Netherlands. Levels are
2-3 times higher in mothers from Greenland compared
to Canadian Inuit, likely because Greenland Inuit eat
more marine mammals. People from the Faroe Islands
also have blood levels 2-3 times that of Canadian Inuit.

Northerners are exposed to higher levels of radio-
nuclides compared to people who live in the south.
These radionuclides occur naturally and for thou-
sands of years have been reaching humans at
approximately the same levels through the
lichen->caribou»human food web. No significant
health risks have been associated with radionuclides
in northerners to date.

Effects of contaminants on health
There have been few studies of the effects of
mercury and other contaminants on the health of
Canadian northerners. A study is now being
conducted in Nunavik which should soon provide
useful information on effects and risks, particularly
for those groups most vulnerable to contaminants:
women of child-bearing age, pregnant women,
the fetus and children.



International research results presented in the Arctic
Assessment and Monitoring Programme’s report
“Arctic Pollution 2002” confirm that breastfeeding
should continue and that the benefits of breastfeed-
ing outweigh the currently known risks. There are
substantial benefits to both mother and child from
breastfeeding, even though breast milk can contain
most of the POPs found in the Canadian North.

While research in the Faroe Islands shows that low
levels of mercury may lead to slightly slower develop-
ment in children, other studies elsewhere in the world
do not show any health problems related to low
levels of mercury. There is early evidence based on
animal research that vitamin E, and a combination of
vitamin E and selenium may provide some protection
against mercury. Certain fatty acids and fish protein
may also help reduce the effects of methylmercury.

Very little is known as yet about the effects of chlor-
dane and toxaphene on the health of northerners but
some information is available about the effects of
PCBs and DDT. In Nunavik, mothers having elevated
levels of PCBs in their blood gave birth to slightly
smaller infants. These infants may possibly have
difficulty fighting infections and disease. DDT in
breast milk may also be causing more infections in
infants and children. Vitamin E and omega-3 fatty
acids found in many traditional/country foods may
help protect people from the effects of contaminants
such as PCBs.

Benefit-risk communication

The Aboriginal Partners and territorial health depart-
ments have taken the lead in providing benefit-risk
information and advice to northerners. Both sides of
the issue must be considered, including the type and
amount of food consumed and the social, cultural,
nutritional, economic and spiritual benefits of these
foods. Management decisions are taken together with
the communities affected. The benefits of continued
consumption of traditional/country foods are currently
considered to outweigh the known risks.

Education, Training, Capacity
Building and Communication

The NCP recognizes that any information northerners
receive about contaminants in traditional/country
foods may significantly affect their diet, economy and
way of life. Therefore, the program invests consider-
able time and resources into education, training,
capacity building and communication.

Specific initiatives undertaken during Phase Il of

the NCP include the development of educational
materials for use in school curricula, Regional
Contaminants Coordinators (RCCs), frontline training
courses, community tours, and Elder-scientist
retreats. One-on-one communications and small
groups have proven effective. The lessons learned
from experience are invaluable in the ongoing delivery
and exchange with northern residents on contami-
nant issues. However, more formal evaluation of
these activities and their outcomes is needed.

Materials for school curricula

Education materials for school curricula were initially
developed by the Metis Nation—-NWT, together with
teachers, school boards, and the Government of the
Northwest Territories Department of Education.
Materials were also developed in Yukon, using the
Metis Nation-NWT model, but adapted to reflect the
regional situation. School children were also involved.

Regional Contaminants Coordinators
With the support of the Aboriginal Partners, RCCs
act as community and regional coordinators for some
research activities, and as communicators and
program representatives at the community level.
Positions were created in regions where there are
human safety concerns relating to contaminants,
and as the RCCs are often local residents, they
have been able to forge relationships of trust with
their communities. Because the RCC positions are
successful in providing experience and supporting
interest in contaminant issues, many RCCs have
been able to move on to positions of greater
responsibility, or to higher education.
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Frontline training courses

Frontline workers in northern communities, including
renewable resources officers, health workers, and
Elders among others, are the people most likely
turned to locally for information and advice. During
Phase Il of the NCP, six training courses on contami-
nants were provided to over 100 frontline workers in
Labrador, Nunavut and the Northwest Territories.
Materials were developed by the Metis Nation—-NWT,
which also helped to run the courses. These courses
have greatly increased the awareness of contami-
nants issues at the grassroots level.

Community tours

Community tours about contaminants were taken to
nearly 50 communities in the Northwest Territories
and Nunavut. A team of experts composed of an
Aboriginal Partner, a health expert, a scientist, and an
RCC presented information to community members.
The community tours have had considerable success,
with the crucial factor being the people involved.

Elder-scientist retreats

Retreats that bring Elders and scientists together
were developed by the Dene Nation as a way for
Elders and scientists to gain a better understanding
of one another and to improve two-way communica-
tion. The retreats also provided scientists with an
opportunity to learn more about traditional know-
ledge (TK). Four Elder-scientist retreats were carried
out during Phase Il of the program.

While informal experience-based evaluation has been
ongoing, sometimes important points can be missed.
Another area that needs to be evaluated is the effect
that the information communicated has on people.

Action at the National and
International Levels

The NCP has led Canada to produce world-class
science on the past and current sources of metals
and POPs, and in predicting their movement through
the atmosphere. The results of NCP studies have
provided the basis for policy decisions and action in
Canada and on the international stage. Canadian
northern Aboriginal organizations have played a key
role over the years, especially at the international level.

Domestic action

Children are particularly vulnerable to a wide range of
environmental contaminants. Results and data from
NCP studies on contaminants and their effects on
the developing fetus, infants and preschool children
has helped set the federal agenda on children’s
health. The federal government now gives special
attention to the ways in which northern Aboriginal
children are exposed to contaminants, and to the
levels and effects of these contaminants on their
health. The NCP continues to provide direct input
and direction to both the federal and NAFTA initia-
tives. NCP research played a significant role in the
development of the domestic voluntary agreement to
stop using lindane.

International action

International agreements to control emissions are
recognized as the only long-term solution to the
problem of contaminants in the Arctic. It has taken
less than 15 years — light-speed for international
diplomacy — to move from initial research that identi-
fied a POPs-related problem in the Canadian North
to global action that addresses the issue. The NCP
produced persuasive evidence that certain contami-
nants which originate from outside Canada are accu-
mulating in the traditional foods and in the tissues of
some northern people at levels which are of concern
to health authorities. This information strongly influ-
enced international agreements, concluded in 1998
and 2001, to significantly reduce emissions of key
heavy metals and POPs to the environment.



Long-range Transboundary
Atmospheric Pollution Convention
Protocols

NCP research results contributed to the United
Nations Economic Commission for Europe Long-
range Transboundary Atmospheric Pollution (UN/ECE
LRTAP) Convention Protocols which address heavy
metals and 16 POPs, all of which are of concern in
the Canadian North. The objective of the POPs
Protocol is to control, reduce, or eliminate
discharges, emissions and losses of these 16 POPs,
and it makes special reference to the distinct
concerns of Arctic and Indigenous peoples. The
UN/ECE LRTAP Convention Protocols were signed
by 36 countries in June 1998. As of October 2002,
the POPs Protocol had been ratified by 13 countries,
as had the Heavy Metals Protocol. Canada ratified
both protocols in December 1998.

The Stockholm Convention

The NCP data also contributed significantly to the
United Nations Environment Programme (UNEP)
Global POPs Convention (Stockholm Convention)
which aims to: eliminate or severely control the
production and use of 12 POPs; ensure environmen-
tally sound POPs waste disposal; and prevent new
chemicals with POPs-like characteristics from emerg-
ing. This convention also specifically acknowledges
the special situation and risks faced by the North
and Aboriginal peoples. The UNEP Global POPs
Convention became available for signing in May 2001
in Stockholm, Sweden. Canada was the first country
to ratify the convention. As of October 2002, over
150 countries had signed the POPs Convention and
22 countries had ratified it.

Canadian Arctic Indigenous Peoples
against POPs (CAIPAP)

The Canadian Arctic Indigenous Peoples against
POPs (CAIPAP) group was formed in 1997 to influ-
ence Canada’s position in the UN/ECE LRTAP and
UNEP Global POPs negotiations. The NCP Aboriginal
Partners formed the members of CAIPAP. CAIPAP
participated actively and very successfully in the
global POPs negotiations, due in part to the support
of the NCP.

Arctic Monitoring and Assessment
Programme (AMAP)

The Arctic Monitoring and Assessment Programme
(AMAP) of the Arctic Council draws heavily on NCP
research results. In addition, an Aboriginal Partner to
the NCP, the Inuit Circumpolar Conference, together
with the Gwich’in Council International and Arctic
Athabaskan Council, helps develop policy recom-
mendations for AMAP, many of which are based on
NCP experience.

