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This assessment report details the results of the 2009 AMAP
assessment of Human Health in the Arctic. It builds upon the
previous AMAP human health assessments that were presented
in 1998" and 2002,

The Arctic Monitoring and Assessment Programme (AMAP)
is a group working under the Arctic Council. The Arctic Council
Ministers have requested AMAP:

* to produce integrated assessment reports on the status and
trends of the conditions of the Arctic ecosystems;

* to identify possible causes for the changing conditions;

* to detect emerging problems, their possible causes, and the
potential risk to Arctic ecosystems including indigenous
peoples and other Arctic residents; and

* to recommend actions required to reduce risks to Arctic
ecosystems.

The Ministers have placed special priority on the potential
impacts of contaminants on the health of Arctic residents,
including the combined effects of mixtures of contaminants
acting together with other potential stressors.

This report is one of the detailed assessment reports that
provide the accessible scientific basis and validation for the
statements and recommendations made in the AMAP State of
the Arctic Environment report, ‘Arctic Pollution 2009’ that was
delivered to Arctic Council Ministers at their meeting in Tromse,
Norway in April 2009. It includes extensive background data and
references to the scientific literature, and details the sources for
figures reproduced in the ‘Arctic Pollution 20097 report. Whereas
the ‘Arctic Pollution 2009 report contains recommendations
that specifically focus on actions aimed at improving the Arctic
environment, the conclusions and recommendations presented
in this report also cover issues of a more scientific nature, such
as proposals for filling gaps in knowledge, and recommendations
relevant to future monitoring and research work, etc.

To allow readers of this report to see how AMAP interprets
and develops its scientifically-based assessment product in terms
of more action-orientated conclusions and recommendations, the
‘Executive Summary of the Arctic Pollution 2009 Ministerial
Report’, which also covers other priority issues (Persistent
Organic Pollutants, and Radioactivity), is reproduced in this
report on pages xi to xvi.

The AMAP assessment is not a formal environmental risk
assessment. Rather, it constitutes a compilation of current
knowledge about the Arctic region, an evaluation of this
information in relation to agreed criteria of environmental quality,
and a statement of the prevailing conditions in the area. The
assessment presented in this report was prepared in a systematic
and uniform manner to provide a comparable knowledge base that
builds on earlier work and can be extended through continuing
work in the future.

The AMAP scientific assessments are prepared under
the direction of the AMAP Assessment Steering Group. The
product is the responsibility of the scientific experts involved
in the preparation of the assessment. Lead countries for
this AMAP Human Health Assessment were Canada and
Denmark. The assessment is based on work conducted by a
large number of scientists and experts from the Arctic countries
(Canada, Denmark/Greenland/Faroe Islands, Finland, Iceland,
Norway, Russia, Sweden, and the United States), together with
contributions from indigenous peoples’ organizations, from other
organizations, and from experts in other countries.

AMAP would like to express its appreciation to all of these
experts, who have contributed their time, effort, and data; and
especially to the lead experts who coordinated the production
of this report, and to referees who provided valuable comments
and helped ensure the quality of the report. A list of the main
contributors is included in the acknowledgements on page viii
of this report. The list is not comprehensive. Specifically, it
does not include the many national institutes, laboratories and
organizations, and their staff, which have been involved in the
various countries. Apologies, and no lesser thanks, are given to
any individuals unintentionally omitted from the list. Special
thanks are due to the lead authors responsible for the preparation
of the various chapters of this report.

The support of the Arctic countries is vital to the success of
AMAP. AMAP work is essentially based on ongoing activities
within the Arctic countries, and the countries also provide
the necessary support for most of the experts involved in the
preparation of the assessments. In particular, AM AP would like to
express its appreciation to Canada and Denmark for undertaking
a lead role in supporting the Human Health assessment. Special
thanks are also offered to the Nordic Council of Ministers for
their financial support to the work of AMAP, and to sponsors of
projects that have delivered data for use in this assessment.

The AMAP Working Group that was established to oversee
this work, and the AMAP human health assessment group are
pleased to present its assessment.

John Calder
AMAP Working Group Chair

Jens C. Hansen
AMAP Human Health assessment co-lead (Denmark)

Jay Van Oostdam
AMAP Human Health assessment co-lead (Canada)

Lars-Otto Reiersen
AMAP Executive Secretary

Oslo, May 2009
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Executive Summary to the Arctic Pollution 2009

Ministerial Report

Preamble

The Arctic Monitoring and Assessment Programme
(AMAP) was established in 1991 to monitor identified
pollution risks and their impacts on Arctic ecosystems.
The first AMAP report, Arctic Pollution Issues: A
State of the Arctic Environment Report* and its update
Arctic Pollution 2002*> were published in 1997 and
2002, respectively. Three further reports have been
published on specific topics: the Arctic Climate Impact
Assessment® (produced by AMAP in cooperation with
the Conservation of Arctic Flora and Fauna working
group and the International Arctic Science Committee
in 2004), and reports on Acidification and Arctic Haze*
(2006) and Arctic Oil and Gas® (2008).

These assessments show that the Arctic is closely
connected to the rest of the world. The Arctic receives
contaminants from sources far outside the Arctic
region; Arctic climate influences the global climate and
vice versa. The AMAP assessment reports have been
welcomed by the Arctic governments, who have agreed
to increase their efforts to limit and reduce emissions
of contaminants into the environment and to promote
international cooperation in order to address the serious
pollution risks and adverse effects of Arctic climate
change reported by AMAP.

AMAP information assisted in the establishment,
and continues to assist the further evaluation and
development of the protocols on persistent organic
pollutants (POPs) and heavy metals to the United
Nations Economic Commission for Europe’s (UN ECE)
Convention on Long-range Transboundary Air Pollution
(LRTAP Convention) and the Stockholm Convention on
Persistent Organic Pollutants. Information from AMAP
is useful in documenting trends and in showing whether
persistent substances are accumulating in the Arctic,
which is relevant with respect to the screening criteria for
persistence, long-range transport, and bioaccumulation
that are applied to proposals to add substances to the
above international agreements.

The Arctic Council’s Arctic Contaminants Action
Program (ACAP) was established to undertake
cooperative actions to reduce pollution of the Arctic
as a direct follow-up to address the concerns raised by
AMAP. AMAP information is also used in establishing
priorities for the Arctic Council/PAME Regional

Programme of Action for the Protection of the Arctic
Marine Environment from Land-based Activities (RPA).
A number of activities have been initiated to follow-up
on the Arctic Climate Impact Assessment.

The current assessment report updates the
information presented in the AMAP 1997 and 2002
assessment reports with respect to three subject
areas: persistent organic pollutants, contaminants and
human health, and radioactivity. The POPs update
has a particular emphasis on ‘emerging’ and current
use POPs. The human health update addresses health
effects of POPs, mercury, and lead exposure.

The information presented in the Arctic Pollution
2009 report is based on scientific information compiled
for AMAP by scientists and experts, as listed on page
83. The background documents to this assessment have
been subject to peer review and are in the process of
being published in AMAP scientific assessment reports
or scientific journals. All of these documents are made
available on the AMAP website, www.amap.no.

This Executive Summary provides the main
conclusions and recommendations of the 2009 AMAP
assessments.

Persistent Organic Pollutants (POPs)
Legacy POPs

P1. Levels of many POPs have declined in the Arctic
environment. This is a consequence of past bans and
restrictions on uses and emissions in Arctic and other
countries. ‘Legacy’ POPs that contaminate the Arctic
mainly as a result of past use and emissions include
PCBs, DDTs, HCB, chlordane, dieldrin, toxaphene, and
dioxins.

P2. National policy efforts to reduce the use and
emissions of these POPs have been extended regionally
and globally through the UN ECE LRTAP POPs Protocol
and Stockholm Convention, respectively. Theseinitiatives
made extensive use of the information presented in
AMAP assessments. The Stockholm Convention on POPs
explicitly acknowledges that “... Arctic ecosystems and
indigenous communities are particularly at risk.” The
occurrence of chemicals in the Arctic can be evidence of
their ability for long-range transport and environmental
persistence.

AMAP, 1997. Arctic Pollution Issues: A State of the Arctic Environment Report. Arctic Monitoring and Assessment Programme, Oslo. xii+188 pp
2AMAP, 2002. Arctic Pollution 2002. Arctic Monitoring and Assessment Programme, Oslo. xii+112 pp

3ACIA, 2004. Impacts of a Warming Arctic. Arctic Climate Impact Assessment. Cambridge University Press. 139 pp

*AMAP, 2006. Arctic Pollution 2006: Acidification and Arctic haze. Arctic Monitoring and Assessment Programme, Oslo. xii+112 pp

SAMAP, 2008. Arctic Oil and Gas 2007. Arctic Monitoring and Assessment Programme, Oslo. xiii+40 pp
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P3. Firm conclusions about the impact of policy
decisions on environmental levels will require
continued monitoring of ‘legacy POPs’ in both abiotic
environments and in key biota. AMAP information on
temporal trends in the Arctic has contributed to the
evaluation of the ‘effectiveness and sufficiency’ of the
UN ECE LRTAP Convention Protocol on POPs, and the
Stockholm Convention.

P4. Additional years of monitoring are needed to
increase statistical power of existing time series in order
to verify temporal trends. This will allow examination
of the response to efforts to reduce global emissions
and how this may be affected by climate variability and
possible changes in contaminant pathways.

Ps. Despite these reductions, concentrations of some
legacy POPs, such as PCBs in some top predators in
the marine food web, are still high enough to affect the
health of wildlife and humans.

Emerging and current-use POPs

P6. Many chemicals in commercial use today have the
potential to transport to and accumulate in the Arctic
but are not yet regulated by international agreements.
Although knowledge about these chemicals in the
Arctic remains much more limited than for legacy POPs,
new monitoring efforts have extended the information
concerning their presence in the Arctic. This information
is relevant to ongoing consideration of new chemicals for
inclusion under existing national, regional and global
agreements to regulate use and emissions of POPs.

P7. Many of these compounds transport over long
distances and accumulate in Arctic food webs. New
knowledge highlights the potential importance of
ocean transport pathways. In contrast to atmospheric
pathways ocean currents are slow. This may delay the
environmental response to regulations.

P8. Compounds that have some POP characteristics
and that are documented in the current AMAP
assessment include:

¢ Brominated flame retardants (BFRs)

The current AMAP assessment includes new
information on three groups of chemicals used
as flame retardants: polybrominated diphenyl
ethers (PBDEs) (including Penta-, Octa- and Deca-
BDEs), Hexabromocyclododecane (HCBD) and
tetrabromobisphenol-A (TBBPA). The assessment
shows that:

Penta-BDE transports over long distances and
bioaccumulates in biota. Penta-BDE and Octa-BDEs
havebeen banned/restricted in Europe, parts of North
America. They are no longer produced in Russia
and use there is very limited. Penta-BDE and Octa-
BDEs are under consideration for inclusion under the
international Conventions regulating POPs; Deca-
BDEs are now restricted in the EU.

HBCD is ubiquitous in the Arctic. It undergoes long-
range transport and accumulates in animals. It has

also been proposed as a candidate for inclusion under
international regulations.

There is some evidence that environmental levels
of Penta-BDE are now starting to level off or decline
due to national regulations and reductions in use
and production.

TBPPA is present at low levels in several Arctic
animals and plants, but more data are needed to
assess its potential to undergo long-range transport.

Some BFRs that are used as substitutes for phased-out
substances have been detected in occasional Arctic
samples. Their presence in the Arctic is a warning
sign that they may have some POP characteristics.

Fluorinated compounds

Fluorinated compounds reach the Arctic both via
the atmosphere and via ocean currents. They are
extremely persistent and accumulate in animals
that are high in the marine food web.

Production of products containing perfluorooctane
sulfonate (PFOS) was substantially reduced in
2001, but PFOS continues to be produced in China.
Products that contain PFOS and other fluorinated
compounds can still serve as sources to the
environment. PFOS and related compounds are
currently subject to review for both international
and national regulation.

Perfluorooctanate (PFOA) and other
perfluorocarboxylates (PFCAs) continue to be
produced. Fluorinated substances can also degrade
to PFOA and other PFCAs. Canada is the only Arctic
country so far to ban some import and manufacture
of several products that are suspected to break down
to PFOA and PFCAs.

Precursors of PFOS and PFCAs have been detected
in Arctic air and may be a source of PFOS and
PFCAs in Arctic wildlife. Concentrations in Arctic
air are one order of magnitude lower than in more
southern, urban regions.

Time trends of PFOS in wildlife show an initial
increase starting in the mid-1980s. In recent years,
some studies show a continuing increase while
others show a sharp decline. The declines follow
reduction in PFOS production.

PFCAs have increased in Arctic wildlife since the
1990s, reflecting continued production of their
precursors.

Polychlorinated naphthalenes

Polychlorinated naphthalenes (PCNs) are no longer
manufactured and levels in the environment peaked
almost half a century ago. However, PCNs are still
present in the Arctic with indications of further
input from a combination of combustion sources and
emission from old products. There are no studies
to assess their temporal trends in the Arctic. They



contribute to dioxin-like toxicity in Arctic animals but
are generally much less important than PCBs.

¢ Endosulfan

Endosulfan is a pesticide that is still in use in many
parts of the world. Endosulfan and its breakdown
products appear to be persistent in the environment.
The presence of endosulfan in the Arctic confirms
its ability to transport over long distances. There
is clear indication of bioaccumulation in fish but
there is no evidence for biomagnification by marine
mammals.

Long-term trend analysis of samples taken at Alert
(Ellesmere Island, Canada) indicates that endosulfan
concentrations have remained unchanged in the
remote Arctic atmosphere, unlike most legacy POPs.
Calculationsbased on air and seawater concentrations
suggest that endosulfan enters open (i.e. ice-free)
waters of the Arctic Ocean.

The limited information available for wildlife
indicates that concentrations of endosulfan and its
breakdown product endosulfan sulphate in blubber
of marine mammals are an order of magnitude lower
than those of major legacy POPs such as DDT and
chlordane.

Endosulfan is currently under discussion for
inclusion under the UN-ECE LRTAP POPs Protocol
and the Stockholm Convention.

* Other current-use pesticides

Previous AMAP assessments have highlighted
lindane (gamma-hexachlorocyclohexane [HCH]) as
a current-use pesticide that is ubiquitously present
in the Arctic. Several other current use pesticides
(including chlorpyrifos, chlorothalonil, dacthal,
diazinon, diclofol, methoxychlor, and trifluralin)
have been detected in the Arctic. The levels are often
low, but their presence shows that they can transport
over long distances and accumulate in the food web.

Biological effects

Pg. Recent studies of biological effects of POPs have
been able to confirm the causal link between POPs
and observations of adverse health effects in Arctic
top predators. These controlled experiments on sled-
dogs and captive Arctic foxes show effects on hormone,
immune and reproductive systems.

P1o. The observed effects are mainly due to the
breakdown products, indicating that these may be more
important than the original POP compounds.

Contaminants and Human Health
Population health and effects of contaminants

Hi. In light of current studies, many indigenous
populations in the Arctic region have poorer health
than national averages. While socioeconomic conditions
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and lifestyle choices are major determinants of health,
contaminants may also have a contributing effect.
Toxicological studies show that contaminants, at the levels
found in some parts of the Arctic, have the potential for
adverse health effects in people. Epidemiological studies,
looking at Arctic residents directly, provide evidence for
subtle immunological, cardiovascular, and reproductive
effects due to contaminants in some Arctic populations.
These results indicate that POPs, mercury, and lead can
affect health of people and especially children at lower
levels of exposure than previously thought. Genetic
characteristics of the various Arctic populations also
affect their response to contaminants and susceptibility
to certain diseases.

H2. A major dietary shift from traditional to store-
bought food is underway in most of the Arctic,
with important health implications. In addition to
environmental concentrations of the contaminants
in traditional foods, lifestyle factors and social and
cultural practices play a large role in determining
human exposure to contaminants in Arctic areas.
Despite changes in lifestyle and diet that are resulting
in increasing consumption of store-bought foods,
traditional foods remain important to Arctic indigenous
peoples for social, cultural, nutritional, economic, and
spiritual reasons. Store-bought foods are increasingly
the main source of dietary energy, but traditional foods
provide many nutrients and are still a major contributor
to healthy diets in many communities. Some traditional
foods can also carry potential risks from contaminants.
The combination of high prices for store-bought foods
and the work, risks, and costs associated with obtaining
traditional foods has made food security a large concern
for many Arctic residents.

H3. Recent studies have found anumber of mechanisms
by which contaminants can affect metabolism. Obesity
is associated with an increased risk of cardiovascular
disease and of developing diabetes; as in other parts of
the world, obesity is increasing in Arctic communities.
POPs, even at low concentrations, also increase the risk
of diabetes. These new findings emphasize the need to
consider the interactions between contaminants and other
health conditions.