The NCP model is now well-known and being copied
in the circumpolar Arctic. Aboriginal peoples in north-
ern Canada also view the NCP as a model for other
research and monitoring programs to address issues
such as climate change and biodiversity conserva-
tion. The success of the NCP was also recognized

in the 1999 Report of the Commissioner of the
Environment and Sustainable Development and in

an independent evaluation conducted in 2002.
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Summary of Recommendations

Contaminants and the Physical
Environment

it is important to monitor the levels of the new
POPs in the physical environment, e.g., bromi-
nated flame retardants, chlorinated paraffins and
chlorinated phenols

continued research on the properties of contami-
nants will help identify which are more likely to
travel to the Canadian North from southern
sources

older POPs should continue to be monitored in
the atmosphere, as there is not enough data as
yet to determine long-term trends

air monitoring and modelling need to continue to
increase understanding of the sources, routes
and levels of contaminants coming to the Yukon
from Asia

more work is needed on the routes taken by
heavy metals (especially mercury) to the
Canadian North

continued research is required to assess the
importance and nature of mercury depletion
events

studies on levels of contaminants in lake water
and sediments should continue as these are very
sensitive to changes in inputs from the atmos-
phere, runoff and rivers

research is needed to increase understanding of
the importance of microbes in removing conta-
minants from the physical environment

POPs in seawater should continue to be moni-
tored, as ocean currents are now recognized as
being more important transport routes than
previously thought

the role of sea ice in moving contaminants from
one part of the environment to another needs to
be better understood — this is particularly
important given climate change may change sea
ice patterns

research using radionuclides to “trace” ocean
currents may provide information on the routes
used by contaminants in seawater to reach
the Arctic

more research on the properties of contaminants
will provide useful information on what is

likely to happen to them once they reach the
Canadian North

although snow is known to be important for
bringing contaminants to the surface, more
needs to be understood about how this
happens, and what happens to the contami-
nants once they reach the surface

climate change is expected to have a profound
effect on the Canadian North and more research
is needed to increase understanding of the
effects of climate change on contaminants

studies are needed on how melting permafrost
will affect the flow of contaminants

it is important to look closely at the links
between human behaviour worldwide (e.g.,
energy consumption, and international policies),
and contaminants in northern Canada

Contaminants and Plants, Fish

and Wildlife

monitoring of contaminants now subject to inter-
national controls should continue in animals, to
study the effectiveness of these controls

the new POPs should continue to be monitored
in a variety of animals including freshwater fish
and marine mammals

large variations in mercury levels in seals cannot
yet be explained and should be studied further

the potential effects of PCBs on polar bears may
be serious and need to be considered further

mercury and other metals should continue to be
monitored in fish and wildlife as levels appear to
be increasing in some populations and locations,
but decreasing in others — these differences are
not well understood

much existing POPs data should be analyzed
and interpreted to gain a better understanding of
POPs and trends in freshwater fish

research is needed to assess the levels of PCBs
in black guillemots across northern Canada as
even low levels are thought to cause effects




the biological effects of contaminants on animals
remain a gap in knowledge — more research is
needed on what levels of contaminants (includ-
ing the new POPs and toxic forms of PCBs) will
cause effects for northern species

the movement and effects of contaminants in
northern ecosystems and in food webs has not
been well studied — the behaviour of the new
contaminants is not well understood, and the
ability of contaminants to biomagnify, bioaccu-
mulate and transform into other forms is also an
area needing further research

climate change should be a priority area for
future work since climate change may result in
higher levels of some contaminants in animals

archives of samples of animals and plants are
extremely valuable and should continue to be
supported

quality assurance monitoring programs should
also continue for laboratories involved in
analyzing samples

greater analysis of data and publication in peer-
reviewed journals is also encouraged

the health of plants, fish and wildlife near
sources of local contaminants (e.g., harbours
and military sites) should be assessed, as these
local sources are of considerable concern to the
northern peoples

Contaminants and Human Health
more research is needed on the health conse-
quences of not consuming traditional/country
foods

the risks of taking in higher levels of mercury
need to be studied further, especially in Baffin
and Nunavik regions

regular monitoring of contaminants in humans,
especially mercury and various POPs (e.g.,
PCBs, chlordane and toxaphene), should
continue to get a better idea of whether levels
are increasing or decreasing

it is important to continue monitoring the
consumption patterns of traditional/country

foods in those communities consuming the most
traditional/country food containing contaminants

levels of mercury, chlordane, toxaphene, PCBs
and other POPs in northern populations should
also continue to be monitored to provide a better
picture of intake levels, regional variations and
trends

more human health research should focus on
the toxic effects of contaminants on northern
peoples, and if and how contaminants are
related to health problems

a controlled human study of the effects of
various nutrients such as certain fatty acids,
selenium and vitamin E on methylmercury
would be useful to confirm the results of animal
experiments

NCP research relating to human health should
be published in the peer-reviewed literature and
evaluated to see how it affects the present provi-
sional tolerable daily intake (TDI)

more research is needed on how various types
of toxaphene bioaccumulate and behave in
animals including people, to shed light on the
potential effects of toxaphene and to assess safe
intake levels

more research is needed on how the levels and
effects of chlordane on animals can be related to
effects in people

new ways to predict health effects should be
explored in the ongoing Nunavik study as well
as in other studies elsewhere in the circumpolar
Arctic

more work is needed on the effects of mixtures
of POPs on human health, especially on the
fetus, infants and children

conduct further research on the perceptions and
understanding of risk among different northern
groups (e.g., women of child-bearing age) to
better tailor benefit-risk messages and communi-
cate risk management options

written benefit-risk materials should take into
account different dialects

Xiv
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Education, Training, Capacity
Building and Communication

maintain the focus and direction of
contaminants-related research and activities
through the use of strategic “blueprints” that are
reviewed and revised annually

maintain the integrity of the review process for
project funding so that northern research contin-
ues to meet high scientific standards as well as
criteria for social and cultural considerations

continue to address the contaminants issue
through a multidisciplinary, ecosystem-based
and partnership management approach

continue to develop and strengthen partnerships
with northern Aboriginal peoples at the regional,
territorial and national levels to enhance the
capacity development and meaningful involve-
ment initiated by the NCP

conduct a formal evaluation of the new NCP
consultation process and adapt the process as
appropriate

continue to promote and support responsible
research through the use and application of
guidelines and requirements for consultation, as
established under the NCP

develop and implement a more formal process
to identify and incorporate community concerns
in research projects on contaminants and health

continue to address local contaminants issues
through regionally managed funds such as Local
Contaminants Concerns

develop practical guidelines on incorporating
traditional knowledge in northern contaminants
and health research

evaluate current approaches used to deliver
health advice and advisories regarding their
impact on how individuals make decisions
about their food use

continue to support ongoing open communica-
tion with communities on contaminants and
related environmental health issues using a
variety of methods

develop a dictionary or guide for translators on
these issues in northern Aboriginal languages

assess the feasibility of using new information
technologies in the North and exploit them
where appropriate in future activities

revise NCP educational material to make it more
compatible with existing curricula and useful for
teachers and students; provide in-service training
for teachers to introduce them to the material,
and make it more widely available in print and
digital format

strengthen communications activities for youth
about these issues as they are the decision
makers of tomorrow in northern communities
and regions

evaluate the effectiveness of specific communi-
cation activities under the NCP to improve
understanding about contaminants issues in
northern communities, and build capacity and
communication networks

Action at the National and
International Levels

ensure effective support for national and interna-
tional policy and implementation activities related
to contaminants of concern in Canada’s North

support the role of northern Aboriginal peoples
in international negotiations and initiatives
aimed at ensuring the safety of their traditional/
country foods
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Introduction

1.1  What is the Canadian Arctic
Contaminants Assessment Report
— Phase Il (CACAR-II)?

The Canadian Arctic Contaminants Assessment
Report — Phase Il (CACAR-I) provides a summary of
the research and related activities carried out by the
Northern Contaminants Program (NCP). The focus is
on the period for Phase Il (1998-2003) though earlier
results are sometimes included where relevant.

There are five reports in the CACAR-II series. Three
of these are technical reports that deal specifically
with NCP research on:

e contaminants in fish and wildlife

e where contaminants come from and how they
get to the Canadian North

e human exposure to contaminants and the
effects of this on human health

The fourth technical report, called “Knowledge in
Action”, is concerned primarily with the difference the
NCP has made at the local, regional, national and
international levels. It also covers the structure and
management of the program, and the initiatives taken
by the program to educate and communicate
contaminant issues in the North,
in some detail.

The fifth in the series is the
Highlights of the Canadian
Arctic Contaminants
Assessment Report —
Phase |l.

1.2 What is the CACAR-II
Highlights Report?

The Highlights Report is the part of CACAR-II that
conveys in plain language the main results or “high-
lights” of the four reports, keeping a readership of
northerners specifically in mind. Therefore, as far as
possible, the research results are presented in ways
that are meaningful to those who live and work in the
Canadian North. One question that most northerners
have concerning the NCP and the meaning of the
research results is “Is my food safe to eat?” The
Highlights Report keeps this question in mind
throughout.

There are likely to be additional readers of this docu-
ment, e.g., Canadian policy makers and scientists,
decision-makers at the international level, as well as
the media. While these other groups are important, it
is difficult to structure a single document in a way
that suits each perspective. Because of this difficulty,
the Highlights Report addresses the perspective of
northerners above all others.

1.3 How is this different from the
first CACAR Highlights Report?

In 1997, the first CACAR was published. It too
contained highly technical reports (published together
as the single volume Canadian Arctic Contaminants
Assessment Report) as well as the Highlights of the
Canadian Arctic Contaminants Assessment Report
— a community reference manual. This original
Highlights Report was written first and foremost for
front-line community people working on contami-
nants issues. It was also for those interested in
knowing more about contaminants in the North and
who wanted a general overview of information that
came to light through the NCP during 1991-1997.



The first Highlights Report also was designed to

help people provide answers to questions raised by
others. Because of the first Highlights Report, people
were able to know where to find more information to
help them make informed decisions about food use.
They also had access to a plain language description
of a complex environmental health issue.