Trends in exposure and contaminant levels

H4. Human exposure to most legacy POPs and mercury
is decreasing in many Arctic populations. This reflects
changes in diet, changing levels of environmental
contamination, and health advice to critical groups in
some areas concerning consumption of certain foods;
however, exposure remains high in some populations.
The proportion of women of childbearing age who
exceed blood level guidelines for PCBs, mercury, and lead
is decreasing. For PCBs and lead, in particular, there is
evidence that this reflects the declines in environmental
levels of these contaminants.

Hs. Marine mammals remain a major dietary source
of POPs and mercury, so that people who eat large
quantities of marine mammals have higher POPs and
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mercury levels than those who do not.

Hé6. Emerging compounds such as brominated flame
retardants and fluorinated compounds are a concern for
three reasons: they are present in Arctic people and biota,
levels globally have increased over the last 15 years, and
their toxic effects have not been studied in detail. There
is little information on the routes of exposure or trends of
these contaminants in Arctic populations.

Hy. Reliable interpretation of information on trends
and inter-regional differences is critically dependent
onanability tocompare data from differentstudiesand
different laboratories. Laboratory performance testing
procedures initiated by AMAP and others, including
the AMAP inter-laboratory comparison programme
for analysis of contaminants in human tissue have
markedly improved analytical co-operation, data
comparability, data reliability and data accuracy
in studies using the participating laboratories, and
have led to more reliable data on contaminant levels
in human tissues. Further improvements can be
achieved through continued efforts in this respect.

H8. Increased industrial activity in parts of the
Arctic is likely to lead to an increase in local sources of
contaminants. Anticipated changes in global and Arctic
climate may also result in changes in contaminant
transport to the Arctic. Such changes may affect exposure
patterns to some contaminants.

Communication

Hg. Communicating the results of studies concerning
contaminants and people is important in helping Arctic
residents make informed food choices. Health advisories
issued in response to findings reported in past AMAP
assessments have succeeded in reducing exposure to
contaminants in some Arctic population groups.

Hi1o. Risk communication must be carried out with
great care and respect for culture at a community-
level. The involvement of community members and
organizations, regional health officials, and indigenous
organizations is the key to developing and disseminating
messages that are appropriate and relevant.

Radioactivity

R1. Radioactivity in the Arctic is a concern because
contamination can persist for long periods in soils and
some plants and because pathways in the terrestrial
environment can lead to high exposures of people.

Potential sources

R2. In parts of the Arctic, there is a very high density of
sources of radionuclides. The risk of accidents combined
with the vulnerability of the Arctic environment to
radioactive contamination raises a need for continued
actions to reduce risks.

R3. Partly as a result of national and international
actions addressing concerns highlighted by AMAP,
significant progress has been made with respect to

actions to reduce risks of radioactive contamination
from several of these potential sources. Previous AMAP
assessments recommended actions to address potential
sources of radioactive contamination of the Arctic
including nuclear powered vessels that were poorly
maintained or being decommissioned; dumped and
stored radioactive wastes, including wastes stored under
inadequate conditions; radioisotope thermoelectric
generators (RTGs) used as energy sources in northern
regions; and nuclear power plants and reprocessing
facilities located close to the Arctic. Many of these
potential sources are located in northwest Russia. Other
issues remain a source of concern:

e As of 2008, 164 of the 198 obsolete nuclear submarines
of the Russian northern fleet had been defueled and
dismantled; work to safely decommission these
vessels continues. Similar plans exist for dealing with
nuclear icebreakers and their associated facilities,
including the Lepse storage vessel.

* The facilities at Andreeva Bay and Gremikha are
used as temporary storage sites for radioactive
wastes, spent fuel, and reactors from decommissioned
submarines. Progresshasbeen madeinimproving the
physical infrastructure and the legal arrangements to
manage these sites. However, much remains to be
done, including transport of spent fuel and waste to
safer storage sites.

e About half of the radioisotope thermoelectric
generators (RTGs) in northern Russia have been
removed or will be in the near future.

R4. Some risk reduction has been achieved through
significant joint Russian-international action. This
includes a regulatory framework for handling the clean-
up actions. Moreover, a long-term strategic master plan
has been developed, which could become an important
tool for further management of radiation risks.

New potential sources

R5. Russian plans for building floating nuclear
power plants raise issues about how waste will be
handled and about increased marine transport of
spent fuel in the Arctic. These power plants would
represent new potential sources and may increase
risks of radioactive contamination.

R6. Technologically enhanced naturally occurring
radioactive material (TENORM) can become a
radiation risk in context of mining of uranium and
other minerals, phosphate production, oil- and gas
extraction, coal mining and the use of geothermal
energy. Several of these activities are likely to increase
in the Arctic and more knowledge about waste streams
and releases are needed in order to assess human and
environmental risks.

Historical contamination

Ry. Previous AMAP assessments documented fallout
from past nuclear weapons tests, the 1986 Chernobyl



accident, and releases from reprocessing plants close to
the Arctic as the three major sources of anthropogenic
radioactive contamination in the Arctic. Evidence from
long-term monitoring in the European Arctic shows that
levels of radioactivity in the environment are declining.
However, monitoring and mapping activities have
decreased in recent years and documentation is therefore
lacking for much of the Arctic. Unless environmental
pools are re-mobilized, this historical contamination
will continue to decrease as sediments are buried and
radionuclides decay.

R8. Application of new technology has reduced
routine releases of radionuclides to the marine
environment from European reprocessing plants,
including releases of technetium-99 from Sellafield that
were highlighted in the 2002 AMAP assessment.

Climate change and radioactivity

Rg. The current assessment identifies the potential of
climate change to mobilize radionuclides in the Arctic
terrestrial environment and in glaciers. This may also
affect radon emission from the ground, which is a major
contributor to human exposure to radiation.

Ri1o. Changes in permafrost, erosion, precipitation and
extreme weather events may also affect infrastructure
related to nuclear activities.

Protecting the environment

Ri11. Following recommendations of previous AMAP
assessments, a framework for protecting Arctic
ecosystems from radiation effects has been developed
as a complement to the previous focus on protecting
human health. It also opens for assessing combined
effects with other environmental stressors. There
is a need for more data that are relevant for Arctic
conditions and organisms to provide the basis for a
comprehensive application of this framework.

Recommendations for actions to reduce
contaminant levels and effects through
international agreements:

* Encourage countries that have not yet done so to sign
and ratify the Stockholm Convention and LRTAP POPs
Protocol (P2, H2, H4, H5).

* Support the addition of polybrominated compounds and
fluorinated compounds to the Stockholm Convention
and the regulation of these compounds under other
international and national mechanisms because they
undergo long-range transport and bioaccumulation in
human tissues similar to other POPs. (P2, P3, H6)

* Support the development of a global agreement to limit
mercury emissions to complement regional and national
efforts that reduce environmental levels and lower human
exposure to mercury in the Arctic. (H1)
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Recommendations for actions to pro-
mote healthy diets and reduce human
exposure to contaminants:

¢ Continue to encourage public health officials to recommend
breast feeding among Arctic populations as a health practice
that optimizes infant growth and development. (H2, Ho)

* Recommend to health authorities to promote healthy diets
through improved access to and consumption of local
traditional foods that are high in nutrients but relatively
low in contaminants along with improved availability and
consumption of store-bought foods with high nutritional
value. (H2)

* Evaluate past communication efforts in order to improve
and refine communication strategies. (H9)

Recommendations to address potential
sources of radioactivity:

e Continue work to decommission remaining obsolete
nuclear vessels, remove remaining RTGs, and to manage
spent nuclear fuel and waste at sites in or close to the
Arctic. (R3)

o [mplement additional actions to address  continued
concerns, especially the storage facilities at Andreeva Bay
and Gremikha, and the Lepse storage vessel (R3)

o Strengthen plans to ensure safe and secure transport of
spent fuel and waste to storage facilities. (R3)

* Consider the need to further develop regulatory systems,
especially for addressing clean-up operations and improved
safety of nuclear facilities. (R4)

o [ncrease attention to technologically enhanced naturally
occurring radioactive materials (TENORM) in future
assessments, including information from all countries
engaged in or planning Arctic oil and gas extraction and
uranium and other mining. (R6)

Recommendations for actions to ad-
dress gaps in knowledge concerning
combined effects:

Monitoring

* Continue and enhance the geographical coverage of
monitoring programs to:

- Document the effectiveness of controls on the use and
emissions of POPs (P2, P3, P4)

- Investigate the possible effects of climate change on Arctic
contaminants levels, including changes in transport and
re-mobilization (P4, H8, Rg, R10)

- Detect health threats related to climate change and
contaminants (HS)
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- Identify new sources of contaminants and new
contaminants that may pose a threat to Arctic residents
and the environment (P6, H6, Ry)

Research

o Investigate the respective and combined roles of changing
contaminant emissions, changing pathways due to climate
change, local sources of contamination, and dietary change
to determine the causes of changing environmental levels
and human exposures. (P4, H8, R9, R10)

* Improve predictive models of contaminant transport and
behaviour in the Arctic to better understand the likely
impacts of climate change with respect to contaminant
levels and human exposures. (P4, HS)

e Conduct further studies to better understand the
combined effects of contaminants and other stressors on
Arctic wildlife and humans. (P5, P9, H8, R11)

* Include in future assessments the combined effects of
POPs, radioactivity, and other stressors on human health
and the environment in the Arctic (P5, P9, H8, R11)

Recommendations to address gaps in
knowledge concerning POPs:

Monitoring

e Continue monitoring of occurrence and trends of
brominated flame retardants (including alternatives
being introduced to replace phased-out BFRs) and
fluorinated compounds. (P8)

* Increase monitoring of current- use pesticides and their
breakdown products in the Arctic environment. (P7)

Research

® Examine the many other chemicals in commerce, such
as the cyclic siloxanes for potential Arctic accumulation
potential and design programs to search for these
chemicals and their breakdown products (to avoid past
surprises such as detection of PFOS). (P§)

Recommendations to address gaps in
knowledge concerning human health:

Monitoring

¢ Continue and extend the laboratory intercomparison and
testing schemes introduced and promoted by AMAP for
laboratories engaged in analysis of Arctic human media to
cover emerging POPs. The quality assurance group for the
human health program should be provided with adequate
resources to ensure quality assurancelquality control on an
ongoing basis. Only data that have been approved by this

group should be used in AMAP human health assessments.
(Hy)

* Continue to monitor for trends in legacy POPs, mercury,
and lead in human tissues and traditional food items. Dietary
assessments should combine contaminant and nutrient
analyses in traditional foods as consumed. (Hz2, Hq)

o Conduct further studies combining dietary assessments with
contaminant and nutrient analyses in the traditional foods
as consumed. (Hz)

e Continue and expand monitoring for emerging POPs
in human tissues and traditional food items, including
development of analytical methods (H6)(Hy)

* Continue gathering basic health statistics on a regular basis
by all circumpolar jurisdictions at appropriate regional
levels, including ones not currently gathered in all areas (e..,
neonatal vs. post-neonatal death rates in Russia).(Hz)

Research

® Maintain and expand current human population cohorts
in the Arctic in order to provide the information needed to
track adverse health outcomes associated with contaminants
and changing conditions related to climate change, socio-
cultural conditions, and diet. (H1, H2, H3)

e Conduct further research on contaminant effects in
humans, including interaction between POPs and
mercury and other factors such as genetic susceptibility,
diet, and lifestyle, and the resulting health impacts on the
cardiovascular, reproductive, neurological or metabolic
systems. (H1)(Hz2)(H3)

o Conduct further studies to determine causes of regional
variations and discrepancies in exposure to contaminants
(e.g., low mercury levels in Chukotka in contrast with high
POPs levels). (H2)(H8)

® Conduct further toxicological studies of POPs mixtures,
and emerging compounds where a lack of information is
limiting human health risk assessment. (H1)

* Conduct further studies on risk perception, dietary
patterns, and determinants of food choice to improve risk
communication. (Hg)

Recommendations to address gaps in
knowledge concerning radioactivity:
Monitoring

e [mprove coverage and implementation of monitoring of

radioactivity in the Arctic to meet AMAP objectives and/
or to highlight specific regional needs. (Ry)

e Improve collection and reporting of data relevant to
Arctic species and conditions to allow improved radiation
protection of Arctic ecosystems. (R11)
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Chapter 1
Introduction

Constantine Tikhonov and James Berner

Summary

The third AMAP Human Health assessment seeks to
update the 2002 AMAP Human Health assessment
with the latest data and analysis rather than to provide
a new independent assessment. The report synthesizes
the latest research results from circumpolar countries,
building upon previous assessments of environmental
chemicals and the variety of their impacts on the health
of Arctic populations. Therefore, to benefit most from
this work the reader should be familiar with previous
assessments. This introduction provides an overview
of the critical components upon which this assessment
is based and draws heavily on background information
from the two previous AMAP assessments of human
health in the Arctic (AMAP, 1998, 2003).

1.1. Arctic Monitoring and Assessment
Programme

The Arctic Monitoring and Assessment Programme
(AMAP) was established in 1991 to fulfill several key
goals of the Arctic Environmental Protection Strategy
(AEPS). Since 1996, it is one of the cornerstone programs
of the Arctic Council focused on providing reliable and
sufficient information on the status of, and threats to,
the Arctic environment.

The scope of the Arctic Monitoring and Assessment
Program addresses levels of environmental chemicals in
abiotic and biotic components of the Arctic ecosystem,
temporal and spatial trends, the fate of pollutants in the
environment, and their effects on the food chain and
humans. AMAP aimsto provide timely scientificadvice on
actions to be taken in order to support Arctic governments
in their efforts to take remedial and preventive measures
relating to environmental contamination. AMAP also
seeks to promote the communication of information on
the state of the Arctic environment to the public.

One of the principal tasks of AMAP continues
to be the assessment of implications and impacts of
pollution on the health of Arctic residents, residents both
indigenous and non-indigenous to the region. Since its
inception, AMAP has been designed to have roots in the
national programs of participating countries; soon after
its establishment therefore, a Human Health Assessment
Group (HHAG) was created bringing together leading
researchers and research coordinators from circumpolar
countries. The AMAP HHAG is dedicated to circumpolar
research and monitoring, assessment and synthesis
of trends and human health effects of environmental
pollutants in the Arctic.

The AMAP HHAG aims at the continuous
assessment of the concentrations and possible effects of
anthropogenic pollutants on human health. It seeks to

document trends in concentrations of these pollutants
and to assess the possibility of human health effects at
present and future levels, while striving to consider the
combined effects of all contaminants. In the present
assessment, the possible implications of climate change
on these issues have also been considered.

AMAP has presented a series of key new findings
in the areas of human health, persistent organic
pollutants (POPs), radioactivity, and mercury, as well as
recommendations for actions based on those findings.
To date, AMAP has completed two human health
assessments (in 1997/1998 and 2003). The AMAP human
health program is focused mainly on the potential health
effects arising from exposure to POPs and heavy metals
and, to a lesser degree, ultraviolet-B (UV-B) radiation.
Radionuclide issues have been addressed in cooperation
with the AMAP Radioactivity Expert Group (AMAP,
2004c¢). Acidification and petroleum hydrocarbons were
regarded during AMAP Phase I (1991 — 1996) as having
no immediate impact on human health and so were not
addressed in the health assessment prepared under
AMAP Phase II (AMAPF, 2003).

The AMAP HHAG participated in two major
assessments completed recently by the Arctic Council:
the Arctic Climate Impact Assessment (ACIA, 2005)
and the Future of Children and Youth of the Arctic
Initiative, and was also involved in the AMAP Oil and
Gas Assessment (AMAP, 2009).

1.2. The Arctic

The Arctic region remained, until the second half of the
twentieth century, a final frontier of human habitation.
The Arctic is characterized by a harsh climate, strikingly
unique ecosystems, and an array of highly resilient and
adaptable plants, animals, and people. The Arctic region
derives its name from the Greek apwtucog (Arktikos)
referring to the stellar constellation of Ursa major, the
Great Bear, surrounding the North Star which is located
almost directly above the North Pole (AMAP, 1997).

The Arctic Circle is a vast circumpolar area consisting
for the most part of seasonally ice-covered ocean,
surrounded by continental land masses and islands,
and which conventionally ends at 66° 32" N. This latitude
constitutes the southern limit to a region for which there
is at least one 24-hour period a year during which the
sun does not set and one 24-hour period during which
it does not rise. Other definitions of the Arctic region
(NSIDC, 2006) include:

e the area north of the treeline (the northern limit of
upright tree growth); and

* Jocations at high latitude where the average daily
summer temperature does not rise above 10 °C.



However, none of these definitions is particularly
satisfactory, especially from the perspective of
monitoring and assessing the human health impacts of
pollution. Consequently, and considering that it is most
likely that climatic gradients, rather than simple latitude,
determine the effective boundaries of the circumpolar
region (Ingold, 1988), AMAP has defined a specific
area of Arctic and sub-Arctic regions within which it is
considered essential to continue monitoring.

AMAP has not attempted to define the Arctic per se but
rather to provide guidance relevant for all areas of science
about the core area to be covered by AMAP assessments
(Figure 1.1). The boundary lies between 60° N and the
Arctic Circle, with the following modifications:

* In the North-East Atlantic, the southern boundary
follows 62° N, and includes the Faroe Islands. To
the west, the Labrador Sea and Greenland Sea are
included in the AMAP area.

¢ In the Bering Sea area, the southern boundary is the
Aleutian chain.

* Hudson Bay and the White Sea are considered part of
the Arctic for the purposes of this assessment.

e In the terrestrial environment, the southern
boundary in each country is determined by that
country, but lies between the Arctic Circle and 60° N.
Eight countries have land within the area of AMAP’s
responsibility: Canada, the Kingdom of Denmark,
including Greenland and the Faroe Islands, Finland,
Iceland, Norway, Russia, Sweden, and the United
States of America (Alaska).

Arctic Circle Southern boundaries of
............ ° : the High Arctic and the
10 C.July isotherm subarctic delineated on
"""" Treeline the basis of vegetation
Marine High Arctic
AMAP area subarctic

Figure 11. Definitions of the Arctic region. Source: AMAP (1998).
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Arctic
Circle

Figure 12. Administrative areas of the northern Russian
Federation.

This definition was reaffirmed in the Arctic Human
Development Report (AHDR, 2004), but expanded to
advance the southern boundaries in Labrador, Canada,
and the Russian Federation.

The present assessment continues to consider the
previously (1997 — 2002) defined observation area as well
as the following administrative areas of the Russian
Federation: Murmansk Oblast, Kareliya Republic,
Arkhangelsk Oblast, Nenets Autonomous Okrug, Komi
Republic, Yamalo-Nenets Autonomous Okrug, Khanty-
Mansiysk Autonomous Okrug, Taymir Autonomous
Okrug, Evenky Autonomous Okrug, Sakha Republic,
Magadan Oblast, Koryak Autonomous Okrug, and
Chukotka Autonomous Okrug (see Figure 1.2).

1.3. Uniqueness of the Arctic as a
human environment

People have been living in and adapting to changing
conditions in the Arctic for thousands of years.
Initial knowledge about the Arctic environment was
accumulated through the oral traditions of indigenous
peoples, and through written records of the Viking
era, and accounts of hunters, whalers and trappers
(AMAP, 1997). In modern times, international scientific
expeditions and monitoring stations have continued
this exploration and have led to the evolution of the
major, internationally coordinated campaigns of the
International Polar Year initiatives, which began with
the first International Polar Year in 1882-83.

The Arctic is home to around four million residents
of which about 10% are indigenous peoples, spread
over many communities around the Arctic (UNEP/
GRID-Arendal, 2005). The relative size of the indigenous
population varies widely for different areas, ranging
from the Inuit comprising about 91% of the population of
the Nunavik region of the Province of Quebec, Canada,
to the Saami accounting for 2.5% of the population in
northern Scandinavia and the Kola Peninsula (UNEP/
GRID-Arendal, 2005; Statistics Canada, 2008a).

The indigenous peoples of the Arctic (Figure 13)
include the Inuit and Ifiupiat, who live in the northern
part of the North American Continent, and Greenland;
the Saami of northern Scandinavia, Finland and the
Kola Peninsula; in northern Russia the Yakuts, together
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Figure 1-3. Location of Arctic indigenous peoples. Source: AMAP (1998).

with some 26 to 40 groups of ‘numerically small peoples
of the North’ (Kozlov et al, 2007), ranging from Saami
and Nenets in the west to Chukchi and Eskimo (Yupik)
in the east; the Aleuts, Yup'ik, Athabaskans and other
indigenous peoples of Alaska; and in Canada the Dene
and Yukon First Nations, who inhabit the western
Canadian Arctic and subarctic regions along with the
Métis (AMAFP, 2003). The peoples of the Arctic were
described in detail in previous AMAP assessments
(AMAP, 1997, 1998, 2003).

The population of most Arctic regions has increased
considerably over the last sixty years. This increase
is attributed not only to increased in-migration to the
Arctic, but also to the notable increase in life expectancy
and the decrease in infant mortality of Arctic peoples
since the mid-twentieth century. There has also been a
significantreductioninmortality frominfectious diseases
(AMAP, 2003). At the same time, there are indications
that the prevalence of chronic ‘western” diseases such
as cardiovascular disease, stroke, hypertension and
diabetes, is increasing. These conditions tend to increase
in traditional societies (such as circumpolar indigenous
peoples) undergoing rapid social change, dietary
transition, decreased physical activity, and exposure to

new environmental hazards (Trowell and Burkitt, 1981,
cited in Bjerregaard et al., 2004b).

The intense industrial development in circumpolar
regions characterizing the end of the second half of the
twentieth century has had a significant impact on the
Arctic. Energy and mineral extraction developments,
although localized and widely scattered, tend to be of
large scale, for example the Prudhoe Bay oil field complex
in Alaska, the mining and associated metallurgical
developments in the Taymir and Kola regions of Russia,
and the hydroelectric development in northern Quebec
(ACIA, 2005). These contribute to the pollution of the
Arctic waters, atmosphere, and lands and result in local
loss of wildlife through habitat destruction, excessive
hunting, and other cumulative impacts (ACIA, 2005).
Throughout most of the Arctic region, ecosystems have
until recently remained essentially as they have evolved
in response to natural conditions. However, regional
ecosystem changes in the Arctic are becoming evident
in response to climate change and variability. Therefore,
under present trends of global industrialization the
Arctic ecosystem that we have known in the past may not
continue into the future, or will be much more restricted
in geographic range (ACIA, 2005).
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14. The concept of combined effects
and determinants of health

Human health is potentially affected by many
environmental factors. Income, education, social status,
genetic endowment, as well as access to social safety
networks are all powerful factors that influence health
outcomes in a given population and disparities among
population groups. When these are combined with
personal lifestyle choices, coping capacity, and the
availability and quality of primary health care at the
community level, particularly in early life stages, the
impact of exposures to environmental contaminants
may seem less significant. However, focusing on
low-level chronic environmental exposures, a study
based in the Faroe Islands which examined children’s
performance in neurobehavioral tests in relation to
maternal exposures (primarily due to consumption of
pilot whale) to methylmercury (Grandjean et al., 1997,
1999b; AMAFP, 2003) found key neurodevelopmental
endpoints. Further, there are a number of possible
links between polychlorinated biphenyl (PCB) and
organochlorine mixture exposures and pregnancy
outcome (Jacobson et al.,, 1990b; Patandin et al., 1998),
immune system function (Dewailly et al., 2000a), and
modulation of cancer growth (Demers et al., 2000).

While contaminants may play a relatively modest role,
in comparison tolifestyle choices and geneticendowment
in the often multi-factorial causes of disease, exposure
to many persistent organic contaminants is preventable
and their presence in the remote Arctic is, from a public
health perspective, of great concern (AMAF, 2003).

The human health assessment must consider risks
to the Arctic population from exposure to the major
contaminants in the context of combined effects
risk assessment. Environmental exposure is almost
always an exposure to a mixture of chemicals in
the environment, rather than to a single substance.
Evaluation of the combined effect of pollutants in
the Arctic must be based on cellular models of effect,
examination of genetic susceptibility, identification
of relevant and validated biomarkers of exposure,
extensive environmental and biological monitoring,
and on nutritional, epidemiological and socio-economic
data (AMAP, 2003).

1.5. Major health-related issues and
recommendations identified in
AMAP Phasel

Thefirst AMAPhumanhealthassessment concluded that
there were Arctic communities that were highly exposed
to environmental contaminants (AMAP, 1997, 1998). The
assessment identified the food pathway as a primary
source of human exposure to persistent contaminants,
due to their accumulation in wildlife species used
as traditional foods, and concluded that variation in
human exposure depended on a combination of: (1)
varying environmental concentrations of contaminants;
(2) local physical and biological pathways that make the
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contaminants available; and (3) the local dietary habits
of the people.

The assessment confirmed that exposure to POPs was
the primary concern. The biomagnification of PCBs and
certain pesticides in marine food webs, resulted in high
concentrations in some marine mammals, birds, and,
to a lesser extent, fish. Some indigenous peoples were
found to be exposed to concentrations that exceeded
established tolerable daily/weekly intake levels. These
exposure concentrations were of particular concern in
the context of early human development. The potential
for the transfer of these contaminants to the fetus in
utero, or to infants through breast milk was the key
concern, because this could lead to contaminant levels
in newborns, that were two- to ten-fold higher than in
regions further south (AMAP, 1997, 2003).

Arctic peoples were generally found to be exposed
to higher concentrations of radionuclides than people in
temperate zones. Atmospheric transfer and deposition
of radionuclides to terrestrial ecosystems, coupled
with the capacity of certain plants to bioconcentrate
some radionuclides enabled the development of high
concentrations in caribou/reindeer and wild game.

Methylmercury is taken up following human
consumption of fish, fish-eating marine mammals and
birds. Methylmercury in the maternal bloodstream
can be transferred to the fetus and, in certain areas
and within certain populations, concentrations were
found to be high enough to indicate a need for public
health intervention. Although mercury concentrations
can be high, it was proposed that interactions with
selenium and nutrients may reduce the toxicity of this
contaminant and thus also the risk to people.

Humans in the Arctic are exposed to enhanced UV-B
radiation, resulting from the release of ozone-depleting
substances at lower latitudes. The main health concern
is related to possible ocular damage and additional
immunosuppressive  effects and dermatological
disorders.

The assessment stressed that while controls on
emissions had resulted in measurable reductions in
inputs of some contaminants (e.g., lead, radionuclides,
atmospheric sulfur, and possibly PCBs, and DDT),
there was considerable variation across the Arctic.
It concluded that recycling of accumulated pools of
long-lived contaminants in ocean and lake water and
in sediments, could result in continued exposure long
after controls had been enforced.

Weighing the well-known benefits of breast milk and
traditional foods against not yet completely understood
effects of contaminants, the recommendations, arising
from AMAP Phase I, reaffirmed the benefits of
consuming traditional/country food. At the same time,
the assessment recognized the need to develop public
health focused dietary advice such that Arctic residents
could make informed choices concerning the food
they eat. The assessment clearly stressed that breast
feeding could continue to be promoted, despite, in some
instances, high concentrations of persistent pollutants
having been found in breast milk. Increasingly strong
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evidence was found in the Arctic, as elsewhere in the
world, about the positive benefits of breast feeding
for infant development, especially the psycho-social
development of children and the development of their
immune system (AMAP 1997, 2003).

To ensure the interest and active involvement of Arctic
indigenous peoples and other Arctic residents, it was
recommended that the Arctic countries should ensure
the use and integration of indigenous knowledge in
environmental research and policy and should promote
participatory community-based approaches in research
and policy development.

The assessment recommended the establishment
of a long-term communication program to provide
public information for population groups with different
educational levels about environmental contaminants
studied by AMAP. This was intended to raise general
environmental and scientific literacy among Arctic
residents, including indigenous peoples.

In the interim report to Ministers in 2000 (AMAP,
2000) the AMAP HHAG reviewed the conclusions from
its Phase I assessment (AMAP, 1997, 1998) and found
them still to be valid. However, new data and significant
progress in laboratory and population studies presented
in the interim report gave rise to some additional
conclusions and recommendations:

* It was recommended to support further research and
evaluation of the sources and levels of exposure to
hexachlorocyclohexane (HCH) and DDT/DDE, in
market foods, water supplies, air, and industrial/
agricultural workplaces in Arctic Russia to identify
causes of elevated levels of these contaminants in
human tissues.

* Because lead shot, lead shot micro-fragments, and
dissolved lead found in subsistence game can be
a significant source of human lead exposure it
was recommended that this problem should be
extensively evaluated in regions where lead shot is
used for subsistence hunting.

e All countries were requested to undertake an
evaluation of their data on dioxins, furans and
co-planar PCBs and to determine the relative
contribution of these chemicals to the total TCDD
toxic equivalencies;

* It was suggested that data showing levels of
brominated flame retardants (e.g., polybrominated
diphenylethers) equal to those of the dominant PCBs
should be followed up.

¢ The relationship between immune system function
and POPs exposure should be more fully evaluated.

* Existing studies on mercury exposure should
be evaluated for subtle effects on infant
neurodevelopment and blood pressure.

The Interim Report concluded by recommending
that the Arctic Council implement the Phase II AMAP
Human Health program, with its emphasis on human
health effects and monitoring of spatial distributions
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and temporal trends according to a specified program of
activities, in order to improve the scientific background
for local advice to Arctic peoples.

1.6. Major conclusions of the human health
assessment in AMAP Phase II

The 2002 Human Health Assessment (AMAP, 2003)
concentrated on the concept of the combined effects
of environmental contaminants, as requested in the
AMAP Ministerial mandate. It addressed the modifying
influences, both positive and negative, of other
environmental factors that affect the human condition
and underline the need for a global assessment of
the linkages between health and the environment.
The 2002 assessment re-evaluated the relationship
between environmental contaminants and health
status for Arctic residents by integrating what was
known about multiple stressors. The assessment was
built on data generated and experience gained during
AMAP Phase I, but was mainly based on new data
from studies conducted during AMAP Phase II, and
other relevant research. It was the hope of the AMAP
HHAG that this assessment was a further step toward
a better understanding of the relationship and linkages
between health and environment in the Arctic.

The Phase II assessment concluded that current human
exposure to the existing level and mixture of contaminants in
the Arctic influences the health of some Arctic populations in
a negative manner. Subtle effects have been demonstrated to be
present at a sub-clinical level. The assessment encouraged
the expansion of the human health effects program
initiated through Phases I and II to allow a more holistic
assessment of the health of Arctic peoples. The Phase II
assessment stated that in some areas of the Arctic the
indigenous peoples enjoy the same level of health as the
non-indigenous populations, but in most areas their
health is significantly poorer. The assessment validated
most of the Phase I conclusions, highlighting the
availability of strengthened evidence to support several
of them, such as the influence of contaminants on fetal
and neonatal development supported by further evidence
from the Faroe Islands. The assessment stressed, however,
the paucity of population health effects data (reproductive
health outcomes, neurobehavioral development, immune
system response, hypertension and cardiovascular
diseases, etc.) for the Arctic. Further, although continued
monitoring provided new data on POPs body burdens
at the time of the 2002 assessment, significant temporal
trends could not yet be observed due to the short period
of observation and the scarcity of available archived
Arctic population samples for retrospective studies.

With regard to heavy metals, the Phase II
assessment emphasized concerns for in utero
exposure to methylmercury, due to observation of
dose-related, subtle neurotoxic effects in children
in some regions of the Arctic. This underscored the
importance of local public health strategies in some
regions to reduce the exposure of women of child-
bearing age and especially those that are pregnant.



At the same time, the nutritional importance of food
of marine origin has been reaffirmed, because the data
continued to show that populations’ transition from a
marine food to a market food diet reduces the intake of
most trace elements to a level below the recommended
daily intake. This further illuminated the importance
of developing a methodology for consistent, careful
and accurate risk-benefit analyses of traditional diets,
leading to balanced dietary advice taking both risks
and benefits into account.

The assessment reflected on the availability of new
information showing that uptake, metabolism and
excretion of xenobiotic substances are influenced by
both genetic and lifestyle (e.g., smoking, body mass)
factors and that these factors must be considered in
future research.

The future target of the AMAP human health
program was focused on new methodologies that could
integrate epidemiological and mechanistic biomarker
effects studies on human samples, making it possible
to estimate the effects of current exposure levels of
the actual mixture of contaminants (and metabolites),
possible interactions, and the modifying effects of
nutrients.

A set of recommendations from the Phase II
assessment included the following key components:

¢ To continue monitoring contaminants in human
blood and tissues in order to reveal temporal and
spatial trends.

¢ To continue towards the adoption of more uniform
methodologies for the objective assessment of diets
and estimation of exposure. In addition, to promote
studies on the nutrient content of traditional foods.

¢ To continue to support human population studies
of contaminant-related effects on reproduction and
fetal and child development, immune and hormone
status, and cancer.

¢ To influence the development of tolerable daily
intake guidelines thatare based onregional and local
needs and aim to strike a balance between benefits
from traditional foods and potential negative effects
from exposure to contaminants.