The CACAR-II Highlights Report is somewhat differ-
ent from the one produced for the first CACAR. While
still oriented to northern readers, community profes-
sionals already have a manual to understand and
work with the NCP and its results. The first CACAR
Highlights Report still fills that need. What is needed
now is a plain-language report that summarizes the
new NCP research results in ways relevant to north-
erners’ perspectives, questions and concerns.

1.4 Structure of this report

This report continues with a brief summary of the
Canadian North and its unique situation with respect
to the rest of Canada and the world. A description of
the NCP follows, as it is this program that has
enabled researchers to carry out their work, and
which is responsible for the results presented in the
remaining chapters of this report.

The main scientific research result highlights are
presented in Chapters 2, 3 and 4, with a focus on
the results since 1997 (since the first CACAR). Each
chapter illustrates how northerners have participated
and contributed to the research and related activities.
Traditional knowledge (TK) has also played an impor-
tant role in many research projects. Each chapter
concludes with a short summary of the main points,
and possible future work that should be done.

Chapter 2 describes the progress made in under-
standing contaminants, where they are coming from,
how they travel to the North and what happens once
they arrive. Several new contaminants have been
found in the North since the first CACAR, and some
remarkable new discoveries have been made about
mercury as well.

Chapter 3, one of the central chapters of the
Highlights Report, covers what has been learned
about the levels, trends and possible effects of
contaminants in northern fish and wildlife. This chap-
ter is arranged species by species to make it easy for
the reader to locate information about a particular
species of interest. A wide range of species have
been studied under the NCP from large mammals
such as moose, caribou, and beluga; to many
species of fish; to birds; plants; and finally to smaller
organisms such as clams and invertebrates. Where
appropriate, the information on key fish and wildlife
species is linked to human health considerations.

Chapter 4 focusses more extensively on the levels of
contaminants that people are exposed to, along with
the possible effects of contaminants on human
health and the benefits and risks of consuming tradi-
tional/country foods that contain contaminants. In
most cases, it is far healthier to harvest and eat tradi-
tional/country food than to avoid it because it may
contain contaminants. Some new and important
studies have been carried out since 1997.



Following the three central chapters, the Highlights
Report deals with how the results and knowledge
gained from Phase Il of the NCP have been used
locally, nationally and internationally. Some of the
important questions that are addressed include: How
has this research made a difference to northerners?
Is the research information being communicated to
northerners in useful ways? Are northerners becom-
ing better equipped to deal with contaminants? What
changes are being made in Canada and elsewhere
in the world because of this research? Are some
contaminants now being banned? Are contaminants
now being handled in a way that is safer for people
and the environment? These are important questions
since most contaminants found in the North come
from further south, and from other parts of the world.

The final part of this Highlights Report takes the
results of the research on contaminants and draws
out some important observations, conclusions and
recommendations. For example, are there contami-
nants or effects (on the environment, in wildlife, or in
people) that we should know more about? What
about the new contaminants which have only
recently been discovered in the North? How is the
changing climate (warmer temperatures, changes in
rainfall and snow) going to affect contaminants? Are
there gaps in the health studies? The answers to
many of these questions will help guide future work.
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1.5 The Canadian North

There are many definitions of the Canadian North.
In this and the other CACAR reports, the Canadian
North is composed of the three territories of Yukon,
Northwest Territories and Nunavut, together with
Nunavik (northern Québec) and the north coast of
Labrador. Together these areas comprise approxi-
mately 60% of Canada’s total land area.

1.5.1 Peoples

The peoples of northern Canada are diverse and
distinct. Northerners are a varied group, composed of
Aboriginal peoples such as Inuit, Dene, Métis and
Yukon First Nations, and the non-Aboriginal population.

Just over one-half (56,000) of the total population of
about 100,000 is Aboriginal. Yukon First Nations live in
14 First Nations throughout the Yukon. Dene live in five
regions of the Northwest Territories, in an area known
to them as Denendeh; Métis people also live primarily
in Denendeh; and Inuit live in Nunavut, Nunavik and
Labrador, and in the Inuvialuit Settlement Region in
the Northwest Territories.

Yukon First Nations have legends and stories that tell
about their origins, how the world started, and how
everything came to be as it is. From the earliest times
the people have defined themselves by the environ-
ment and the animals. This is at the very essence of
all that is important to Yukon First Nations. Over
thousands of years the people in the Yukon settled
into traditional territories and developed distinct
languages and cultures, and this is how the various
groupings are defined today.




ITK/Eric Loring

Dene live in 29 communities in five regions in
Denendeh (part of the Northwest Territories):
Akaitcho (Treaty 8), Tlicho (formerly Dogrib Treaty 11),
Deh Cho, Sahtu and Gwich’in. Contact between
Dene and non-Aboriginal people is relatively recent,
with most contact occurring after the 1850s.

The Métis in the Northwest Territories originate prima-
rily from Métis families further south. Some moved to
the Northwest Territories from Saskatchewan after
the Battle of Batoche in the 1890s. Others trace their
lineage to the Red River Settlement in Manitoba in
the late 1700s.

Inuit have lived in the northern and eastern parts of
northern Canada during the past 5,000 years. They
also live in Alaska, eastern parts of Russia and in
Greenland. More than 40,000 Canadian Inuit live in
communities in the six Inuit regions: Inuvialuit,
Kivallig, Kitikmeot, Baffin, Nunavik, and Labrador.

Aboriginal peoples, through a close relationship with
the environment and the teachings that have been
handed down from previous generations, hold a vast
and intricate knowledge of the lands, waters, plants
and animals that have sustained them for thousands
of years. Because of an acute awareness of how
the environment functions and changes, they conse-
quently are often the first to point to any change.

Many profound changes have occurred over the past
six years or so in the Canadian North. The new terri-
tory of Nunavut has been created, and land claims
continue to be negotiated, settled and implemented.
Similarly, there have been major social changes. Young
people continue to make up more of the total popula-
tion, and it has become important to provide them
with the basis for a good life through education, train-
ing and employment. The average age of Northern
peoples, especially Inuit, is lower than the average age
of other Canadians. A greater proportion of the popu-
lation in northern communities is composed of young
people compared to the rest of Canada.

The way of life of many northerners has changed
over the past several years. There is an increase in
wage labour and broader access to store-bought
items and food shipped in from southern locations.
Despite these changes, traditional/country food
remains central to cultural identity as well as to
social, economic and mental well-being.

1.5.2 Landscape and wildlife

The North is a vast area with geographic and ecolog-
ical diversity. From the forests of the Yukon to the
high Arctic tundra to the fjords of Labrador, there are
a number of ecosystems, and fish and wildlife habi-
tats. Parts of the Northwest Territories and all of
Nunavut are located north of the treeline. The
Denendeh landscape in the Northwest Territories
includes mountain ranges in the west. Particularly
significant features are the lakes, rivers, bogs and
marshes. Nunavik and Labrador have mountainous
areas, river valleys and deltas as well as tundra.
Coastal, marine and terrestrial environments extend
over very large areas.

Even across the same latitude, where there are similar
extreme seasonal changes in the amount of daylight
and darkness, the climate varies greatly from west to
east. Average temperatures decrease as one travels
towards the north and the east and the summer
season becomes progressively briefer. As one would
expect, these variations in landscape and climate
mean that the wildlife found in these areas also are
quite different from west to east and south to north.
Whereas loche (burbot). moose and caribou and may
be very important fish and wildlife (food) species in the
west, seabirds, seals, whales and caribou (different
herds) dominate further north and east.



The biodiversity and geographic, climatic and cultural variations make
it challenging to design and run a program such as the NCP. The

people and the species they consume may be completely different “Inuit foods give us health,
depending on their location. The types and amounts of contaminants ) . .
taken in by fish and wildlife from the physical environment require a well-being, and identity.

flexible program across the North that can be adapted to local and

regional requirements. Inuit foods are our way of

life ... Total health includes

Biodiversity and geographic, climatic and spiritual well-being. For us

cultural diversity make it challenging to design to be fuIIy he althy we must

and run a program such as the NCP.
have our foods, recognizing

the benefits they bring.

1.6 The value and benefits of

traditional/country food Contaminants do not affect

our souls. Avoiding our food
Traditional/country foods have nutritional, cultural and other health 9

benefits not found in alternative foods in the Canadian North. These from fear does.”

benefits are identified through traditional knowledge and western

science. Aboriginal peoples and scientists believe that the benefits (Egede, 1. 1995. Inuit food and Inuit

and value of harvesting and eating traditional/country foods exceed health: Contaminants in perspective.

the currently known risks posed by contaminants. Speech made to Inuit Circumpolar
Conference, 7th General Assembly,

Aboriginal peoples consider certain foods to have special properties July 1995. Nome, Alaska.)

that others do not. At Sanikilluag (Sanikiluag), for example, people
find that certain foods such as seals generate body warmth and
strength in a way not possible with imported foods. Traditional/
country foods also form an essential basis for personal and
community well-being.




“When | eat traditional food
| know who | am.”

(translation —
you are what you eat)

.,

Among the Aboriginal peoples of the Canadian North, the integration
of the body and soul is accomplished through capturing, sharing and
consuming traditional/country food. The cultural aspects of harvest-
ing such as sharing and communal preparation of food are important
to individual and community health.

The social and cultural aspects of harvesting such as sharing
and communal preparation of food are important to individual
and community health.

There are also economic realities which influence how much
Aboriginal people rely on traditional/country food. This food is an
economic necessity for many Aboriginal northerners. Employment
and incomes are often low, and the cost of nutritional imported food
is very high in many northern communities. Relying on nutritious
store-bought food to feed a family of four for one year would cost
approximately $12,000.