¢ Toadvise Arctic peoples to continue to eat traditional
foods and to breastfeed their children, taking
dietary recommendations into account.

e To strengthen international efforts to control
production, use and emissions to the environment
of persistent organic pollutants and mercury.

1.7. Scope of the 2009 AMAP human health
assessment

The AMAP human health program continues to focus
on contaminant exposure and the health effects of
such exposure, both for individual substances and
combinations of substances. Human exposures to
POPs and methylmercury continue to be of primary
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concern. The relevance of human exposure to new
xenobiotic compounds (such as polybrominated and
perfluorinated compounds) being identified in the
Arctic environment is of further concern.

The third AMAP human health assessment differs
in format from the first two assessments. The main
difference is in the frequent use of references to past
assessments (which are readily available via the AMAP
website). The report is shorter, and emphasizes new
data, new research findings, emerging trends, new
hypotheses to be tested, new Arctic policy initiatives
that have been influenced by the research community,
and new recommendations for future research and
risk-benefit analysis.

Human health in the Arctic is linked inextricably
to the climate and the Arctic ecosystem. Some of
these links include overlap between contaminant
cycling and climate (increased transport to and from
the Arctic), and contaminant exposure and risk of
infectious disease in Arcticanimals, and the associated
increased risk of transmission to subsistence users.
The latter is particularly relevant for indigenous Arctic
residents. Topics new to the AMAP health assessment
process, such as the health impact of climate change
in the Arctic, are presented in a condensed form in
Chapter 2.

The epidemic of obesity (Snodgrass et al., 2006)
and the increase in rates of diabetes (Young, 1993;
Bjerregaard et al, 2004b) among Arctic indigenous
populations can be traced to lifestyle and a dietary
transition away from traditional life practices
(Receveur et al., 1998; Berti et al.,, 1999; Fediuk et al.,
2002; Kuhnlein et al., 2004; Snodgrass et al., 2006).
There is a sound scientifically-based hypothesis that
contaminants exert an additive effect on an otherwise
obesitogenic lifestyle. In this way, contaminants
may exert a negative health effect at much lower
concentrations than previously anticipated (Hansen
et al., 2008).

Chapter 3 presents recent research findings
concerning food sources and diets of Arctic
populations, and how food choices, availability and
consumption patterns influence their nutritional
status and exposure to contaminants. Specific aspects
of contaminant-nutrient interactions are examined
in detail in Chapter 7.

Topics discussed at length in the previous
assessments, such as descriptive discussions of Arctic
indigenous residents, basic toxicology of well-known
organic compounds and metals, and details of analytical
procedures and quality control and quality assurance
procedures are not repeated. However, new data on
these topics is integrated into Chapters 4 and 7.

The indigenous populations of the Arctic often live
in remote, small communities with little economic
opportunity. The result is that these residents are more
likely to harvest and consume subsistence wildlife,
and are more likely to be exposed to contaminants that
bioaccumulate in living organisms and biomagnify
in the food chain. Chapter 5 examines the extent of
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human exposure based on current biomonitoring data
across the circumpolar region and provides new data
on temporal and spatial trends, which includes Russian
data, not available in previous assessments.

Assessment of human health impacts in Arctic
populations exposed to contaminants is complex: small
populations; exposures to mixtures of contaminants;
mitigating effects of micronutrients which co-exist
with contaminants; confounding effects of lifestyle
choices (i.e., alcohol consumption and use of tobacco),
increasing prevalence of obesity and diabetes mellitus;
and the influence of genetic and epigenetic factors.
Chapter 6 undertakes a detailed review of cardinal
genetic and epigenetic factors associated with
exposures and effects of exposures in some Arctic
populations.

The health status of Arctic populations is presen-
ted in an abbreviated form at the start of Chapter 8, as
an update to the 1998 and 2002 assessments, and focuses
on key indicators of health outcomes. A large part
of Chapter 8 concerns the public health significance
of environmental contaminants exposures, with
a specific focus on prenatal exposure and adverse
developmental effects resulting in altered immune
and nervous system function early in life. New data on
cardiovascular outcomes related to mercury exposure,
and potential POPs effects on the hormonal system are
also discussed.

The importance of sensitive risk communication
in preventing risk transfer and facilitating the overall
reduction of health risk is clear. The perceptions of risk
associated with various exposures to environmental
chemicals and the sense of fear, anxiety, and loss
of control that these perceptions fuel, may have an
additional effect on human health, and thus on well-
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being, by having a lasting impression on personal
choices in diet and lifestyle (Donaldson et al., 2007).
Chapter 9 describes and evaluates how results from
research and related advisories are communicated
back to communities, the types of methodologies used,
the types of impact that they have, and suggestions
for the development of a more effective circumpolar
communication strategy.

Indigenous peoples in the Arctic are living through
a period of dramatic cultural and social change.
Stresses imposed by the discrepancy between
modern and traditional values may be so strong
and unfamiliar that they affect the health of both
individuals and communities (Bjerregaard et al,
2004b). Understanding and addressing the greater
health disparities, the greater contaminant exposure
of some remote indigenous communities, and the
complexity of the interactions between contaminants
and other health factors inevitably requires more
research. This assessment concludes by identifying
areas where further research is needed.

The 2008 human health assessment seeks to share
thelatestinformation ontrendsinexposure, todiscuss
new perspectives on genetic susceptibility, to assess
the latest toxicological advances, and to highlight
the most up-to-date results from various cohort
studies, thereby adding to the body of knowledge on
environmental contaminantimpacts on humanhealth
in the Arctic. AMAP, aided by many academic and
public health experts in the circumpolar countries,
hopes that better understanding of environmental
contaminant impacts in the public health context
will help Arctic peoples in better maintaining and
improving their health and well-being.
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Chapter 2

Factors Influencing Human Exposure to
Contaminants and Population Vulnerability

Andrew Gilman, James Berner, Shawn Donaldson, Aleksej A. Dudarev, Henning Sloth Pedersen, Jon Qyvind Odland

Summary

Contaminants in the Arctic are either produced
and released locally (e.g, waste sites, old military
sites, mining) or more often, are transported to the
Arctic from distant sites by a variety of mechanisms,
especially air and water currents. Once in the Arctic,
contaminants can either remain unchanged or can
undergo some chemical or physical state change. They
can move between compartments, enter the lower
trophic levels, move between regions, undergo ‘burial’
in sediment, or be removed from the Arctic by a variety
of mechanisms. These processes can be accelerated
or slowed by changes in one or more components of
climate and local weather. The characteristics of the
contaminant compound are equally important, in
that transport, uptake and metabolic degradation are
all influenced by volatility, solubility characteristics,
and attraction to particles. How climate change will
affect the distribution of contaminants is still not well
understood and affects the precision of population
health predictions. Social and psychological impacts
of contamination, changes in cultural dynamics
and employment and the availability and quality of
traditional food and water can also influence health
outcomes. Industrialization of the Arctic (exploration
and extraction of resources) can have benefits and
costs. Awareness of how other determinants of
health influence exposure to contaminants and how
contaminants exacerbate changing health conditions
are important considerations of a holistic assessment.
National, regional and international management
of chemicals and waste clean-up efforts are likely
to reduce the losses of deleterious substances to the
environment and, in the long term, reduce exposure of
Arctic populations to chemicals and metals of concern.

2.1. Introduction

This chapter addresses briefly how global climate
change and climate variability, global and regional
control initiatives, local industrial activities and
social and cultural activities may be influencing
environmental contamination and/or human
exposure and vulnerability in the Arctic. The
chapter provides some background and scope for
the chapters which follow; however, it does not
provide detailed information in each area because
complete and more extensive reference documents
are available and these are cited in the sections that
follow. The chapter ends with a series of conclusions
and recommendations.

2.2. Global influences
2.21. Climate change

This section is a new addition relative to the previous
AMAP assessment of human health in the Arctic
(AMAP, 2003). The topic of climate change impact on
contaminants has been discussed in some detail in
other publications, including the Canadian Arctic
Contaminants Assessment Report II (NCP, 2003), the
AMAP assessment of the influence of global change on
contaminant pathways to, within and from the Arctic
(Macdonald et al, 2003), and a special edition of the
International Journal of Circumpolar Health (Kraemer
et al.,, 2005). The reader is referred to these reports for an
in-depth discussion of the topic, from both the climate
and transport pathway perspective and the human
health perspective.

The perspective of the present discussion is that of
the potential effect of the recent climate trends, and
those that climate models predict, on the contaminant
exposure of Arctic human residents. Topics discussed
include basic Arctic climate processes, observed
trends in Arctic climate, model predictions for Arctic
climate, potential impacts of predicted changes on
levels of contaminants in the Arctic, and vulnerability
of biological species (including human populations
and the species upon which they depend for food).

2.2.1.1. Arctic climate

As is the case globally, the Arctic has experienced a
warming trend over the past century. In general, the
amount of warmingin the Arcticis greater than the global
mean average, with most of the warming experienced in
winter, where certain parts of the Arctic have averaged
a 5 °C to 7 °C increase over the past four decades. This
is particularly true in northwestern Canada, central
Alaska, and eastern Siberia. Some regions have not
warmed, or have even undergone slight cooling over the
same period, such as eastern Arctic Canada and southern
Greenland. Large sections of the central Arctic have no
temperature time series for that period, so nothing can
be said for those regions (ACIA, 2005).

Additional changes include warming of the Atlantic
Ocean water entering the Arctic Ocean at a depth
of 200 m to goo m over the last four decades and
warming of the Bering Sea water entering the Arctic
through the Bering Strait over the last two decades.
In terrestrial ecosystems there has been warming of
permafrost temperatures in Alaska and Arctic Russia,
decreased snow and ice cover, decreased sea-ice cover,
increased plant growth in the Arctic, increased primary
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production of terrestrial algae in freshwater lakes, and
northward movement of the tree line in those most-
warmed Arctic regions (ACIA, 2005).

2.2.1.1.1. Arctic climate processes

The record of climate change in the Arctic and sub-
Arctic over the last 40 years is not homogeneous. Global
climate models predict that future changes will not
be homogeneous and will produce different climates
between and within regions. These changes may lead
to an altered definition of what is currently considered
‘Arctic’ by AMAP and could then affect how resources
are assigned for adaptation strategies and Arctic
observation and monitoring.

Climate and weather in the Arctic are greatly
influenced by the land masses surrounding the Arctic
Ocean, as well as by the Arctic Ocean, itself. The same
climate-forcing elements that act globally, are operant in
the Arctic, including greenhouse gases, solar variability,
and volcanoes. Other forcing elements include weather
patterns at lower latitudes. These give rise to Arctic
and sub-Arctic circulation regimes that result in great
natural variability in Arctic climate, over long and short
time scales and among regions in the Arctic. Feedback
mechanisms resulting from clouds, surface reflectivity
(albedo), exposed tundra and seawater, all have
significant effects on surface temperature, sometimes
over multi-year time scales (Richter-Menge et al., 2006).

Permanent cyclonic wind patterns exist over the North
and South Poles. Over the North Pole, this tropospheric
wind pattern, influenced by the presence of continental
land masses and oceans, creates a set of semi-permanent
atmospheric pressure fields in the Arctic and sub-Arctic
circumpolar regions. The Arctic Polar Vortex is strongest in
winter and weakest in summer, in contrast to the Antarctic
Polar Vortex, which is much stronger and more constant.

The semi-permanent circumpolar pressure fields
consist of two areas of generally low pressure over
northern ocean areas and three generally high-pressure
fields over land masses. These fields are all much stronger
in winter, reflecting the stronger Polar Vortex at this time.
The most persistent low-pressure fields are centered in
the North Pacific over the Aleutian Islands (the ‘Aleutian
Low’) and over Iceland (the ‘Icelandic Low’) extending
to the Barents Sea. A stable high-pressure field, the
‘Siberian High', exists over the eastern Siberian region
in winter and disappears in summer. A second high-
pressure field exists over the Chukchi Sea—Beaufort Sea
area extending to the Yukon region of western Canada.
A third high-pressure field, the ‘Arctic High’, usually
occurs over Baffin Island (ACIA, 2005).

The significance of the semi-permanent pressure
fields for the transport of contaminants is the formation
of relatively predictable wind patterns from the northern
mid-latitudes into the Arctic. The Siberian High
forces northward air circulation on its western edge
transporting contaminants from Eastern Europe and
Russia to the Arctic, whereas the ridge of high pressure
over western Canada transports Arctic air south to
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the mid-latitudes of North America. The Icelandic
Low creates strong westerly winds from eastern
North America to the southern Norwegian Sea, where
southerly winds transport the airborne contaminants
from southern Europe and Scandinavia and the eastern
part of North America into the Arctic. The Aleutian Low
circulates air from Asia westward and northward into
Alaska and the Bering Sea and then into the Arctic.
Along the course of the wind circulation patterns,
precipitation can scavenge airborne contaminants into
seawater, where the surface currents generally reflect the
surface winds, and transport is slowed considerably for
this fraction of the contaminant load. In this atmospheric
circulation pattern, very significant amounts of air
(and contaminants) are transported into the Arctic. It is
estimated that the Siberian High contributes about 15%,
the Aleutian Low about 25%, and the Icelandic Low about
40% of the air movement into the Arctic (Iversen, 1996).

2.2.1.1.2. The Arctic Oscillation Index

The Arctic Oscillation (AO) Index is an expression of the
relative strength of the atmospheric pressure field at sea
level in the high Arctic, compared with the field strength
in the northern hemisphere mid-latitudes. The index is
expressed as a unitless number, relative to a 50-year norm.
When the atmospheric pressure in the Arctic is lower and
the pressure in the mid-latitudes is higher, the AO Index
is positive; when the reverse is the case, the AO Index is
negative. These two variations represent the dominant
circulation regimes in the Arctic. Between the 1950s and
the late 1980s the AO Index was low and fluctuating.
Following this period the AO Index became strongly
positive, until around 2000 when the trend changed to
follow more the pre-1990s pattern. There is a big difference
in climate between a strong AO negative regime and a
strong AO positive regime (Richter-Menge et al., 2006).

Witha strong positive AOindex, thereis strong cyclonic
wind circulation in the Icelandic Low and warm, wet airis
moved into the Arctic with resultant cyclonic movement
in Arctic Ocean ice and surface air. Freshwater input from
contaminant-laden Arctic Russian rivers is diverted to the
east, as much as 1000 cubic kilometers of water per year,
into the Canada Basin, with a high probability of flow
through the Canadian Archipelago into the Labrador Sea.
Under these conditions, the residence time of this water
in the Arctic Ocean is significantly increased (from 2 to
10 years), resulting in increased length and concentration
of exposure of species living in the ocean. Under these
circumstances, exposures of residents of eastern Arctic
Canada who depend on food species living in the marine
environment increase.

Under strong AO negative conditions, the Arctic air
is colder, sea-ice extent is greater and cold air flows into
the northern and mid-latitudes of North America and
Eurasia. Russian river discharge and sea ice tend to flow
into the central Arctic Ocean and out through the Fram
Strait with exposure of the residents of eastern Greenland
to discharged Arctic Russian river contaminants. Surface
air in the Arctic tends to circulate in an anti-cyclonic
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pattern, as does surface ice, as the transpolar ice drift
shifts toward the North Pole and away from the Canada
Basin (Macdonald et al., 2003).

2.2.1.2. Ocean processes affecting Arctic climate and
contaminant transport

Oceans tend to moderate extremes of temperature, and
increase precipitation in the regions adjacent to them. In
addition, the major currents into the Arctic deliver heat
energy from warmer lower latitudes. The Arctic serves as
a major heat sink for the northern hemisphere. The recent
trend in reduction of sea-ice cover increases the energy
absorption of the Arctic Ocean and increases atmospheric
moisture exchange. This change has the potential to affect
the strength and size of existing high- and low-pressure
fields in ways that are difficult to predict.

In the Atlantic, the global thermohaline circulation
delivers warm salty water to the Fram Strait and Barents
Sea and moderates the Arctic-like climate of the northern
coastal region of Scandinavia. In the Pacific Ocean, where
seawater temperatures have warmed over the last three
decades, water from the north-flowing currents off the
Asian coast and the currents from the eastern North
Pacific flow into the Bering Sea and through the Bering
Strait at an average of about 800 ooo cubic meters per
second (Melling et al., 2005).