The benefits of consuming traditional/country food along with the
risks posed by contaminants in this food are looked at throughout
this Highlights Report. This is to ensure that a balanced picture is
provided to those making decisions on whether to harvest and eat
traditional/country food. More information on the nutritional and other
benefits and risks of traditional/country food is provided in Chapter 4.
Overall, traditional/country food provides valuable and unique nutri-
tional, cultural, spiritual, economic and social benefits, most of which
are irreplaceable.

Aboriginal peoples and scientists believe that the benefits
and value of harvesting and eating traditional/country foods
exceed the currently known risks posed by contaminants.
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1.7 The Northern Contaminants
Program (NCP)

The Northern Contaminants Program (NCP) was
established in 1991 in response to studies in the mid-
1980s that showed the presence of contaminants

in northern ecosystems. These contaminants are
released into the environment from industrial activities
and agricultural practices, which are occurring prima-
rily outside the North. The three main contaminant
groups of concern are persistent organic pollutants
(POPs), heavy metals and radionuclides.

The NCP is managed by the Indian and Northern
Affairs Canada in partnership with other federal
departments (Health, Environment, and Fisheries and
Oceans), the Yukon, Northwest Territories and
Nunavut governments, and four northern Aboriginal
organizations — Council of Yukon First Nations,
Dene Nation, Inuit Tapiriit Kanatami, and Inuit
Circumpolar Conference. The Metis Nation—-NWT
was also a partner from 1997-2000. Much of the
strength of the NCP is derived from this partnership
approach. Bringing a grassroots perspective into the
NCP has been a learning process for the program
overall and has resulted in what the NCP is today.

Elements that have been essential to the success

of the NCP include: adaptability and flexibility; a
non-hierarchical structure; decentralized and shared
decision making; a partnership approach; participation
of local peoples within the NCP structure; sound,
credible and leading science; innovative, ongoing and
two-way communication; and capacity building.

The aim of the NCP is to work towards reducing
and, where possible, eliminating contaminants in
traditionally harvested country food, while providing
information that assists individuals and communities
in making informed decisions about food use.

The first phase of the NCP ran from 1991-1997 and
focussed on locating the various sources of contami-
nants, how these get to the North (transport path-
ways), and what happens to them when they arrive.
This phase of the program also looked at the levels
of contaminants found in northern ecosystems and
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humans, and how these levels changed with time
and from place to place. Education and communica-
tion of contaminants information with northerners
was heavily emphasized, and led by the Aboriginal
organizations. The results from the first phase were
used in international negotiations to restrict contami-
nants. The first CACAR summarizes the results from
the first phase.

The aim of the NCP is to work towards
reducing and, where possible, eliminating
contaminants in traditionally harvested country
food, while providing information that assists
individuals and communities in making
informed decisions about food use.



Phase Il of the NCP started in 1998 and will run

until 2003. It has been funding research on northern
contaminants issues at approximately $5.4 million per
year. In addition, the NCP supports the participation
of Aboriginal organizations in the NCP. The emphasis
of Phase Il is on expanding research on the implica-
tions (benefits and risks) of consuming traditional/
country foods for human health; developing effective
community communication; and continuing work on
international agreements to restrict contaminants.

The long-term strategic direction and priorities of the
NCP are laid out in a series of “blueprint” documents.
They outline the objectives, goals and priorities for
research and activities supporting the overall aim of
the NCP, and serve as a guide for annual funding
decisions. The NCP research project proposal review
process ensures that the work carried out under the
program is scientifically defensible, consistent with

the vision and priorities set out in the blueprints, and
socially and culturally responsible in a northern context.

The current design of the NCP is strategic in that it
provides (or supports) infrastructure, people and plans
to gather important data related to contaminants,
communicates the results to northern communities in
a sensitive manner, and makes use of the results to
bring about change through international negotiations.

Addressing the issue of contaminants is not only a
matter of finding the answers to scientific questions
such as: What contaminants are there and at what
levels? Where in the ecosystem are they found?
Where do they come from? How did they reach the
Canadian North? What do we do about them? There
is also the very immediate concern about the conse-
quences of these findings for the health of northern
people, particularly Aboriginal people. Harvesting and
consuming traditional/country food is as integral to
the social fabric and cultural identity as it is to good
nutrition and overall health and economic well-being.

The traditional knowledge (TK) of the northern
Aboriginal peoples, together with western science,
have made valuable and complementary contributions
to defining the problem of contaminants in northern
Canada and setting priorities under the NCP.

TK is unique to each Aboriginal culture, community
and individual. The NCP describes TK as an “existing
Aboriginal knowledge system of lands, water,
climates, seasons, and related animal behaviours

in an Aboriginal territory, based on ancestral experi-
ences, oral history, and subsistence harvesting and
traditional use of plants and animals, as well as the
use of historical waterways, trails, and other nomadic
travel paths”.



Northern Aboriginal peoples recognize the ways in which western
science can help with concerns about contaminants. Conversely,
research scientists recognize the value of the knowledge of local
people, which gives them a perspective on wildlife and environmental
systems that can assist in scientific research.

The traditional knowledge (TK) of the northern Aboriginal
peoples, together with western science, have made valuable
and complementary contributions to defining the problem of
contaminants in northern Canada and setting priorities under
the NCP. In Phase I, TK has become increasingly important.

In Phase Il of the NCP, TK has become increasingly important. One of
the Aboriginal Partners, the Council of Yukon First Nations, produced
the document Traditional Knowledge Research Guidelines, and the
Dene Nation produced TK for Dummies: The Dene Nation Guide to
Traditional Knowledge. The latter publication was produced as a result
of discussions among Elders, scientists and youth at the Dene
Elders/Scientists Retreat, which was sponsored by the NCP.

The interests and concerns of individuals and communities in the
North about contaminants, food sources, and health and environ-
ment in general have played a key role in setting the NCP agenda.
This grassroots perspective has been brought into the NCP process
by connecting with people in communities, meeting concerns, and
conducting research that will provide answers about the traditional/
country foods that are so important.

The NCP is now concluding Phase Il. The results are being analyzed
and will be used to help determine what work needs to be done in
the future.
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“Without TK and the ability
to observe changes from
historical patterns, it is
likely that some very good
research projects might
have been delayed or
reduced in scope.”

(T.K. Gussman Associates Inc.
2002. Evaluation of the Northern
Contaminants Program Phase Il
Final Report. April 2002.)
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Contaminants —
Sources, Transport Routes, and
Levels inthe North

2.1 Contaminants and
their sources

The three main categories of contaminants studied
through the NCP are heavy metals, persistent
organic pollutants (POPs) and radionuclides.

2.1.1 Are contaminants natural or
made by humans?

Some contaminants have natural and human-made
sources. However, human activities are responsible
for most of the contaminants in northern Canada.
The POPs studied under the NCP are almost entirely
human-made. Heavy metals and radionuclides have
both natural sources within the North and human-
made sources around the world. Most radionuclides
(except for cesium) come from natural sources, and
the heavy metals including mercury are also found in
the natural environment.

Most human-made contaminants arrive in the
North on air currents from sources outside of
the Canadian North.

2.1.2 Most contaminants come from
outside the North
Most human-made contaminants in the North come
from sources outside of the Canadian North. Most
arrive directly from other countries through the atmos-
phere. Some may also arrive by a mechanism known
as the “grasshopper effect”. Oceans also transport
contaminants but it can take years for contami-
nants to reach the North by these routes
compared to just days in the air. Once
contaminants have arrived in the North,

sea ice is important for moving them in the marine
environment. Rivers (particularly those in Russia) are
also thought to transport contaminants from land into
the northern marine environment.

Computer models are being used to predict how
contaminants move through the atmosphere from
their source regions to the North. These models are
also being used to estimate the levels of contami-
nants actually reaching the North compared to the
levels that fall into the oceans or onto land further
south. The models also predict how quickly the
contaminants will disappear.

11
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Examples of contaminants studied in the NCP, their uses and sources

Contaminant

Why does it exist? What is it used for?

Where does it come from?

Persistent organic pollutants (POPs)

« polychlorinated biphenyls (PCBs)

« dichlorodiphenyltrichloroethane (DDT)

« toxaphene

« endosulfan

« chlordane

« hexachlorocyclohexanes (HCHs) including
lindane

« chlorinated paraffins (PCAS)

« polychlorinated naphthalenes (PCNs)

« polycyclic aromatic hydrocarbons (PAHS)

« brominated fire retardants (e.g., poly-
brominated diphenyl ethers — PBDES)

« butyltins

« used widely as coolants and lubricants in trans-
formers, capacitors, and other electrical equipment
« found in old electrical transformers

« pesticides used mainly in agriculture to Kill pests
(e.g., unwanted animals such as insects) or to
prevent human diseases

« used in making plastics and in materials to reduce
the risk of fire

« used in electrical insulation fluids and as wood
preservatives
« also come from burning metal waste and garbage

« produced whenever something is burned, from
meat to vehicle exhaust to industrial sources

« used in materials to reduce the risk of fire

« used in e.g., special paint to prevent unwanted
growth of plants or animals on ship hulls

« mostly locally contaminated soils/plants, landfill sites,
and also can be created when burning

« northern hemisphere, particularly mid-latitudes, including
North America, Asia, Europe

» mostly industrial sources in the northern hemisphere

« mostly industrial sources in the northern hemisphere

« mostly industrial sources in the northern hemisphere

» mostly industrial sources in the northern hemisphere

« from passing ships

Heavy metals

« mercury and methylmercury

« are all naturally occurring elements in rocks and soils

* cadmium « released to the environment from mining and « mostly Europe, Asia and North America
o lead smelting (processing) metals
« lead is released from coal-burning power stations,
incinerators and from burning leaded gasoline
« mercury can also be released from flooded lands
when reservoirs are created
Radionuclides
« cesium « except for cesium, are naturally occurring radioactive |  mostly natural sources in the Canadian North
] elements in rocks and soils -
« polonium « some very limited transport from northern Europe
o Uranium « can be released to the environment from atmospheric and Russia

testing of nuclear weapons, dumping of nuclear
waste, and nuclear accidents




Sources of agricultural
and industrial contaminants

- Industrial
- Agricultural

For example, hexachlorocyclohexanes (HCHSs) are
transported to the North in both the atmosphere and
the oceans. In contrast, only a small proportion of
polychlorinated biphenyls (PCBs) released to the
atmosphere reach the North. Most PCBs are now
found in the soil in areas near where they were used.

2.1.3 Local sources of contaminants
It is important to remember that there may be local
sources of some contaminants (e.g., from harbours
and military sites) which pose a real concern at a
local level. Local sources are not the reason for the
widespread presence of contaminants in the
Canadian North, but they may dominate in certain
locations. The NCP deals with local sources of
contaminants or their levels in the environment
through the Local Contaminants Concerns projects.
While most research undertaken through the NCP
deals with contaminants that have been transported
long distances from southern sources, many
community concerns are local and site-specific.
Local contamination may be found at some 2000
military sites, abandoned mines and exploration sites,
former construction sites and small industrial sites.

Certain sites have been identified as a high priority
for cleanup. PCBs, mercury, arsenic and radio-
nuclides are the main contaminants of concern.

T
‘:L/ Dominant Air Currents

Transport of Contaminants

by Winter Air Currents
Contaminants are a global problem.
Winter winds carry contaminants
from major industrial areas in Asia,
Europe, and the eastern United
States to the circumpolar Arctic.

Local sources are not the reason for the
widespread presence of contaminants in the
Canadian North, but they may dominate in
certain locations.




Examples of sites with local contaminants concerns (not funded by NCP)

Contaminant | Concern Levels Conclusion
Resolution Island, Nunavut PCBs leakage of PCBs into the | PCBs not considered a risk to humans or to meet legal requirements,
(radar base) marine environment fish and wildlife soils containing PCBs
should be removed
Saglek, Newfoundland and PCBs possible high levels of most PCBs found within 3 km of the site; most PCBs are now
Labrador (DND site) PCBs in soils, plants and | some PCBs found up to 30 km away; mice | contained; decisions
sediments in the area right at the site found to have very high levels | needed on what to do with
of PCBs; caribou at the site have somewhat | marine sediments
elevated levels in muscle; marine sediments | containing PCBs
within 1 km of the site have elevated PCB
levels; ringed seals have slightly elevated
levels of PCBs, but Arctic char do not; black
guillemot muscle and eggs have PCB levels
about 4-5 times higher than levels found in
birds well away from Saglek; the levels
found in the black guillemots may be high
enough to cause health effects in the birds
Giant Gold Mine, arsenic arsenic levels in the soils | lake sediments near to the mine have high need to address the long-

Northwest Territories

and water of the area

levels of arsenic that exceed the interim
freshwater sediment quality guideline; effects
of the arsenic are likely on the animals and
plants but these have not been studied;
arsenic levels in the soils within Yellowknife
(Sombak'e) are elevated but levels in berries
not considered of concern for health;
vegetables grown in city gardens have levels
of arsenic about ten times that of store-
bought vegetables; there is no indication of a
health risk from eating home-grown
vegetables; Giant Mine is downstream of the
intake for the city’s drinking water and
therefore has no impact — tests show the
water to be safe with respect to arsenic;
some subsurface water contains elevated
levels of arsenic from the Giant Mine

term management of
arsenic at Giant Mine
(currently being studied by
Indian and Northern Affairs
Canada); releases of
arsenic to Back and
Yellowknife Bays need to be
reduced to under 2,000 kg/
year to ensure there is no
risk to fish, wildlife or
human health

Port Radium Mine,
Northwest Territories

radionuclides

levels of exposure to
radionuclides

in the past, mine waste deposited in Great
Bear Lake (Sahtt) and elsewhere nearby;
highest levels of radionuclides are found at
certain locations at the mine site; most
waste is well-contained

some cleanup needed for
an area 2-3 hectares in
size (Indian and Northern
Affairs Canada has been
working to clean up the
site over the years)

Railway Tie Plant, Carcross,
Yukon

dioxins and
furans (from
chemicals used
to preserve
railway ties)

leaks of dioxins and
furans into the soils and
water nearby

high levels of dioxins and furans found at
some locations at the plant; at locations
upstream and downstream from the site,
sediments show elevated levels but all levels
are lower than the guidelines; fish also show
slightly elevated levels but these are not
thought to be of concern since they are still
very low

the source of
contamination has been
contained and is being
cleaned up; monitor levels
in the future to track
changes



In warm temperatures
POPs evaporate

The Grasshopper Effect

L] o L] s & POPs (persistent organic pollutants)

POPs move in air by
winds to colder places
such as the North

In cold temperatures
POPs condense and
fall to earth

POPs can be transported by one or more “hops” consisting of 1) evaporation, 2) travel in the atmosphere and 3) condensation in colder
regions. Once POPs reach the North, because of the colder temperatures, they may accumulate rather than evaporate again and be

transported away.

POPs Source Region

Most research undertaken under the NCP deals
with contaminants that have been transported
long distances from southern sources.

The potential consequences of contaminants for
residents in northern Canada can be of greater
concern than they are for other Canadians.

2.1.4 Contaminants travel long
distances and are found everywhere
around the world

Contaminants do not affect only the Canadian North.
Air and ocean currents transport contaminants to
many other parts of the world where levels of contami-
nants are often much higher than those found in the
North. An exception is HCHs in seawater. Levels of
these pesticides are higher in northern waters than
elsewhere because of their long persistence.

The presence of contaminants in the North is,
however, of special significance. Northern people, in
particular Aboriginal northerners, depend much more
on traditional/country food, and have fewer accept-
able alternatives, than most other Canadians. A few
of these traditional/country foods may contain levels
of contaminants that may be of concern to health.
Chapters 3 and 4 discuss this in more detail.
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In contrast, Canadians in southern regions generally
have access to fresh, healthy and affordable store-
bought food, and for the most part do not have a
culture closely linked to harvesting and eating tradi-
tional/country food. The Canadian Food Inspection
Agency monitors contaminants in store-bought food
but not in traditional/country foods.

In the North, traditional/country food is an integral and
important part of the way of life, and store-bought
food is often poor in quality with prices beyond the
reach of most residents. Even where store-bought
food of good quality is available, it cannot replace the
cultural and nutritional benefits of harvesting, sharing
and eating traditional/country food. Therefore, the
potential consequences of contaminants for residents
in northern Canada can be of greater concern than
they are for other Canadians.

Pesticide residues can take a long time to
disappear. These will continue to evaporate
and be transported to northern Canada for
many years.

16

As long as contaminants are still being
produced and used in other parts of the world,
they will continue to be released to the
atmosphere and oceans and transported to
the Canadian North.

2.1.5 Can we expect contaminant
levels in the Canadian North to
decrease or increase in the future?

In some cases contaminants come from countries
that are still actively producing and using them
(e.g., DDT, endosulfan and dieldrin). As long as
these contaminants are still being produced and
used in other parts of the world, they will continue
to be released to the atmosphere and oceans and
transported around the world, including to the
Canadian North.

Some contaminants are no longer being produced or
used in the world, or they are being used much less
than before, and are subject to international restric-
tions. These include many POPs such as some of
the HCHs, PCBs, chlordane and toxaphene. It is
expected that levels of these contaminants in the
Canadian North will continue to decrease with time.

Some pesticides, however, can still be found on agri-
cultural land even years after they were last used.
These pesticide residues can take a long time to
disappear. Lindane (a type of HCH) and toxaphene
are examples of pesticides that now primarily exist
as residues on agricultural lands in southern regions.
Computer models are making it easier to predict
how quickly these residues evaporate into the
atmosphere. This information can indicate how
many more years these pesticides will be transported
to northern Canada.

Some “new” human-made contaminants have been
found (usually at very low levels) in the North. These
new contaminants are being produced and used in
many parts of the world. If these continue to be used
they can be expected to continue to show up in the
Canadian North, possibly at higher levels.



2.2 Why look at contaminants in
the physical environment?

This chapter of the Highlights Report focusses on
the latest results from the NCP research concerning
sources and transport of contaminants in the
Canadian North, and what happens to contaminants
once they arrive. For a more general discussion of
contaminants and their transport to the North, and
to learn about the results from the first phase of the
NCP, please refer to the first CACAR.

The North is particularly vulnerable to certain
contaminants. Because of the cold climate, POPs
disappear more slowly and persist longer than they
do in southern regions. Many contaminants travel to
the North on air currents from sources outside the
North which are beyond the direct control of north-
erners. Once they arrive in the North, they usually
remain as there is nowhere else for them to go.

Contaminants are found in northern waters, soils,
sediments, snow, rain, ice, and in the air (i.e., in all
of the northern physical environment). The levels of
these contaminants are very, very low and in some
cases undetectable. Contaminants measured in the
physical environment are at such low levels that they
pose no risk to human health.