2.2.1.3. Lower latitude ocean processes that affect
Arctic contaminant transport

While the Arctic Oscillation is a climate regime that is a
response to tropospheric winds, the Southern Oscillation
(in the equatorial Pacific Ocean) is not. Instead, the
Southern Oscillation refers to the change in gradient of
the difference in sea level barometric pressure between
the southeastern tropical Pacific and the Australian-
Indonesian regions, this causes changes in the wind fields
that result in periods of anomolously warm surface waters
in the eastern Pacific Ocean (‘El Nifio’ events) and periods
of cold-water upwelling along the South American coast
(El Nina conditions). El Nifio events have now been
combined with the Southern Oscillation to become El
Nifio—-Southern Oscillation, or ENSO, events. For the
most part, these weather responses take place in the mid-
latitudes of both the northern and southern hemispheres.
It has been discovered, however, that ENSO events
result in significant wind transport to Baffin Island, thus
exposing that region to contaminants produced in distant
southern regions (Macdonald et al., 2003).

2.2.14. Arctic climate model predictions

In general, depending on the carbon dioxide production
scenario chosen for a given model run, the mean air
temperature in the Arctic is predicted by climate models
to increase slowly over the next eight to ten decades by
between 3 °C and 7 °C, with an increase in precipitation,
mostly as rain. The predicted warming will not be
uniform, nor will the precipitation. The model predictions
include a reduction in sea ice, with perhaps a complete

disappearance of sea ice in summer, along with a rise in
sea level of perhaps 20 — 50 cm (ACIA, 2005). However,
because the observed loss of permanent sea ice has been
greater than the most pessimistic model predictions
(Stroeve et al., 2007), Hansen et al. (2007) have suggested
that sea level rise could be as much as one meter.
Associated with the rising air temperatures predicted
are decreases in permafrost in some regions, decreases
in the extent of major ice fields, northward movement
of the tree line, an increase in levels of ultraviolet (UV)
radiation and possibly an increased river discharge from
certain Arctic Rivers, notably the Mackenzie River in
Canada and the Ob River in Russia (ACIA, 2005).

2.2.1.5. Possible impact of future climate change on
contaminants in the Arctic

While climate models cannot predict future trends in
the AO Index, the basic scenarios describe many of the
characteristics of a strongly positive AO Index. A brief
summary of some of the major impacts possible in this
climate regime on the transport and fate of contaminants
in the Arctic are presented below. It is important to
remember that the contaminant concentrations in Arctic
environmental matrices and biota (including humans)
are a product of transport and removal mechanisms,
flux between environmental compartments and
residence time within environmental compartments,
and international efforts to manage chemical and metal
releases to the environment. In addition, geochemical
cycling, biological uptake and metabolic degradation,
movements of wildlife species and availability of species
for human consumption as well as human food choice,
are all contributors to measured contaminant levels in
Arctic matrices. Any discussion of current or possible
future trends can only take place with a full knowledge
of all the variables involved, many of which are yet to
be discovered. All known factors that affect human
exposure to contaminants are impacted by climate.

Warming air temperature at lower latitudes will
increase volatilization of most organic contaminants
and mercury. Under strong AO positive conditions, air
transport will be increased into the Arctic, particularly
into the Canada Basin and perhaps into the Canadian
Archipelago. In the presence of increased precipitation,
there could be increased scavenging by rain and snow
which will increase delivery of airborne contaminants
to seawater, fresh water systems and terrestrial
environments. Toxaphene and hexachlorocyclohexane
(HCH) are both subject to this behavior (Ma et al,
2003). Increased precipitation will scavenge organic
contaminants with differing efficiency, reflecting the
solubility of the compound. For example, polychlorinated
biphenyls (PCBs) are most effectively scavenged by snow;
HCH isomers are most effectively scavenged by rain (Lei
and Wania, 2004).

An extended ice-free area in the Arctic Ocean will
favor partitioning into seawater, as well as scavenging
by precipitation. The quantity of PCBs transferred from
the atmosphere into the Arctic Ocean is estimated to be
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about 20 tonnes per year and increases in the ice-free
area of the Arctic Ocean would increase that amount
proportionately. Other contaminants such as HCH may
be removed faster than they accumulate by means of
gaseous evasion from surface seawater (Macdonald et
al., 2005). In addition, warming water favors microbial
activity, which has been shown to reduce the half-life
of HCH (Harner et al., 2000). Using DDT and PCBs as
examples, it appears that melting sea ice will add little
to the contaminant load of the Arctic Ocean (NCP, 2003).

Increasing areas of ice-free margins in the Arctic
Ocean and Bering Sea are also associated with northward
movement of marine species such as Pacific salmon
(Oncorhynchus spp.) (Welch et al, 1998) that spawn in
streams and die, adding their contaminant load to local
ecosystems (Ewald et al, 1998). Ice-free Arctic model
projections and actual reductions in summer sea ice, for
longer periods of time, are likely to lead to greater vessel
traffic with increasing likelihood of contaminant spills,
and the appearance of invasive species originating from
vessel ballast water (Occhipinti-Ambrogi et al,, 2007).

Warming winter air temperatures will increase
the vapor concentration of many volatile organic
compounds in the atmosphere during winter, which
could increase air transport movement toward the
Canada Basin in AO positive conditions, and to lower
latitudes in AO negative conditions. Contaminants
such as polybrominated diphenylethers (PBDEs) and
polybrominated dibenzodioxins (PBDDs) are highly
particle-bound, which may reduce the chance for photo-
degradation during air transport. The concentrations of
these compounds, which are still rising, closely follow
production and release data and may well do so into the
future (Macdonald et al., 2005).

Mercury transport by atmospheric means appears to
reflect its production and release, such as releases from
the increasing use of coal-fired power plants (Munthe et
al., 2001). Mercury is effectively scavenged by any form
of precipitation (Macdonald et al, 2005). The mercury
can then enter the trophic web at the same time that
rising temperatures and incident solar radiation are
increasing productivity. Here, mercury can undergo
methylation and be delivered to higher trophic levels
directly or be transported by runoff to local and distant
marine ecosystems. Methylmercury is extremely toxic
and the process of methylation is known to increase
as temperature increases. It may well be the case that
the effect of climate change on methylation is the most
important effect from the perspective of human and
wildlife health (Outridge et al., 2008).

Precipitation is predicted to be most increased in
northern Scandinavia and eastern Greenland. The
increase in precipitation over continental areas is
predicted to increase the flow of the Ob River and the
Mackenzie River by as much as 20%. The drainage
basins of these two rivers are quite large and scavenged
mercury (and organic contaminants) entering the Arctic
Ocean could increase as a result (Manabe et al., 2004).
Depending on the circulation regime, this load would
be diverted to the Canada Basin or the Fram Strait,
increasing the exposure of the biota and residents of two

AMAP Assessment 2009: Human Health in the Arctic

different areas of the Arctic.

Cadmium cycles geochemically in the surface waters
of the marginal areas of the Arctic Ocean and most
of the water-borne cadmium enters the Arctic from
Pacific Ocean water via the Bering Strait and flows
predominantly through the Canadian Archipelago into
the Atlantic. The Pacific Ocean has a higher cadmium
content due to global biogeochemical cycling (NCP,
2003). Since the 1940s, flow through the Bering Strait
has decreased by 15%. Trends in the cadmium content
of the Bering Strait water are not known and while sea
level rise may increase the inflow, at present it is limited
to about one million cubic meters per second by the
physical characteristics of the Bering Strait. Cadmium
exposure in the Arctic Ocean is likely to be more heavily
influenced by upwelling of Pacific Ocean water onto
Arctic Basin shelves (due to loss of sea-ice cover) than by
increasing flow through the Bering Strait (ACIA, 2005).

Climate is affected by incident UV radiation, which
is predicted to increase for at least the next 50 years
due to ozone loss in the stratosphere and to the effect
of certain greenhouse gases (Schindell et al., 1998). Over
the period 1979 to 2000, ozone loss averaged 3% per
decade, with a resulting increase in UV radiation (ACIA,
2005). UV radiation is the driving force in the mercury
depletion events (MDEs) that take place at polar sunrise
in the Arctic. These MDEs result in a dramatic removal
of mercury from the sea level atmosphere. Deposition
of mercury in near shore and terrestrial environments
during these spring-time events coincides with seasonal
increases in microbial methylation and lower trophic
production as temperatures warm. The effect of thawing
permafrost, as well as aquatic plant productivity, can
affect the dissolved organic carbon content of terrestrial
and near-shore water, which has a more profound effect
on UV penetration in water than does the level of ozone
depletion currently recorded (NCP, 2003). UV radiation
is also known to drive photo-oxidation of mercury in
surface waters, which favors gaseous evasion (Lalonde
et al., 2001), and to break large organic compounds into
smaller simpler compounds which can combine with
mercury and enter the trophic web as methylmercury.

Thus, the net effect of UV radiation on mercury is
mixed, and the net effect on the mercury budget in the
Arctic is difficult to predict. Probably the most important
interaction between UV radiation and mercury concerns
methylation/demethylation dynamics.

Interaction of UV radiation with oil-spill hydrocarbons
increases their toxicity to biological systems. As oil and
gas development and transport increase, the likelihood of
a spill increases. Increased UV radiation may enhance the
risks to health of spilled hydrocarbons (Huovinen, 2000).

2.21.6. Concluding comments

Arctic climate has historically shown great variability
and the ability to change suddenly. The mechanisms
and thresholds for these sudden changes are not
fully understood. It is clear that the Arctic climate
is currently undergoing rapid change. Models for
the Arctic generally predict greater warming and
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increasing precipitation, although with large variations
within regions.

All aspects of contaminant transport and behavior in
the Arctic are profoundly influenced by climate. Warmer
temperatures and increased precipitation, conditions
consistent with a positive AO Index, will result in greater
flow of water and surface air into the Canada Basin and
thus greater exposure for that region from transported
contaminants. A greater extent of ice-free seawater in
the Arctic may favor partitioning of some contaminants
into seawater from the atmosphere and increase gaseous
evasion and removal of others such as HCH.

Increasing concentrations of contaminants in the
atmosphere will probably lead to increasing levels
of contaminants in the environment and in biota.
Contaminant exposures in human populations are
harder to predict. The location, population size
and availability of marine food species will change
as temperatures rise and sea ice retreats. These
changes could increase or decrease human exposure
depending on the concentrations of lipophilic
compounds in food species and the extent to which
different food species are consumed.

The structure of the food web might also change as
a result of invasive species. Because climate change is
rapidly altering temperature, precipitation and sea-ice
cover, the Arctic ecosystem is in a rapid state of flux.
Some species are moved toward the margin of where
they can survive, while conditions become favorable for
some species foreign to the Arctic. When an invasive
species finds a transport pathway to this new ‘favorable’
location, species population dynamics can alter rapidly.
Transport pathways could include the water, biological
populations themselves (mammals, fish, birds) or ballast
water from vessels using the North West Passage for
transport of goods and supplies.

Mercury emissions related to coal-fired power plants
are likely to increase in the near term, and perhaps
longer. The atmospheric transport is efficient, and
scavenging, methylation, biological uptake, and wildlife
tissue levels of methylmercury may all rise in future. If
top level marine predators become less available or are
less frequently consumed, human contaminant levels
may rise more slowly, or decrease. Large predatory fish
may show increasing levels and could pose a risk. Local
and regional monitoring programs designed to assess
trends of contaminants remain the best approach to
formulation of public health consumption guidelines.

2.2.2. Global and regional treaties

Global and regional agreements to eliminate or control
persistent organic pollutants (POPs) and metals now
exist and are part of the global effort to lower emissions
to the environment and ultimately to lower human
exposure to these substances. National legislation is used
by countries to implement these agreements and other
national policy priorities on POPs and metals. These
agreements, and the national implementation of these
agreements, represent a substantial effort to reduce risks
to health. Chapter 5 of this assessment addresses levels

of contaminants in human blood and breast milk as part
of the AMAP effort to determine trends throughout the
Arctic. Chapter 5 also provides information on whether
these global and regional initiatives are ultimately
effective in lowering human exposures (lower human
tissue concentrations). Chapters 6, 7, and 8 address toxic
effects and health outcomes of populations exposed to
POPs and metals that are currently, or could become,
part of these global and regional control agreements.

2.2.2.1. Stockholm Convention

TheStockholm Convention on PersistentOrganic Pollutants
is the major international and legally-binding instrument
for the management of POPs. This ‘global’ agreement
came into force in May 2004 and has been ratified by
more than 160 countries to date (March 2009); however,
some major producers of chemicals have not yet ratified
the Convention (UNEP, 2008a). Among Arctic countries,
only the United States and the Russian Federation have
signed but not ratified the Convention. Countries which
have signed the Convention must develop and submit for
scrutiny, National Implementation Plans (NIPs) that fully
address issues related to the management of chemicals
(e.g., legislative capacity to manage chemicals, stockpiles,
wastes, production, use) prior to ratifying the Convention
and so becoming ‘Parties’ to the Convention.

The Convention currently lists 12 substances for
elimination or control under its Annexes (Table 2.1)
and has provision for the addition of other substances.
To date, Parties to the Convention have nominated 12
new substances to be added to the Annexes (Table 2.1).

Table 2:1. Chemicals currently listed under the Annexes to the
Stockholm Convention (UNEP, 2008b) and chemicals proposed
to be added to the Convention Annexes. Source: UNEP (2008c).

Chemicals currently Chemicals proposed for
listed addition (see footnote page 14)

Aldrin?® PentaBDE® ¢
Chlordane® Chlordecone ¢
Dieldrin? HBBYd
Endrin? Lindane®¢
Heptachlor® PFOS? ¢
HCB#? OctaBDE® ¢
Mirex? PeCBYd
Toxaphene*® SCCP*
DDT? a-HCH >4
PCB® p-HCH*¢
PCDDce Endosulfan®¢
PCDEF¢ HBCDD?" ¢

HCB: hexachlorobenzene; DDT: dichloro-diphenyl-trichloroethane;
PCB: polychlorinated biphenyls; PCDD: polychlorinated dibenzo-
p-dioxin; PCDE: polychlorinated dibenzo-furan; PentaBDE:
pentabromodiphenyl ether; HBB: hexabromobiphenyl; PFOS:
perfluorooctane sulfonate; OctaBDE: octabromodiphenyl ether; PeCB:
pentaclorobenzene; SCCP: short-chained chlorinated paraffins; a-HCH:
alpha-hexachlorocyclohexane; 3-HCH: beta-hexachlorocyclohexane;
HBCDD: hexabromocyclododecane.

2 pesticide; * industrial chemical; © industrial by-product; ¢ considered a
POP and risk management evaluation complete; ¢ under consideration.
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At present, nine are determined to be POPs (i.e, the
substance is .. ‘likely as a result of its long-range
environmental transport to lead to significant adverse
human health and/or environmental effects such
that global action is warranted’). Risk Management
Evaluations for these nine substances have been
completed and recommendations have been provided
to the Parties to the Convention for their addition, with
appropriate exemptions, to the Convention Annexes'. One
of the three remaining substances (hexabromocyclodode-
cane) is under review to determine if it warrants a more
detailed review (development of a risk profile) and the two
others (short-chained chlorinated paraffins and endosulfan)
are at the detailed risk review phase to determine if they
are POPs as defined by the Convention.

Countries that are already Parties to the Convention
will be able to choose individually whether to
implement restrictions on new substances added to
the Annexes of the Convention; other countries will
have to accept all restrictions for all substances found
in the Annexes at the time they become Parties to the
Convention.

2.2.2.2. UNECE POPs and Metals Protocols
to the LRTAP Convention

The Convention on Long-range Transboundary Air
Pollution (LRTAP) supported the development of two
protocols for the management of substances in the mid-

Table 22. Chemicals and metals listed under the Annexes to
the UNECE Protocols on POPs (UNECE, 2008a) and Metals.
Source: UNECE (2008b).

Chemicals currently listed

Aldrin®® Cadmium
Chlordane®® Lead
Chlordecone *® Mercury
DDT®®

Dieldrin*®

Endrin®"

Heptachlor*®

HBBY ¢

HCB a,b,cd

HCH=>¢

Mirex *®

PAH !

PCB b, c

PCDD¢f

PCDF¢f

Toxaphene®®

Metals currently listed

DDT: dichloro-diphenyl-trichloroethane; HBB: hexabromobiphenyl;
HCB: hexaclorobenzene; HCH: hexaclorocyclohexane; PAH:
polyaromatic hydrocarbons; PCB: polychlorinated biphenyls;
PCDD: polychlorinated dibenzo-p-dioxin; PCDEF: polychlorinated
dibenzo-furan.

2 pesticide; ® no production or use permitted; © industrial chemical; ¢ limits
on emissions; © restrictions on use; f industrial by-product.

AMAP Assessment 2009: Human Health in the Arctic

Table 2:3. Chemicals ‘newly’ identified by the parties as POPs
and awaiting assignment to an annex(es) of the POPs Protocol,
and chemicals nominated by a party for review to determine
whether they are POPs under the definition of the POPs
Protocol. Source: UNECE (2009).