However, contaminants can get into the food web
where they can become a cause for concern.
Because animals can store contaminants for a long
time in different parts of their bodies (through bioac-
cumulation and biomagnification), their contaminant
levels may become higher than the levels found in
the surrounding physical environment. Sometimes
levels in wildlife can become so high that there is a
risk they could cause health problems in both wildlife
and the people who consume them. Because a
significant proportion of northerners eat traditional/
country food, compared to southerners they are
exposed to a greater degree to contaminants in their
diet. Information about contaminants is very impor-
tant for the people who need to make decisions
about harvesting and eating traditional/country food.

Measuring the levels of contaminants in the physical
environment gives us the first part of the whole
picture. If contaminants are found in the air, on the
land (in the soil or on snow), in lakes or rivers, and in
the marine environment, then there is a chance that
they will be accumulated by plants and animals and
enter the food web.
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Exactly where contaminants are found, e.g., close to
the sea surface, or deeper in the water; in lake sedi-
ments or in free-flowing water provides clues as to
which animals and plants are more likely to accumu-
late contaminants. For example, land animals such
as caribou are more likely to accumulate contami-
nants that are on or in vegetation than contaminants
found in the air or water. Most animals accumulate
contaminants from their food.

Some northern locations contain more contaminants
than others. This information can be valuable, for
example, if someone wants to know whether
contaminants may be causing a problem in a particu-
lar area, or how one area compares to other areas in
the Canadian North or circumpolar Arctic.

Some contaminants transform into different forms
which may be more or less toxic than the original
contaminants. For example, mercury can transform
into an organic form called methylmercury.
Methylmercury is more toxic than the original form of
mercury (elemental mercury). The physical environ-
ment contains elemental mercury, but once this
mercury reaches fish and wildlife, it is often trans-
formed into the more toxic methylmercury. Some
contaminants, particularly POPs, also disappear, but
at different speeds, so some of these contaminants
may be present much longer than others. Heavy
metals do not disappear.

The North is particularly vulnerable to
contaminants. POPs disappear more slowly and
persist longer than they do in southern regions.
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“Temporal trend” studies provide evidence as

to

whether or not the national and international

restrictions placed on a number of contaminants

are working.

Research on contaminants in the physical environment
is useful because it sheds light on factors such as
levels, occurrence and toxicity. Another reason to meas-
ure contaminants in the northern physical environment
is to find out whether levels are changing over time (i.e.,
whether levels are increasing, decreasing, or staying the
same). These are called “temporal trends” and they can
show whether wildlife (and humans) are being exposed
to increasing (or decreasing) amounts of contaminants.

“Temporal trend” studies also provide evidence as to
whether or not the national and international restric-
tions placed on the production and use of a number
of contaminants are working. Are we seeing lower
levels of contaminants that are now banned or
severely restricted in their use? It is hoped that such
restrictions will lead to fewer and lower levels of
contaminants reaching the Canadian North and else-
where in the world.

For those contaminants that are not yet restricted
or banned, measuring levels in the physical environ-
ment and understanding how they get to the North
is essential when deciding whether to establish
new restrictions.

Contaminants measured in the physical

environment are at such low levels that

they pose no risk to human health. However,

once they get into the food web, contaminants

can become a cause for concern.
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2.3 Contaminants in the northern
physical environment — the air,
lakes and rivers, soil, snow,
sediments and marine waters

In the first phase of the NCP, the focus was on identi-
fying the sources and levels of various contaminants
finding their way to the Canadian North. Under Phase
I, more emphasis has been placed on monitoring the
transport and levels of contaminants in the atmos-
phere. A major objective is to develop a sound scien-
tific basis for international action to reduce the input
of contaminants into the circumpolar Arctic from
distant sources. Particular priorities for Phase |l are:

e o monitor the trends over time of contaminants
in the atmosphere, to assess whether levels are
increasing or decreasing in response to national
and international controls

e to research which atmospheric transport routes
bring contaminants to the North, and the levels
of contaminants carried on each route

e to look at mechanisms that affect how contami-
nants are made available to plants and animals
(especially marine fish and wildlife)

e to research the transfer of mercury between the
atmosphere and the ocean, and determine what
happens to mercury

e to identify whether there are other contaminants
of concern in the North

2.3.1 Contaminants in the atmosphere
The Canadian northern atmosphere generally
contains lower levels of POPs and heavy metals than
found over most other countries in the circumpolar
Arctic. Both measurements and computer models
(computer programs which are used to imitate the
real atmosphere) show that the levels of most POPs
and heavy metals in the air are declining slowly right
across the Arctic, including over northern Canada. As
most of the contaminants reaching the North arrive
on air currents, this is very positive news.
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Alpha-HCH levels are decreasing over time, following a similar decrease in emissions of alpha-HCH around the world. By the late
1990s alpha-HCH levels in circumpolar air were only about one-ninth of 1980s levels. This means that much less alpha-HCH in air is
now available than before to plants and animals.

Under Phase Il, more emphasis has been 2.3.1.1 Mercury and other heavy metals
placed on monitoring the transport and levels Mercury (and other heavy metals) in the air at Alert,
Nunavut is being measured but more data are
needed to indicate if levels are increasing, decreasing
or staying the same. Mercury levels in fish and wildlife

of contaminants in the atmosphere. A major
objective is to develop a sound scientific basis

for international action to reduce the input of are generally not changing except in a few locations
contaminants into the circumpolar Arctic where levels are increasing (see Chapter 4 for more
from distant sources. information). Scientists are continuing research to

understand what is happening.

Changes in the air currents over the North mean that
the levels of various heavy metals measured at Alert
fluctuate from season to season.

Why do we measure contaminants in the air at remote locations?

Contam/nants are measured at a number of meteorological (weather) and atmospheric (air) monitoring
stations around the circumpolar Arctic including stations in northern Canada.

Most of these stations have been operating for many years and are located in areas useful for atmospheric
research in the northern atmosphere. They are usually not located near northern communities in order to
minimize effects such as local air pollution. Although these stations may be distant to areas of direct inter-
est to northern people, data from these stations is quite valuable for understanding how contaminants
reach the Canadian North.

The data from monitoring stations, computer models and satellites show air currents, which can be several
thousands of kilometres long. Air currents from Europe, Russia and North America tend to dominate over

the central and eastern parts of the Canadian North, while currents from Asia influence the western part of
North America to a greater extent.
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The Canadian northern atmosphere generally
contains lower levels of POPs and heavy metals
than are found over most other countries in the
circumpolar Arctic.

_

Russia

The levels of most POPs and heavy metals are
declining slowly right across the
northern atmosphere.

In September, heavy metals likely come from natural
sources in the Canadian Arctic islands and western
Greenland; from western and northwest Europe in
late fall and winter (mainly from human-made
sources); and from Asia and Russia in late spring and
summer (again from human-made sources). The
Russian northern atmosphere contains a number of
metals including calcium, aluminium, manganese,
copper, zinc and lead at 3-4 times the levels meas-
ured at Alert or at Barrow, Alaska. (Mercury was not
included in the comparison.)

Mercury levels in the air are fairly stable during
September-March, but during the spring the levels
drop. Recent research has shown that a special
mechanism is at work at this time of year — the
polar sunrise phenomenon.

@ Air monitoring locations
@ Observed mercury depletion events

@ Both

Locations of air monitoring data used in NCP research, and locations of observed mercury depletion events
Mercury depletion events have also been observed in Russia and Antarctica. Such events may be important for bringing mercury to
the Earth’s surface, thus making it more available to plants and animals.
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Each year, just after the sun reappears after
the long polar night, atmospheric mercury is
transformed and deposited onto the snow
surface where it becomes available to plants
and animals.

Polar sunrise and mercury

c anadian scientists have recently made
significant advances in the knowledge of
atmospheric mercury in the Arctic. The discov-
ery of a northern springtime drop in the levels
of atmospheric mercury has led to subsequent
discoveries of how mercury is transformed and
deposited in the Arctic.

Each year, just after the sun reappears after the
long polar night (polar sunrise), mercury is
converted to a different form. This new form of
mercury is much more easily deposited onto the
surface (usually snow or ice at this time of year)
than the original form of mercury. The transfor-
mation and removal of this new form of mercury
from the atmosphere onto the surface is called a
mercury depletion event (MDE). Measurements
show that more mercury is found in the snow
after a MDE, though some may be released
back into the air from the surface.

Some of the new form of mercury in the surface
snow dissolves in water, and may be converted
into methylmercury — the most toxic form of
mercury for wildlife and humans. This happens
at the time of year when plants and animals are
Starting to prepare for peak summertime activity
and when they are more vulnerable to picking
up the toxic form of mercury.

Although first discovered in Canada, the

same phenomenon has been seen at other
northern locations (e.g., Ny Alesund on
Svalbard, northern Norway; Barrow, Alaska;
and Amderma, Russia). It has even been found
to occur in Antarctica.

More research is needed to provide a better
understanding of what is happening, and to
determine the overall significance of this event
for fish and wildlife in the northern environment.

ITK/Eric Loring

Scientists cannot yet say whether levels of
mercury are increasing or decreasing in the air
over northern Canada.

2.3.1.2 Persistent organic pollutants

Most POPs are declining in the atmosphere over
northern Canada. The main exceptions are the insecti-
cides dieldrin and endosulfan (which is still being used
in parts of the world) which are still increasing. From
time to time some pesticides increase briefly in the
atmosphere over the Yukon, especially during the
winter months. It is believed that these pesticides
come from Asia and are carried to the western part of
North America on strong air currents during the winter.