Newly identified chemicals Chemicals nominated for

awaiting assignment review
HCBD Dicofol
OctaBDE Endosulfan
PCNs PCP
PentaBDE Trifluralin
PeCB

PFOS

SCCP

HCBD: hexachlorobutadiene; OctaBDE: octabromodiphenyl ether;
PCNs: polychlorinated naphthalenes; PentaBDE: pentabromodiphenyl
ether; PeCB: pentachlorobenzene; PFOS: perfluorooctane sulfonates;
SCCP: short-chained chlorinated paraffins; PCP: pentachlorophenol.

1990s: one related to POPs and the other to heavy metals
(UNECE, 2008a,b). The POPs Protocol and the Heavy
Metals Protocol under the United Nations Economic
Commission for Europe (UNECE) were both signed in
1998 and came into force in 2003. Both have now been
ratified by 29 countries (as of December, 2008).

Sixteen POPs and three heavy metals are currently
covered by the two protocols (Table 2.2).

The protocols identify bans and restrictions, emission
limits, and codes of best practice related to POPs and
metals for the member countries of the UNECE that
have ratified the Protocols. All Arctic nations have
ratified the two protocols except for the United States
and the Russian Federation.

The Executive Body to the Convention is currently
considering the addition of seven substances considered
to be POPs according to the definitions of the POPs
Protocol and reviewing another four to determine
whether they should be considered POPs under the
Protocol’s definitions (Table 2.3).

2.2.2.3. EU Agreements

The most recent regulations related to chemicals
and metals management in the European Union
are incorporated in the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH)
agreementmanaged by the EU Environmental Chemicals
Agency (ECHA) (REACH, 2007). REACH entered into
force on 1 June 2007 to streamline and improve the former
legislative framework on chemicals of the European
Union. This integrated program was operational by
mid-2008 and enables restrictions and authorizations to
be put in place for a wide range of substances.

Through REACH all producers and importers of
chemical substances in the EU must ‘register’ their
substances with ECHA (i.e., specify risks related

'In May 2009, at its fourth meeting, the Conference of the Parties to the Stockholm Convention decided to list all nine substances (together with
appropriate exemptions) to Annexes A, B, or C of the Convention. These substances are those with footnote ‘d’ in Table 2-1.
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to the substance, the amount of the substance
produced or imported and information about the
producer or importers, including their name and
address). Registration forms are managed by ECHA
in cooperation with national authorities of member
states. Documentation received is ‘evaluated” with
specific replies to the producers or importers about
problems related to the substances. Based on a
determination by ECHA, those substances with
significant health and environmental risk may only
be used in an approved manner or not at all.

2.2.2.4. North American Agreement on Environmental
Cooperation

The North American Agreement on Environmental
Cooperation (NAAEC) was created as a side agreement
to the North American Free Trade Agreement of
1994. One component of the NAAEC, signed by
Mexico, Canada and the United States in 1994, was
the creation of the (North American) Commission
for Environmental Cooperation (CEC). The CEC put
in place a Sound Management of Chemicals initiative
in 1995 and successfully coordinated, through the
three Parties, the elimination of use of all 12 original
substances listed under the Stockholm Convention
on a continent-wide basis by 2004. It also developed
a North American environmental monitoring and
assessment plan (CEC, 2008). Action taken by the

Table 2-4. Activities and substances addressed through the
North American Commission for Environmental Cooperation
initiative on the Sound Management of Chemicals. Source:
CEC (2008).

Substance Action

NARAP required
Chlordane Production and use eliminated
DDT Production and use eliminated
Lindane Production and use eliminated
PCB Production ended, no new uses,

phase out and destruction
PCDD, PCDE, HCB  Best practices and waste manage-
ment

Environmental Consistent, compatible, comparable
monitoring and environmental and health monitor-
assessment ing data

NARAP not required
Dieldrin Substance not in use in North America
Aldrin Substance not in use in North America
Endrin Substance not in use in North America
Heptachlor Substance not in use in North America
HCB Substance not in use in North America
Mirex Substance not in use in North America
Toxaphene Substance not in use in North America
a-HCH Substance not in use in North America
p-HCH Substance not in use in North America

NARAP: North American Regional Action Plan

three countries is shown in Table 2.4. The initiative
was re-oriented in 2006 to address three key items:
(1) to foster tri-national collaboration for the sound
management, throughout their lifecycles, for the full
range of substances of mutual concern, including tri-
national aspects of high production and high volume
(HPV) chemicals; (2) to provide consistent, compatible
and comparable data for decision-making in North
America; and (3) to build capacity for sustained
environmental monitoring and assessment.

2.2.2.5. Russian Agreements

In 2003, Russia announced the ‘Key Provisions of the
State Policy to Ensure Chemical and Biological Safety
of the Russian Federation for up to 2010 and for the
Longer Term'. The announcement defined the aims, key
principles, priorities, objectives and state support actions
for the policy which focuses on ensuring chemical and
biological safety of individuals, society and the state.
There are over 15 codes and federal laws underpinning
the policy (Eco-Accord, 2003).

Russia has participated in the development of five
key international agreements related to chemicals and/
or metals management. It has signed and ratified the
Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and Their Disposal.
It has signed but not ratified the Stockholm Convention
on Persistent Organic Pollutants and is completing its
National Implementation Plan (required for ratification)
(see section 2.2.2.1). It has also signed but not ratified the
Rotterdam Convention on the Prior Informed Consent
Procedure for Certain Hazardous Chemicals and
Pesticides in International Trade. Russia has been actively
involved in the Strategic Approach to International
Chemicals Management (SAICM). In 2006, Russia
agreed to ‘achieve the sound management of chemicals
throughout their life-cycle so that, by 2020, chemicals are
used and produced in ways that lead to the minimization
of significant adverse effects on human health and the
environment’. Russia was also an active participant in the
development of the LRTAP POPs and Metals Protocols
but has not yet signed and ratified these protocols.

2.2.2.6. Concluding comments

Sound management of persistent, bioaccumulative,
and toxic chemicals and metals which can travel long
distances from their sources is essential for reducing
human exposure to contaminants in the Arctic. Effective
control of these substances will be a significant factor
in global reductions in environmental and human
residue levels. All the Arctic countries are supporters of
domestic and international action to effectively manage
substances which can harm health and the environment;
however, not all Arctic countries have ratified the key
international instruments currently in force.

Monitoring will be essential to determine whether
national, regional and international controls are effective
in reducing contaminant loading to the Arctic and
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concentrations of contaminants in the food chain and in
human tissues.

2.3. Influences of local activities on
contaminant exposure and
community well-being

Mining, oil and gas exploration and extraction
activities, and waste sites have the potential to
contribute to loadings of POPs and metals in the Arctic
region. These activities can also lead to community
stress through in-migration and out-migration of
workers, disease introduction and vector transport,
socio-economic issues, and other impacts on health
determinants. Individuals under stress may be more
vulnerable to the effects of contaminants.

2.31. Mining
2.3.1.1. Alaska

In Alaska, current large-scale mining operations consist
of a single coal mine and an open pit lead-zinc mine. Both
are located in remote regions, inhabited only by mine
employees, whose health is the responsibility of U.S.
Federal and State regulatory agencies. Regional rivers that
are potentially impacted by mine activities are tested for
compliance with health and safety regulations and there
are no reports of adverse impacts on human health.

Abandoned, inactive mine sites are found in many
parts of Alaska, and are sometimes the cause of
health concerns among regional residents. Other than
routine testing of the water supply, few sites have been
intensively investigated. In one case, lead levels, and
in another case mercury levels were tested in local
residents and both were found to be below a level of
concern (Middaugh, 2001).

2.3.1.2. Canada

Mining of gold in the Canadian Arctic has a long history.
New mines have been appearing over the last 12 years
following the discovery of economically-viable deposits
of several minerals and diamonds in the North West
Territories (NWT). There are currently five operational
mines in northern Canada; three diamond mines (Ekati,
Diavik, Snap Lake) and one tungsten mine (Cantung) in
the NWT and one gold-copper mine (Minto) in Yukon
(O’Neill, P, pers. comm., 2009). Releases of arsenic into
water bodies have been reported near some goldmines;
however, information on wastes from mines past and
present was not readily available for this assessment.
There are currently 20 abandoned mines that are being
assessed or remediated in the NWT, Nunavut and
Yukon by the Contaminated Sites Program in Canada
(Nahir, M., pers. comm. 2009).

Smelting of metals does not take place in the Canadian
Arctic; however, the Voisey Bay mine near Nain, Labrador
is a mining and smelting center for nickel sulfide and
copper sulfide (Vale Inco, 2009).
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2.3.1.3. Greenland

Mining in Greenland has also expanded in recent years.
There are three active mines in Greenland and others are
in the planning stages: (1) a goldmine near Nanortalik
which also has amounts of copper and arsenic in the
ore; (2) a zinc-lead-silver mine near Uummannagq that
was active for 20 years, closed for 2 years, and then
reopened in 2007 because melting of the icecap had
increased access to the ore; and (3) a magnesium-iron-
silicate mine near Maniitsoq.

Because most of the drinking water supply for
communities in Greenland comes from icecap melt
waters, waste from mines is unlikely to become a source
of human exposure to metals.

2.3.14. Russian Federation

The Russian Federation possesses a significant percentage
of the world’s mineral resources and in 2000 accounted
for about 14% of the world’s total mineral extraction. The
main resources are aluminum, bauxite, cobalt, diamonds,
nickel, platinum, tin, copper, lead, gold, molybdenum,
tungsten, zinc, silver, and iron. Nickel production in
Arctic Russiahas been the mostimportant historically and
politically. The nickel industry in the border zone between
Russia, Norway and Finland played a very important role
before and during the Second World War. Nickel deposits
were first discovered by a Finnish expedition, developed
and extracted by INCO of Canada, and finally taken over
by Russia when the Second World War ended. In recent
time, the nickel refineries in Nikel and Monchegorsk have
become symbols of the types of environmental disasters
that canberelated toindustrialization. Environmental and
human health studies have been undertaken following
concern for the effects of the smelting operations in these
areas (see also Chapter 8).

2.32. Oil and gas activities

AMAP has undertaken a detailed and wide-ranging
assessment of the implications of present and future
oil and gas activities in the circumpolar Arctic (AMAP,
2009). Oil and gas exploration, extraction, and shipping
are all likely to increase dramatically over the next 20
years based on the increasing demand for oil and gas
worldwide combined with more interest in and access
to Arctic resources, the latter due to climate change
and reductions in the extent and thickness of sea ice.
While oil, drilling fluids and drill cuttings can contain
mercury, cadmium and lead in varying amounts and
occasionally some POPs and radionuclides, quantities
are very small and most wastesin modern operations are
now ‘contained’ (e.g., through the use of on-site tanks,
holding ponds, down-hole dumping). Ocean platforms
do discharge some wastes but not in quantities that are
considered deleterious by national regulatory bodies.
The main health conclusions of the AMAP oil and gas
assessment (AMAP, 2009) indicate that there are unlikely
to be any major impacts of exploration and extraction
activities on local Arctic populations unless there are
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major spills. Transport of oil in the Arctic region is
likely to increase, making spills a greater possibility;
however, even large spills are not expected to contribute
significantly to human exposure to metals or POPs
because concentrations in oil are extremely low and
very few communities are likely to encounter oil spills.
Past oil and gas activities in parts of Arctic Russia may
have led to some health impacts; however, peer reviewed
documentation is unavailable.

Social impacts of oil and gas activities associated
with increased disposable income, an influx of workers
from outside the Arctic, more community revenue, and
changes in social and cultural integrity may occur and
could influence health outcomes both positively (better
health and educational services) and negatively (social
disruption). They may also interact as a determinant
factor with contaminant-related health outcomes.

2.3.3. Waste management

As climate changes and permafrost thaws, current waste
sites (chemical and mixed domestic wastes) may begin
to leak their contents into water systems and onto land
masses. Burning of domestic waste may also increase.
These events could increase human exposure to POPs
(e.g, PCBs and some pesticides leaking from waste sites
and dioxins and furans from waste burning) and could
influence health outcomes.

2.3.3.1. Waste management in rural Alaska

In the Arctic and sub-Arctic regions of rural Alaska,
sewage and solid-waste landfills are routinely contained
by permafrost. With continued Arcticwarming, theactive
layer of the permafrostisnow deeper in the summer, with
the potential to allow subsurface migration of pathogens
and contaminants into nearby surface water and rivers,
where they could affect human users and local biota.
To date, there has been no systematic evaluation of this
potential problem.

Abandoned military dump sites exist in Alaska, the
largest being on the southern tip of St. Lawrence Island
in the northern Bering Sea. Local wildlife, mostly aquatic
and marine organisms, has been found to contain low
levels of contaminants related to the dump site. Human
tissue levels of local residents are similar to those
found in other subsistence communities in the Bering
Sea and North Pacific Aleutian Islands (Middaugh,
2003). Thus far, no human tissue levels of contaminants
have indicated movement from a dump site into local
residents; however, clean-up efforts are in the planning
stage for the St Lawrence Island site.

2.3.3.2. DEW line sites in Arctic Canada

Primary sources of PCBs within the Canadian Arctic
include operational and abandoned mining and
industrial sites, waste disposal sites, and abandoned
military sites (Stow et al,, 2005). It is most likely that the
abandoned military radar stations which formed the

Distant Early Warning (DEW) line stations have been
the most significant. The DEW line covered about 5000
km and comprised 63 radar stations, of which 42 were
on Canadian soil. The DEW line was put in place by the
United States and Canada during what was termed the
‘Cold War’ (1956 — 1991). Twenty-one of these sites were
abandoned in 1963 and the remaining 21 were taken out of
operation in the late 1980s. Considerable amounts of waste
material, oil drums, PCBs in transformers and paint, and
other hazardous chemicals were left at the sites.

Macdonald et al. (2000) and Pier et al. (2003) called the
local influence of these sites on contaminant levels in
the surrounding environment ‘the halo effect’. The halo
of influence appears to range from 5 to 27 km in radius
and probably averages 10 km at a typical site (Stow et
al,, 2005), and transport of PCBs into the halo region is
primarily by particulate movement. Macdonald et al.
(2000) suggested that local sources represent a relatively
minor contribution to the overall burden of Arctic PCB
contamination beyond this halo region; representing less
than 1% of loadings from remote, long-range sources.

From the average levels of PCBs in soils at the 21
primary DEW-line sites, total PCB loading is estimated
to have been about 1000 kg. Early site investigations at
the remaining 21 intermediate sites suggest that levels
of PCB contamination are significantly lower and
possibly about 250 kg (Reimer, K., pers. comm., 2009).
Resolution Island (Nunavut) and Saglek (Labrador) are
two abandoned military sites that were not included in
either of these estimates but which had contaminated
soils accounting for over 5000 kg and 4200 kg of PCBs
respectively (Gregor et al, 2003; DIAND, 2004). The
amount of contamination at these sites was unique
among Canadian Arctic military sites and both were
cleaned up under stand-alone remediation projects.

Clean-up of the Canadian DEW-line sites has been
slow due to the immense cost of collecting the wastes,
testing the contents, measuring remediation success
and transporting the wastes out of the sites (usually by
aircraft). Soil clean-up at the primary sites in Canada is
almost complete, with 14 sites finished and the remaining
seven to be completed by 2012. The 21 intermediate
sites are to be assessed and remediated under Canada’s
Federal Contaminated Sites Program.

Clean-up of contaminated soil appears to be an
effective means of preventing further redistribution of
PCBs from these sites. Stow et al. (2005) concluded that
this clean-up will be protective of the ecosystem and will
reduce the effect on country foods that may be harvested
by members of the communities that are closely located
to the zone of influence that once extended across the
Canadian Arctic.

2.3.3.3. Waste management in Greenland

Domestic household waste in Greenland is generally
land-filled. This includes scrap metal, plastics and glass.
However, Nuuk has a modern waste incinerator which
co-generates warm water for community use. Some
communities and homeowners burn refuse outdoors.
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Dangerous substances such as oils, paints, chemicals
and batteries are sent to Denmark for disposal.
Wastewater from factories, offices and homes is
discharged to sea; the contamination from a population
of 57 000 people along the thousands of kilometers of
Greenland coastline is considered to be negligible.

2.3.3.4. Waste management in Arctic Russia

According to the Waste Classification Guidelines
of the Russian Federation, natural organic waste
includes about 100 categories of waste from ten major
sectors of the economy (manufacturing and consumer
consumption). There are 200 to 250 million tonnes of
total waste per year (WASMA, 2005). Some of this has
been accumulating in neglected waste sites and may be
a local source of POPs.