Decreases in the HCH pesticides in the atmosphere
across the Canadian North are undoubtedly a result
of restrictions on their use. One of these HCH pesti-
cides (lindane) is still used for agricultural purposes
by China and the United States. Canada used to be
one of the biggest users, applying lindane mostly to
agriculture land in the prairies, southern Ontario and
south of the St. Lawrence River in Québec. A volun-
tary agreement, however, was reached to restrict the
use of lindane in Canada starting with the 2002
growing season.

It is likely that the lindane residues in Canada are
finding their way to the Canadian North. Residues
from other countries, especially France (which no
longer uses lindane) and China, may also be finding
their way to northern Canada.

Dieldrin and endosulfan levels are still
increasing in the northern atmosphere.
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Some pesticides are carried to the western part

of North America from Asia on strong air

currents during the winter.

Toxaphene, another banned or highly restricted pesti-
cide, has also been declining in the atmosphere over
northern Canada and Russia. Most of the toxaphene
still reaching the Canadian North is likely to be
coming from the soil residues of toxaphene used in
the United States before the ban came into effect.

Decreases in the HCH pesticides in the

atmosphere across the Canadian North are

undoubtedly a result of international and

national restrictions on their use.
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2.3.1.3 New persistent organic pollutants
Several contaminants not previously studied under
the NCP have now been found in the atmosphere
over the Canadian North, though only at very low
levels. Data have been collected only recently, and it
is too early to tell if levels are going up or down.
More monitoring is needed to tell whether there are
any long-term trends.

The new POPs include (brominated) flame retardants
(which are added to materials to reduce the chance
of fire), chlorinated paraffins (PCAs) and chlorinated
phenols. The flame retardants are widely used and
may be of concern because they can easily enter the
food web.

One of the flame retardants, polybrominated diphenyl
ethers (PBDEs), is now found across the Arctic at
extremely low levels. The air over Tagish (Yukon) and
Alert (Nunavut) have higher levels than those found in
the air over Dunai Island (Russia). Interestingly, all
these levels are considerably higher than those found
over Chicago (USA) or the Great Lakes.



Local burning of garbage in the Tagish area (i.e., a
local source of PBDEs) may have resulted in higher
levels there, but scientists cannot yet explain why
levels at Alert are higher than those in the heavily
populated areas of North America.

Other POPs now being detected in the North include
polychlorinated naphthalenes (PCNs), which are used
for purposes similar to PCBs; different types of PCBs
known as coplanar PCBs; and octachlorostyrene
(OCS) (which is a by-product of manufacturing
processes that use magnesium and chlorine). All the
levels are very low. PCNs are widely found in the
atmosphere in northern regions as well as further
south. Levels of PCNs appear to be associated mostly
with haze in the winter and early spring. Scientists are
still trying to find out if sunlight breaks down PCNs in
the atmosphere during the summer months.

Several of the other contaminants (e.g., OCS and
chlorinated phenols) have been detected in the
atmosphere but scientists are not clear on where
they come from, or why they are found at higher
levels in some locations and not others. Overall levels
are very low.

2.3.2 Contaminants in lake sediments
Sediments can be difficult to analyze for contami-
nants, particularly if the sediment layers have been
disturbed. What is undisputed, however, is that a
wide variety of contaminants have found their way
into northern Canada.

Lake sediment cores suggest that, at least in some
parts of the Canadian North, more mercury has been
deposited during the past 100 years compared to
previous centuries. In Nunavut south of 80° N,
mercury levels appear to have doubled in lake sedi-
ments. These increases may be caused by increas-
ing mercury emissions into the atmosphere from
industrial sources in the south. Global climate change
may also be a cause, with more mercury being
released into the environment as the permafrost
melts, and more organic matter (which encourages
the transformation of mercury to the more toxic
methylmercury) being washed into lakes and rivers.

Some “new” human-made contaminants such

as the brominated flame retardants, chlorinated

paraffins and chlorinated phenols are now

showing up in the Canadian North.

Various different types of POPs have been found in
the sediments from several Yukon lakes (Watson
Lake, Hanson Lake, Fox Lake, Lake Laberge, Little
Atlin Lake, Kusawa Lake, Lindeman Lake and Coal
Lake), in Lake DVO09 in northern Devon Island,
Nunavut, and in Great Slave Lake (Tucho), Northwest
Territories. Some high Arctic lakes have also been
studied. None of these levels are of direct concern to
fish, wildlife or human health.

Often the maximum levels of the pesticides found in
sediments can be linked to when they were used
extensively in North America and other parts of the
world such as southeast Asia. In other cases, local
use of pesticides such as toxaphene, PCBs and DDT
are likely responsible. Levels of POPs, however, have
in general been declining over the past 20 years or
so at virtually all of the sites.

ITK/Eric Loring




Maximum levels of pesticides in northern
sediments can often be linked to when they
were used extensively in North America and
elsewhere in the world. At virtually all the
sites, POPs levels have been declining over
the past 20 years or so.

At one time toxaphene was used in both Canada
and the United States to eliminate fish from lakes.
At least one lake in the Yukon (Hanson Lake) was
treated in this way. Toxaphene is extremely persist-
ent, and despite a ban in the 1960s, the lake contin-
ued to be toxic for fish for many years. Hanson Lake
sediments continue to show toxaphene levels that
are more than 100 times higher than levels found in
the sediments of other Yukon lakes.

In Great Slave Lake (Tucho), POPs are usually found
more in the sediments at the mouth of the Slave
River (Desnedé) in the West Basin than elsewhere in
the lake. All levels are quite low, and fish are not
thought to pick up POPs easily from sediments.

2.3.3 Contaminants in marine waters
and sediments

Under Phase Il of the NCP, research focussed on
POPs and, to a lesser extent, on radionuclides in the
Arctic Ocean. Very little research was funded for
heavy metals in seawater under Phase Il of the
program; therefore no results for mercury or other
heavy metals in seawater are presented.

2.3.3.1 Persistent organic pollutants in
marine waters and sediments

HCHs are the most common contaminants found in
the Arctic Ocean. Levels are highest in the Canadian
Arctic islands, somewhat lower in the Beaufort and
Chukchi Seas and at the North Pole, and are much
lower in the Greenland Sea and northern Barents
Sea. HCHs leave the Arctic Ocean by travelling
through the Canadian archipelago and down the east
Greenland current. Some also disappear through the
action of microbes.

One HCH pesticide (known as alpha-HCH) used to
be transported mostly on air currents, but is now
arriving in the Canadian North more in ocean currents
flowing through the Bering Strait. In spite of the ban
on this pesticide some years ago, it can take many
years for pesticides in water to reach the Arctic, and
SO we may be seeing the effects of this delay.

Another HCH pesticide (known as beta-HCH) has a
strong tendency to bioaccumulate and is therefore
more likely than alpha-HCH to be a problem for fish,
wildlife and human health. In contrast to most other
pesticides, beta-HCH is deposited quickly into the
ocean from the atmosphere and transported north by
ocean currents. The highest levels are found in the
water of the Bering-Chukchi region.

PCBs are the second most common contaminant
found in Arctic seawater. However, they have not
been measured to the same degree as the HCHs.
In the central Arctic Ocean, most of the PCBs are
carried there on air currents, though some PCBs
arrive in the Arctic via the Bering Sea.

Endosulfan is more easily deposited from the
atmosphere into water than onto ice. Climate
change may affect how much endosulfan and
other POPs are transferred to the northern
marine environment, as the amount and

patterns of ice cover change.

ITK/Eric Loring
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The highest levels in the circumpolar Arctic are found in the Canadian Arctic islands. though these levels are still very low overall.
HCHs and other contaminants in marine waters are available to marine plants and animals, and levels often increase up the food web.

There are quite strong variations in the levels of PCBs
and other POPs in marine sediments throughout the
Canadian Arctic islands, northern Baffin Bay and in
Hudson Bay. All levels are very low and are not a
direct concern.

Toxaphene levels in seawater also vary from place to
place, and the highest levels in Canada are found in
northern Baffin Bay. The lowest levels are found in the
White Sea and northern Chukchi Sea, while levels in
the southern Beaufort Sea lie somewhere in between.

Generally, the Canadian Arctic islands and the
Beaufort Sea (near the shore) have higher levels
of DDT than the Chukchi Sea or the central
Arctic Ocean.

HCHs are the most common contaminants
found in the Arctic Ocean.

Unlike some of the other contaminants, the highest
levels of DDT are not always found at the ocean
surface. In July, levels are actually much lower at the
surface, and more DDT is found at a depth of about
200-250 m. This may be a result from DDT being
carried by organic matter from the surface to deeper
water in the spring.

Of the modern agricultural chemicals, only endosulfan
and lindane have been found in the Arctic Ocean.
Most of the lindane found in the Arctic Ocean is likely
to have been there for some time, having come from
Europe and Asia before many countries stopped

using it. Until recently, Canada was also using lindane.

Endosulfan is widespread in the eastern Arctic
islands and off Holman (Ulugsagtuug). Levels of
endosulfan are much lower than lindane but rise
slightly during periods of open water in the Canadian
Arctic islands.
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It is easier for this contaminant to be deposited from
the atmosphere into water than onto ice. For this
reason, climate change (which is expected to result
in more open water) may affect how much endosul-
fan (and other POPs) is transferred to the marine
environment in northern Canada and elsewhere in
circumpolar region.

The levels of PCAs in marine sediments correspond
to times when PCAs were being used extensively in
the south. Typically, it takes about 10 years for PCAs
used in the south to end up in northern marine sedi-
ments. We may now start to see levels of PCAs
decrease in northern sediments.