It has been estimated that over 12 million 45-gallon
drums had been left in the Russian Arctic by the end of
the Soviet era (Efremenko, 2007). The specific contents
of the drums are generally unknown, but are thought
to include spent oils, lubricants and waste fluids from
mechanical equipment and contaminated water.
Abandoned drums are most frequently located near
coastal communities of indigenous Arctic residents
and can be a source of significant local contamination.
The drums contain both persistent and biodegradable
substances. How they may interact to affect health and
well-being is unclear and difficult to measure.

Managing such wastes and in such locations is
problematic for Arctic communities and for private
businesses involved in waste disposal. The capacity
for waste recycling in Russia is low, not because the
technology is deficient, but because there is a poor
underlying institutional framework, especially in thelack
of strong legislative support. Waste recycling success can
only be achieved through rigorous and comprehensive
state and local regulations, as shown by Russia’s own
recycling experience during the Soviet period and as
experienced by countries with well-supported waste
management and recycling programs (Deviatkin, 2007).

Waste stream analysis and reuse/recycling programs
are key to reducing waste generation in Russia
(WASMA, 2005). Publicunderstandingand commitment
are also essential for changing waste management
practices. Several Arctic communities in Russia have
indicated a readiness to act on waste clean-up. The
Indigenous Peoples Community Action Initiative has
been developed to implement measures to reduce
risks associated with human exposure to persistent
toxic substances. This is being achieved through
improvement of sanitation and decontamination
of neglected waste sites in selected indigenous
communities in Russia’s Nenets and Chukotka regions.
Selection of the indigenous communities was based on
the elevated levels of persistent substances measured
in the blood of residents of those communities
identified in the Persistent Toxic Substances study
(AMAP, 2004b). A central focus of this initiative was
improving human health, sharing of new information
and developing integrated strategies for environmental
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solutions through the creation of models to address the
environmental legacies at the community level.

Ongoing work in these indigenous communities
includes use of best practices and model behavior to
establish environmental justice. The main partners
in the initiative are the Russian Association of
Indigenous Peoples of the North (RAIPON) and
the Arctic Contaminants Action Program (ACAP)
of the Arctic Council of Ministers. The initiative
has focused first on the Nenets and Chukotka
Autonomous Okrugs to examine their waste
management problems and practices. Impressive
results in waste recycling have been due largely to
a broad information campaign and to many years of
effort by local authorities to educate the public. As a
result, the publichas become aware of the need to get
personally involved in domestic waste management
and has adopted new, more responsible behavior
patterns relating to domestic waste disposal.

Efforts have been made to develop inventories of
obsolete and banned pesticides in the Russian Arctic
and to store them safely (ACAP, 2006). Over 1306 tonnes
of obsolete pesticides have been inventoried and placed
into safe storage (sub-surface storage or disposal in
large trenches) in six priority regions: Komi Republic,
Tyumen, Omsk, Altai Republic, Magadan, and
Arkhangelsk. Additional work is underway to inventory
and store pesticides in Altai Krai, in particular because
of the risks associated with their potential release to the
thousands of rivers that flow through the region.

2.3.3.5. Concluding comments

Most mining activities within the Arctic are unlikely to
add significantly to the body burdens of mercury, lead
or cadmium of Arctic residents. Levels of nickel in the
environment have been found to increase in the vicinity
of the refineries in Nikel and Monchegorsk and the
results of extensive environmental monitoring activities
and health are discussed later in this assessment (see
Chapters 5 and 8).

Oil and gas exploration and extraction can affect
health but usually only following a large spill. The most
significant impacts are psychological and social and
these could affect how individuals and communities
respond to exposures to contaminants from sources
unrelated to oil and gas activities.

The entry of workers into the Arctic to support
exploration and extraction activities related to oil, gas
and minerals can lead to the introduction and spread
of disease between workers and among communities
(AMAP, 2009). While this is not a POPs and metals
issue, poorer general health can affect how individuals
respond to contaminants from other sources.

Waste clean-up at known sites of persistent substances
and metals has progressed well or is underway in Alaska,
ArcticCanadaand Russia. Information for other countries
is not available. Significant PCB contamination at DEW-
line sites across Alaska and Canada may have influenced
local levels of PCBs within a 10 km radius of each site;
however, the overall contribution to Arctic loadings for
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theregionis probably less than 1%. Contamination of local
areas and surface waters associated with other domestic
waste and possibly chemical storage sites may become a
local problem as climate changes and permafrost thaws.
Exposures of communities to some POPs and metals
held at these sites could increase through seepage and
run-off into surface waters. Local food species could
also become contaminated by substances from waste
sites, leading to potential increases in human exposures
depending on the types, amounts and seasonality of
traditional food use.

2.3.4. Social and cultural influences
on exposure

The sharing of food and material wealth is a cultural
value that ensures that families or individuals are
provided for in times of need. The exchange of
country food within a community is an important
element of social well-being and is intrinsic to local
culture. The various social and cultural values that
create additional incentive to consume country food
influence the extent and nature of an individual’s and
a community’s exposure to contaminants. The social
health and cultural norms of a community can also
affect how money is spent, how and how much alcohol
and tobacco are used, trust in health care providers and
use of health care facilities, breast feeding of newborns,
the importance of education through elders’ teachings
and more formal school-based learning. These are
all determinants which can reduce or exacerbate the
impacts of contaminant exposures on overall health.

2.34.1. Exposure to POPs and metals in traditional food

The consumption of local renewable resources in the
Arctic varies depending on geographic location, age
and other factors (for details see Chapter 3, section
3.1). Many northerners consider country food to be
a cultural anchor and its use is often important to
individual and community identity. For example, a
number of participants in a recent study conducted in
Cape Dorset, Nunavut, Canada emphasized that their
cultural connection to the land continues to develop
through the harvest and consumption of country food
and that the associated practices reinforce their identity
as Inuit. One of the male participants stated that:

The land is important to my health because even
with all the changes that have gone on for us we still
depend on the land for survival. Going out on the
land has a lot of importance. It has a lot of meaning
for us. The land and local food like seal, caribou and
char are part of who we are (Donaldson, S., pers.
comm., 2009).

Use of country food within social networks plays an
important role in the health and well-being of Arctic
Peoples. The sharing of country food is integral to the
maintenance of bonds within social networks. The
processes associated with the sharing of country food
involve a complex set of social rules that are codified

in a culturally-specific way. The key tenets of sharing
within a social network include norms and expectations
of supportiveness, generosity and reciprocity. One of
the other male participants from the Cape Dorset study
stated that:

My culture teaches us to share with anyone who needs
it. For example, a hunter will go over the community
radio to let community members know that he has
country food to give away. This is important for us.
Sharing country food helps the community out. I think
sharing is a value that makes Inuit different from those
living outside of Nunavut (Donaldson, S., pers.
comm., 2009).

Diet is the single most important predictor of
contaminant exposure in the Arctic populations.
Traditional foods are an excellent source of
nutrients and energy and contribute to good social,
spiritual and physical health; however, they are also
the primary source of POPs and metals. Diets are
changing. Concern about contaminants, cultural
values, and the availability of traditionally-hunted
species due to climate change, all play a role in
influencing the types of traditional foods consumed,
the frequency of their consumption, and the exposure
of Arctic populations to contaminants (see section
2.2.1.6). Chapters 3 and 5 of this assessment provide
an update on the influence of diet on exposure and
how diets are changing in the Arctic.

2.34.2. Breast feeding

Transfer of lipid-soluble contaminants from mother
to infant by breast milk is well-documented. Maternal
levels of contaminants in women who have breast fed
are significantly less than those of women of the same
age, who have not. Nevertheless, any risk incurred by
the breast-feeding infant from contaminant exposure,
by this route, is primarily theoretical. Benefits of
breastfeeding, however, are very well-documented,
and there is a large public health literature to support
this. For this reason, at this time, known maternal
POPs levels in Scandinavia, Iceland, Greenland, and
North America do not justify any other public health
recommendation than to continue breastfeeding as
the optimal form of infant nutrition.

Information on the relationships between breast-
feeding, health and contaminants has been provided
in previous reports (AMAP, 1998, 2003) and is further
discussed in this assessment in Chapters 3, 5, 6 and 8.

2.3.4.3. Concluding comments

Social factors can affect health outcomes and should
be considered carefully in risk assessments related
to contaminants. Previous reports have discussed
the impacts of excessive smoking, alcohol and drug
use, and crowding and underemployment on health
(AMAP, 2003). How individuals interact within their
communities and families can be affected by a variety of
environmental circumstances, for example, knowledge
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of the extent of contamination of traditional food;
accidental contamination of the land, water or air; and
individual concern over contaminants in breast milk.

2.4. Conclusions and recommendations

While most Arctic contamination by POPs and
metals is from long-range transport, there are several
potential sources of contaminants from within the
Arctic that could add to loadings of metals and
POPs. Human population exposure comes primarily
from country food consumption and local sources
of contamination have the potential to contribute
marginally to food contamination.

Climate change is almost certain to affect the
biogeochemical fluxes of contaminants within the
environment. This will cause increases and decreases
in current human exposures. Current climate
trends and future model predictions illustrate the
incomplete understanding of the interactions between
contaminants and climate. Not all Arcticregions will be
affected to the same extent or in the same way. Climate
change is also likely to change exposures to pathogens
such as viruses and bacteria, and to insect vectors.
Climate change can also make human populations
more vulnerable. Climate-related ‘stress’ associated
with changes in diet, lack of access to traditional prey
species and foods, loss of traditional hunting, changes
in community practices and changes in occupation
can affect psycho-social health. The combination of
changing exposures and vulnerability has the potential
to affect health and well-being significantly.

The only practical adaptive response for evaluating
the implications of climate change on contaminant
fluxes is continued monitoring of humans and key
wildlife species to directly assess tissue levels of
contaminants. In this way, dietary information
would be directly available to human residents and
alternative and culturally appropriate food choices
could be made which preserve cultural traditions,
and the benefits of the traditional diet. Research into
climate and contaminant interactions should continue
to assist policy development of regionally appropriate
adaptation strategies.

Knowledge of how climate and local weather affect
contaminant distribution and redistribution and the
rates at which these occur are in the early stages of
development.

Detailed knowledge of climate-mediated transport
pathways is also a relatively new field of investigation.
Continued research in this area, coordination between
researchers, and careful development of joint research
plans is a critical need for future progress in the
climate—contaminant transport-human exposure re-
search effort, because it has a direct bearing on how
exposure and health will be affected in the future.

Arctic countries need to continue to support
the implementation of international and regional
agreements to control chemical and metal releases to
the environment. The United States and Russia have
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yet to ratify some key environmental agreements
that are important for the protection of the Arctic
and its people.

Monitoring programs to assess the success of
national, regional and global control initiatives
currently in place are essential. Without information
on where and how levels are changing and which
populations are most at risk, it is impossible to revise
control actions to make them more effective.

Mineral exploration and extraction could lead to
contamination of the local environment with mine
tailings. Depending on the amount, type and location
of the contamination, these activities could increase
human exposures to some metals of significance
through the intake of local foods, air, water and
wildlife. The in-migration of workers to oil, gas and
mining operations can lead to the introduction and
spread of disease if health monitoring and treatment
are not adequate. General health is a significant
determinant in evaluating how an individual may
respond to contaminant loads. This assessment has not
undertaken a thorough review of mining activity in
the circumpolar Arctic to assess how mining activity
may co-contribute to current human exposures to
mercury, cadmium and lead.

Oil and gas exploration and extraction activities are
likely to increase in the Arctic, but have the potential to
contribute only very small amounts of POPs and metals
to the environment. Most on-site wastes are contained
and managed to similar high standards. A large oil
spill could contaminate a large area; however, it would
not add appreciably to the entry of POPs or metals into
the environment. A large spill could lead to significant
social disruption which can influence mental health
and affect individual responses to current exposures
to POPs and metals received primarily through diet.
A detailed review of the health implications of oil and
gas exploration and extraction in the Arctic has been
undertaken by AMAP (2009).

The security and integrity of domestic and
chemical waste sites in the Arctic is important,
especially under the conditions of a changing
climate. Most military sites in the Arctic which had
caused contamination in local areas have now been
cleaned up or are in the process of being cleaned up.
These and other waste sites need to be monitored to
ensure that they do not affect community water and
food supplies asthe permafrost thaws. Leaking waste
sites have the potential to add to local population
exposure to chemicals, metals and pathogens that
are likely to impact negatively on health.

Social factors can affect health outcomes and
should be considered carefully in risk assessments
related to contaminants. Excessive smoking, alcohol
and drug use, and crowding and underemployment
can affect health. How individuals interact within
their communities and families can be affected by
their knowledge of the extent of contamination
of traditional food, breast milk and the local
environment.
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Food, Diet, Nutrition and Contaminants

Arild Vaktskjold, Bente Deutch, Kelly Skinner, Shawn G. Donaldson

Summary

This chapter presents recent research findings
concerning food sources and diet in Arctic populations,
and explores how food choices and availability
influence human nutritional status and exposure
to contaminants. Other factors influencing human
exposures to contaminants were addressed in Chapter
2. The term ftraditional food is used to represent foods
that originate in the populations’ habitat (generally
foods such as seal, whale, caribou and fish from the
land); other foods are called imported food.

In the Arctic, traditional food 1is beneficial
to indigenous populations for cultural, social,
psychological, and economic well-being, however, foods
from mammals, birds and fish have been documented
as the main source of human exposure to contaminants.
Changes in food sources and food choice can influence
the nutritional quality, density, and security of the diets
of indigenous populations. In addition, the incidence of
food-borne botulism and trichinosis is associated with
the preparation and consumption of local meat. As a
result, studies in Canada indicate that food insecurity
is more prevalent among indigenous populations than
non-indigenous populations. One of the observed
consequences of the changes in diet and lifestyle is an
increased prevalence of overweight and obesity.

In indigenous populations where most of the dietary
energy was provided from imported food before the
turn of the millennium, this pattern has remained
the same or increased further. In Russia, on the other
hand, the socio-economic changes and deterioration of
the farming and livestock system in the northernmost
parts after the dissolution of the former Soviet Union
seems to have led to increased use of local foods in
some populations. In indigenous populations, the
trend towards a higher proportion of imported foods in
the diets of young people has continued, and appears
particularly strong in Alaska, Yukon, and among the
Canadian Inuit. Sweet and fatty store-bought food is
becoming the main source of energy for children in
this region, which has also contributed to an inverse
relationship between nutrient density in the dietand age
group. In the future, the low consumption of traditional
food in the young age groups may perpetuate itself as
they grow older and contribute to additional decreases
in the consumption of traditional food. The overall
contribution of traditional foods to energy intake in
indigenous populations of Arctic Canada ranges from
10% to 36%, with an average of 22%; this figure is lower
among children. Within that proportion there have also
beenreports of changes in food choice, for example more
fish and fewer marine mammals are being consumed.
In southern Greenland (Inuit) and northwestern

Alaska, local food constituted a lower proportion of
the diet than in Canada. In Greenland, studies indicate
that the consumption of local food among the Inuit has
been reduced by about 50% over the last 30 years, and
today the community-level proportions among adults
range from 11% to 22%. Women in most indigenous
populations in Alaska, Greenland and Arctic Canada
generally consume proportionally less traditional food
than men. Consumption is positively associated with
the proximity of settlements to a coast or river, but varies
with season. Education above elementary school level
tends to lead to the consumption of more imported food.
Alcohol consumption tends to be underestimated or not
accounted for when estimates of energy consumption
are made. Thus, the true proportions of energy intake
from traditional foods among adults, especially men,
are likely to be lower than those reported.

In general, the decreasing proportion of traditional
foods in the diet has had a negative impact on the intakes
of most nutrients, but imported foods appear to have
contributed positively to the intake of vitamin C, folate,
and possibly calcium. According to measurements of
blood and dietary intakes, nutritional deficiencies of
vitamin A, iron, calcium, and magnesium are prevalent
in some communities. However, the amount of calcium
provided through consumption of local foods is
insufficiently researched. Interms of vitamin A, the types
of imported foods consumed do not seem to provide the
recommended amounts. The transition to diets mainly
based on imported foods in the indigenous populations
is likely to have led to insufficient intakes of other
nutrients as well, especially in the young age groups.
Nutritionally, the problem is not the imported food itself,
but rather the widespread replacement of traditional
food by a diet that is high in sugar and other foods
with low nutrient density. However, updated, accessible
and comparable information about nutritional intake is
relatively sparse from circumpolar populations outside
Alaska, Greenland and Arctic Canada. Information
concerning populations in Russia, where the majority of
indigenous and non-indigenous people live, has become
more available and accessible since the previous AMAP
assessment of human health in the Arctic (AMAP, 2003),
but still relatively little is known.