Low levels of PBDEs show up in sediments from the
Barrow Strait, medium levels in Penny Strait sedi-
ments and higher levels in sediments at Nanisivik.

Overall levels of PBDEs are very low and are not
currently of concern to wildlife or human health.

2.3.3.2 Radionuclides in marine waters

and sediments

Measurements of radionuclides are useful for monitoring
ocean currents. In the Arctic Ocean, iodine measure-
ments clearly show that Atlantic Ocean water meets
Pacific Ocean water near the Mendeleyev Ridge.
Measurements in the interior of the Canada Basin
show that some water has come from shelf north of
the Chukchi Plateau. Very few of the radionuclides
being released from European nuclear plants are
reaching the Canada Basin, though they are significant
locally. The studies did not look at the potential effects
of these radionuclides on fish or wildlife.
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Pathways for contaminants in the northern physical environment

Contaminants are emitted from agricultural and industrial sources in other parts of the world, and are carried to the North primarily
on air and water currents. They may fall to the surface directly, or in rain or snow, and end up in lakes, rivers, the ocean, surface
snow and ice. These contaminants may then make their way into plants and animals and increase up the food web.

These local European sources of radionuclides include
iodine and cesium, both of which are released into the
English Channel and Irish Sea. The radionuclides are
then carried into the Arctic Ocean. Background levels
of iodine in the Barents Sea have increased at least
500% since 1992. European nuclear facilities at
Sellafield (United Kingdom) and La Hague (France) are
the main sources.

Other human-made sources are found in the Kara
Sea and the Ob and Yenesey Rivers in Russia, and at
Amchitka in Alaska. Some of the highest plutonium
levels measured in the marine environment are found

Very few of the radionuclides being released
from European nuclear plants are reaching the
Canada Basin, though they are significant
locally.

in sediments near a nuclear weapons testing site on
Novaya Zemlya. Plutonium has found its way into the
eastern Barents Sea sediments, and is accumulating
in invertebrates and algae in this region.

2.4 How do contaminants end up
on the land, and in the lakes and
rivers? Do they ever disappear?

Some contaminants have a strong tendency to stay
in one part of the physical environment rather than
another. Once in the North, some contaminants stay
in the atmosphere while others fall easily to the
surface and stay in the snow, ice, sail, or on vegeta-
tion. Some contaminants that arrive in ocean currents
tend to stay in the water while others fall to the
bottom sediments.
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What happens to contaminants
in lakes?

The case study of Amituk Lake,
Cornwallis Island

t Amituk Lake on Cornwallis Island, most

mercury and POPs reach the lake from
the surrounding land (watershed) during
snowmelt.

Almost 30% of the mercury washes into the
lake from natural, local sources (local rocks).
These natural levels have remained steady for
several decades, while mercury levels from
human-made sources have gradually been
increasing. Climate change has been
suggested as a reason why more mercury

is now entering the lake than before (see
Section 2.5).

Approximately 25% of the mercury which
reaches the lake falls to the lake bottom sedi-
ments and nearly 60% flows out of the lake.
The implications for fish are not clear as
mercury levels in lake sediments do not seem
to be related to mercury levels in fish.

In contrast to mercury, a high proportion of the
POPs entering the lake flows out again, eventually
to reach the Arctic Ocean. Less than 4% of the
POPs fall to the bottom. Several POPs also
disappear while in the water. For example, half of
the HCHSs in the water disappear within a year.
For endosuifan, over 90% disappears within a
year. Microbes are an important reason why
some POPs disappear from lakes, wetlands and
the marine environment.

The rates at which the POPs disappear are
important for fish and wildlife. The less persist-
ent POPs disappear quickly and have less time
to enter the food web. As most POPs flow out
of the lake, little remains behind to affect the
lake ecosystem and food web.

Microbes are an important reason why some
POPs disappear from lakes, wetlands and the
marine environment.

These “preferences” can be important for fish and
wildlife and for the food web. If a contaminant falls
out of the atmosphere and is deposited onto the
surface then plants and animals are more exposed
to that contaminant. If a contaminant stays in the
atmosphere and is not deposited onto the surface,
then it is much less likely to be accumulated by
animals and plants. It may be easier for fish to accu-
mulate contaminants from the water than from the
bottom sediments.

Pat Roach
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Location of Amituk Lake on Cornwallis Island, Nunavut

Some contaminants are easily carried on
snow from the atmosphere to the surface.
When the snow melts, these contaminants
flow into the soil, rivers, lakes, seawater
and onto vegetation.

Pat Roach

Temperature can also make a difference. Contami-
nants are more likely to be accumulated by fish and
wildlife when the temperature is higher, as their
metabolism increases.

Snow and ice appear to play particularly important
roles in moving contaminants from one part of the
environment to another. Some contaminants are
easily attached to falling snow, and are carried on
snow from the atmosphere onto the surface. There
are usually higher levels of POPs on the surface
when there is more snowfall. When the snow melts,
these contaminants flow into the soail, rivers, lakes
and coastal seawater, and onto vegetation, where
they may be eaten by animals.

2.5 Climate change may affect
contaminants in northern Canada

Most contaminants travel to northern Canada from
the south and the rest of the circumpolar Arctic on
air and ocean currents. Climate change is modifying
these currents and as a result scientists expect to
see higher levels of some contaminants in the
Canadian North.

Climate change is modifying air and ocean

currents and as a result scientists expect to

see higher levels of some contaminants in the
Canadian North.
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As species and patterns of plants and animals

react to climate change, food webs are

expected to become longer. Contaminants

will likely bioaccumulate and biomagnify in

ways not yet understood.

Wi

Climate change will also affect the amount, character
and location of snow and rain in the North. These are
important for carrying contaminants from the air to
the surface. The extent and location of sea ice is also
expected to continue to change. For example, sea
ice prevents mercury from moving from the water to
the atmosphere. The amount of sea ice will affect the
amounts of mercury available to animals and plants.

Climate change may affect the organisms that live
in the North. Different species of plants and animals
may show up in unexpected places, while others
may disappear. Shifts in permafrost and patterns

of ice cover are expected to change with climate
change. Animals dependent on permafrost and sea
ice (e.g., seals and polar bears) are already being
found in different areas.

th climate change, contaminants from

Russian rivers are expected to flow more into

the Canadian Arctic Ocean than before.

As species and patterns of plants and animals

react to climate change in the North, food webs are
expected to become longer. Contaminants will likely
bioaccumulate and biomagnify in ways not yet under-
stood. Animals at the top of the food web will accu-
mulate higher levels of contaminants. This could
affect the health of the animal as well as the levels of
contaminants found in some traditional/country foods.

2.5.1 The Arctic Oscillation and
climate change

Climate change is closely linked to a phenomenon in
the atmosphere and oceans known as the Arctic
Oscillation. During an Arctic Oscillation, which
normally occurs every 5-7 years, the usually stable
and predictable air and ocean currents in the North
change direction. As a result, contaminants in the
ocean water are also carried further into the Canada
Basin and less into the East Siberian Sea.

Because of climate change, rivers leaving the
Russian coast are expected to flow more towards
the East Siberian Sea and the Canada Basin instead
of leaving the Arctic quickly as would normally be
expected. The contaminants in these rivers are also
expected to arrive in the Canada Basin, carried along
with the new flow pattern.

The polar ice cap is shrinking and getting thinner because of climate change, and may disappear entirely
within the next 100 years. Climate change is also changing the habitat of wildlife species such as polar bears
by changing the sea ice. Such changes already appear to be negatively affecting polar bears in Hudson Bay
as the ice is important for them to find and catch their main prey, seals. ITK/Eric Loring



With climate change, the Arctic Oscillation is
expected to be stronger and occur more frequently.
These changes may affect contaminants across the
North. Overall, levels of mercury and possibly other
heavy metals are expected to increase in the Arctic
Ocean. The levels of some POPs are also expected
to increase. Others may actually decrease, however,
because they are no longer being used in most of
the world, and much lower levels are now being
transported to the Arctic than before.

2.5.2 Mercury and other heavy metals
With climate change and a stronger Arctic
Oscillation, scientists expect there to be less sea ice
in the Arctic Ocean. Sea ice normally prevents
mercury from leaving the ocean and entering the
atmosphere. Because of climate change, more
mercury may therefore move into the atmosphere
from the ocean. The strength and location of the
polar sunrise phenomenon (when mercury moves
from the air to the snow surface) may also change.

As permafrost melts and temperatures rise, lakes
and rivers will contain more organic matter and,
therefore, more mercury. (Mercury levels are generally
higher where there is more organic matter.) The
mercury will be carried in rivers to lakes and coastal
areas where it is more available to freshwater and
marine animals. Once mercury enters the food web,
top predators are likely to accumulate more mercury.

Lead enters the Arctic Ocean primarily from the
Atlantic Ocean or the Laptev Sea and current levels of
lead are highest in Eurasian Basin sediments.
However, with climate change, ocean currents are
expected to transport lead into the Canada Basin,
especially from sources in Eastern Europe and Russia.

Cadmium in the Arctic Ocean comes primarily from
natural sources. With climate change, less water is
expected to flow from the North Pacific Ocean through
the Bering Strait into the Arctic Ocean. The Bering
Strait is particularly rich in cadmium and thus less of
this heavy metal is expected to end up in the Arctic
Ocean. Cadmium is also found in ocean upwellings
(places where water moves from the deeper ocean to
the surface). The location and strength of upwellings
along the edges of the ocean shelves and among the
Canadian Arctic islands is expected to change as a
result of climate