Contaminant levels in the Arctic, including levels
in dietary items of fish, birds, seals and whales, are
in most cases lower than in more densely populated
and industrialized regions. This geographic difference
is especially pronounced for the organochlorines.
Nevertheless, based on measured levels in Arctic biota
and food samples, and based on studies of total dietary
intakes of contaminants, it is apparent that dietary
exposure to persistent contaminantsand metalsin Arctic
indigenous communities is higher than in neighboring
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non-indigenous communities. The main explanation
is that indigenous populations consume tissue from
marine top predators that are not normally eaten in
other parts of the world. Within the Arctic, there is
therefore a higher exposure to contaminants through
the dietin coastal dwelling ethnic communities that eat
traditional foods such as marine mammals and some
bird species, than in inland dwelling communities
that eat reindeer/caribou and freshwater fish.

However, for the contaminants investigated the
levels in local food sources appear to be decreasing
for some compounds in some areas, for example
polychlorinated biphenyls (PCBs) and DDT in Arctic
Canada and Russia and PCBs in Greenland, whereas
mercury (Hg) seems to be increasing in Arctic Canada
and northwestern Greenland. The overall picture for
chlordanes, toxaphenes, hexachlorohexane (HCH) and
Mirex is uncertain; their levels appear to be decreasing
in Arctic Canada, while increasing levels have been
measured in Greenlandic food items and high levels of
B-HCH were found in both animal biota and human
plasma in the eastern part of Arctic Russia.

The research findings presented concerning
exposure to contaminants through food consumption
indicate that food items from marine mammals have
the highest contaminant levels. But other marine foods,
such as burbot (Lota lota), Greenland shark (Sommniosus
microcephalus) and liver from Greenland halibut
(Reinhardtius hippoglossoides), and birds such as marine
gulls and fulmars (including their eggs) also have
relatively high levels of contaminants. Thus, further
research and monitoring is needed for these species and
for others with a similar role in the food chain. However,
the levels of contaminants in the biota vary to a large
extent within and between populations and within and
between areas of the circumpolar Arctic. Exposure also
depends on the amount of local foods consumed.

3.1. Diet

This section provides an overview of the importance of
and factors guiding traditional food consumption in the
Arctic, dietary surveys, and the implications associated
with a diet shifting from traditional food to imported
food among those living in the circumpolar region.
Information about food and dietary interventions is
provided in Chapter .

3.1.1. The role of traditional foods in well-being

In general, indigenous peoples living in the Arctic tend to
take a holistic view of health and well-being. Definitions
of health among those living there, however, are very
different. This section does not provide a detailed
discussion of the different definitions of health held by
those living in the Arctic. The brief overview that follows
is only intended to provide the reader with a general
understanding of the important role of traditional food.

Indigenous peoples have stated that traditional foods
provide the following health benefits (Watt-Cloutier,
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2000; Van Oostdam et al., 2005):

e Traditional food isa cultural anchor and its use is often
important to the identity of indigenous peoples.

® The sharing of traditional food plays a role in the
maintenance of social norms and expectations.

¢ Given the high cost of living in most Arctic
communities, traditional food saves many families
money.

* There are important spiritual aspects associated
with traditional food use.

¢ Traditional foods provide substantial nutritional
benefits.

® There are many physical health benefits associated
with harvesting traditional food.

Health Dbenefits associated with harvesting
traditional food play an important role in the
overall health and well-being of indigenous peoples.
Nevertheless, there are many other factors that
influence the health and well-being of indigenous
peoples that also need to be considered, such as the
influence of Western culture and to varying extents
development projects such as mining, oil and gas
activities, and fishing. In many cases, communities
are also shifting away from a traditional diet toward
a diet of imported food.

3.1.2. Factors influencing the choice of traditional
and store-bought foods

The bioaccumulation of environmental contaminants
in species used as traditional food and the lack of
affordable, accessible, and culturally acceptable
substitutes for traditional food in many Arctic regions
raise issues that transcend the traditional confines
of the public health field and cannot be resolved
by dietary advice or food substitution alone. Food
choice studies are considered necessary to formulate
culturally appropriate dietary advice. Food choice
studies can also highlight potential avenues for public
health intervention to maximize the benefits and
minimize the risks associated with a traditional diet
(Sparks and Shepherd, 1994; Furst et al., 1996; Jack et
al., 1998; Furgal et al., 2003; Donaldson et al., 2006).

A number of food choice studies have been
conducted in the circumpolar region. Curtis and Pars
(2006) combined qualitative and quantitative methods
to explore the reasons why Greenlanders eat traditional
food. These studies found that access followed by
variation, taste, and health influenced decisions to eat
traditional Greenlandic food. In Arctic Canada, three
key food-choice studies have been completed. The first
study (Kuhnlein et al., 2003) explored the factors that
influence food choices among women and children in
three Dene and Métis communities (Fort McPherson,
Tulita, Fort Resolution) and two Yukon First Nations
communities (Old Crow, Carcross). The study found
that the most important factors influencing family
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food choices were costs associated with imported
food and availability of traditional food. The second
study (Furgal et al.,, 2001, 2003) found that food choices
in Nunavik and Labrador were influenced by the
perceived ease or difficulty of obtaining traditional
food, beliefs about the consequences of eating
traditional food, and personal values. The third study
(Donaldson et al., 2006) found that the most influential
determinants of traditional food consumption among
Inuit living in Cape Dorset, Nunavut (Canada) were
accessibility, personal preferences, and personal
values. Results on intention to consume imported
food show that the most influential determinants are:
accessibility, convenience, and personal values.

Concerning the influence of environmental factors
on food choice in the Arctic, many analyses have shown
that respondents living in Greenland were aware of
environmental contaminants in traditional food (Curtis
and Pars, 2006), but that this awareness did not seem to
have any great influence on intentions toward choice of
food because the positive perception of traditional food
seems to outweigh the possible health impacts.

Furgal and co-workers found that contaminants are
not a significant factor when making choices about
traditional food in Nunavik and sub-Arctic Labrador.
However, in parts of the western Arctic, contaminants
may influence decisions to eat traditional food. Kuhnlein
et al. (2003) found that more than 40% of women gave
‘concern for contaminants’ as a reason for why they
did not serve traditional food more often. Furthermore,
the study by Donaldson and co-workers found that
environmental contaminants are not a direct factor
influencing food choice. However, they found that
environmental contaminants indirectly influenced the
participants’” food choices. Inuit and their ancestors
have made extensive observations of Arctic biota for
thousands of years. All the hunters that raised concerns
about the safety of the Arctic food chain relied on Inuit
knowledge to assess whether an animal is safe for
human consumption. If a hunter assesses an animal and
it is considered to be contaminated, it is not eaten:

“We can tell if an animal is sick from pollution. Usually
there are green spots on the liver. Also, sometimes,
there are patches of hair missing from their coat. When
I find an animal that is sick I leave it on the land or 1
take it to the Hunters and Trappers Association. We
do not eat these animals. We make decisions like this
on a case-by-case basis. Each animal is inspected.”
(Donaldson, S., pers. comm., 2009).

As suggested by this narrative, hunters are confident
in their own knowledge about whether traditional
food is safe to consume. For this reason, it is important
to consider their observations and knowledge of
animal health, especially when communicating about
contaminants. If a hunter suspects that an animal is
contaminated, based on smell, taste, coloration, or
texture, it is typically discarded on the land or taken to
the Hunters and Trappers Association for testing. Thus,
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an increase in discards influences access to traditional
food as there is less available in the community to be
shared per unit hunter.

The direct and indirect influences of contaminants
on traditional food choice raise concerns because of
the known nutritional (Kuhnlein and Dickson, 2001;
Kuhnlein et al, 2001, 2004), social, economic, and
cultural benefits of traditional food use (Wenzel, 1995;
Collings et al., 1998; Donaldson et al., 2003, 2006; Sparks
and Shepherd, 1994; Van Oostdam et al., 2005).

The results of food choice research in the Arctic
highlight that access is a primary determinant
of traditional food and imported food choice. To
date, research suggests that food access is strongly
associated with its availability within the participants’
social network and the extent to which it is shared.
In these cases individual dietary intakes commonly
reflect the type of food chosen by other people in their
social network.

Because the majority of people living in the Arctichave
limited financial resources and their food choices largely
depend on the type of foods that they have access to,
health promotion strategies that seek to reduce exposure
to environmental contaminants by focusing on changing
people (ie, changing beliefs, knowledge, habits) stand
little chance of success. Rather, strategies that focus
on changing the availability of food choices stand the
best chance of success. As Furgal et al. (2003) stated ‘the
provision of health information alone would have little
chance in changing behavior if this traditional/wild food
was available for free through sharing networks or other
sources in the community (i.e., people do not choose
their food solely on the basis of their value to health)'.
The likelihood of successfully reducing exposure to
environmental contaminants from a traditional diet
would be significantly increased if culturally-acceptable
dietary alternatives were made available at the same
time that dietary advice was provided.

Food choice research has tended to be limited to
Arctic Canada. Additional research is required on
this topic in other circumpolar regions. Such data are
important to the development of dietary advice about
environmental contaminants in traditional food and
to make improvements to overall diet.

3.1.3. Dietary surveys in Arctic populations

This review describes dietary studies which have been
carried out in the circumpolar region since 2002 and
references earlier studies when appropriate to add
context.

3.1.3.1. Alaska

The Genetics of Coronary Artery Disease in Alaska
Natives (GOCADAN) study assessed the genetic and
environmental, including dietary, contribution to
cardiovascular disease among Alaska indigenous people
living in seven Norton Sound communities. The diet of
850 adult Inupiat (age 17 to 92 years) was assessed using a
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quantitative food frequency questionnaire (Howard etal.,
2005). Traditional foods were found to contribute 15% of
the dietary energy and to contribute disproportionately
more protein, total fat, monounsaturated fat,
polyunsaturated fat, n-3 fatty acids, vitamin Bi12, and
iron. Younger adults consumed even less traditional
food (10% to 13% energy) and still obtained 16% to 64% of
these same nutrients from traditional food. However, the
younger age groups had lower intakes of all nutrients.
Seal oil and salmon were shown to be the main sources
of n-3 fatty acids for all groups. Some trends were
observed regarding age, for example the proportion of
fat increased and the proportion of carbohydrate intake
decreased with age increase (Nobmann et al., 2005).

A detailed cross-sectional study, called the Alaska
Traditional Diet Project (ATDP), was carried out in 13
rural communities of Alaskan indigenous peoplein three
different ecological zones. The objective of the project
was to identify types and amounts of traditional and
imported store-bought foods as a first step in evaluating
potential exposure to contaminants (Ballew et al,
2006). In 2002, 665 participants aged 13 years and above
participated in a one-year recall food frequency and
portion size questionnaire. A detailed list of traditional
food and imported food intake is presented. In four of
the five study regions, traditional food accounted for
approximately 20% of total energy intake. In all regions,
traditional food intake explained at least 40% of the
protein consumed, 75% of the vitamin Bi2 consumed,
and 90% of the n-3 fatty acids consumed. In four out
of five regions, traditional food accounted for 40% of
the vitamin A in the diet (Ballew et al., 2006). Fiber and
calcium intakes were below recommended levels. Folate,
iron, and n-3 fatty acids were reported as below the
Estimated Average Requirement (EAR) for less than 40%,
36% and 20% respectively, of the population. The authors
compared their results with all past studies involving
Alaskan indigenous peoples between 1962 and 2003.
They described the synopsis as being that a considerable
amount of variation between region and season has been
reported. Their study confirmed the trend of increasing
imported food and sugared beverages with time.

The Center for Alaska Native Health Research
(CANHR) was established in 2001 to address the
increasing health disparities observed between
Alaskan indigenous and non-indigenous populations.
The center supports interdisciplinary research
investigating genetic, nutritional, and behavioral risk
factors for chronic disease among Alaskan indigenous
people (Boyer et al, 2005). Seven rural communities
in the Yukon Kuskokwim River Delta participated in
a dietary survey. Twenty-four hour recalls and three-
day food records were collected from 548 Yup’ik Inuit
(age 14 to g5 years) to assess the nutritional and health
benefits of traditional foods (Bersamin et al, 2007).
Overall, the study found that participants consumed
a mixed diet including traditional food and imported
food. Traditional food comprised 22% of total energy
(range 7.1% to 43%), which was reported to be consistent
with other studies from the same area (Heller, 1967;
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Nobmann et al., 2005). The study also reported that the
older age groups surveyed, as well as the rural groups,
had a significantly higher intake of traditional food
than the younger age groups or urban dwelling groups.
Although individual species were not mentioned, 90%
of traditional food intake was made up of fish and roe,
animal fat, game meat, and game fowl. Around 69% of
traditional food energy intake was from marine sources
(fish and seal oil) (Bersamin et al., 2007).

3.1.3.2. Canada

A study completed in 2000 and 2001 surveyed children
from five communities including Fort McPherson, Tulita,
and Fort Resolution in the Northwest Territories and Old
Crow and Carcross in Yukon Territory. Two publications
have come out of this study detailing traditional food
and imported food use and extent (Nakano et al., 2005a)
and anthropometrics and nutrient intakes (Nakano et
al, 2005b). Height and weight measurements as well
as 24-hour recalls were used to collect the data. Of
the traditional food consumed, 86% comprised land
animals, 11% fish, 2% birds, and 1% berries. Twenty-
eight traditional foods were reported, although caribou
(Rangifer tarandus), moose (Alces alces) and whitefish
(Coregonus spp.) made up 95% of the energy intake
from traditional food. In children 10 to 12 years of age,
traditional food contributed 4.3% to 4.7% to total energy
(Nakano et al., 2005a). On days when children consumed
traditional food, they had a higher intake of protein,
iron, zinc, copper, magnesium, phosphorus, potassium,
riboflavin, and vitamins E and B6 than on days when
they did not. Children from the northern communities
consumed more traditional food and had a lower intake
of fat, saturated fat, and sodium (Nakano et al., 2005a).
The children were deemed to be probably adequate in
their intake of vitamins B6 and C, riboflavin, zing, iron,
copper, selenium, manganese, carbohydrate, and protein;
and probably inadequate in their intake of vitamins A, D,
and E, phosphorus, magnesium, calcium, n-6 fatty acids,
and n-3 fatty acids. A similar study measured energy
intake in Dene-Métis adults in 1997. Traditional food
contributed 11.4% to 29.9% energy in women and from
16.0% to 28.5% in men (Receveur et al., 1997).

The most comprehensive survey conducted in Canada
to study the traditional food intake and body burden of
contaminants among women of child-bearing age is the
Monitoring Temporal Trends of Human Environmental
Contaminants Study in Northwest Territories, known
locally as the Monitoring our Mothers study (MOMs).
MOMs was undertaken in the Inuvik region, which is
located in the Mackenzie Delta, from September 2003 to
July 2006. The surrounding communities, served by the
Inuvik Hospital, comprise Inuvialuit, Gwich'in, Métis,
and Dene people as well as non-indigenous individuals.
The study involved recruiting pregnant women, and
then collecting maternal blood samples, hair samples,
and information on lifestyle and diet. The project had
three main objectives: (1) to establish the trend for
environmental contaminants in blood and hair of women
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Table 31. A comparison of the participation and demographic
characteristics of the Inuvik Regional Human Contaminants
Monitoring Program (the Baseline Study) conducted 1997 to 2000
and the Monitoring Our Mothers Study (MOMs) conducted in
2003 to 2006. Source: Baseline study (Butler Walker et al., 2003,
2006) and MOMs study (Armstrong et al., 2007).

Baseline study MOMs study

Total participants 104 86
Surveys completed 104 79
Blood samples (maternal) 95 83
Blood samples (cord) 90 0
Hair samples 73 79
Age (mean years, 25.9 25.9
(min — max)) (15 -45) (16 - 40)
Inuvialuit 33 (32%) 54 (68%)
Dene/Métis 46 (44%) 18 (23%)
Other/non-indigenous 25 (24%) 7 (9%)
Current smokers 54 (52%) 53 (67%)
First-time mothers 35 (34%) 28 (35%)
Parity >1, mothers who 54 (78%) 41 (80%)

previously breastfed

living in the Inuvik region; (2) to evaluate maternal
exposure to contaminants from diet and selected lifestyle
factors; and (3) to contribute to international blood
monitoring programs, including the Global Monitoring
Plan under the Stockholm Convention.

The methodology used was similar to that of a
baseline study conducted between 1997 and 2000
known as the Inuvik Regional Human Contaminants
Monitoring Program (Butler Walker et al.,, 2003, 2006).
This study also involved recruiting pregnant women
and collecting maternal and umbilical cord blood
samples, hair samples, and information on lifestyle and
diet. Participation and demographic characteristics of the
two studies are shown in Table 3.1. The objective of the
study was to establish baseline data for specific heavy
metals and organochlorines in the blood of women and
their newborns from communities in the Inuvik region.
Women in both studies were asked to rate themselves
as high, medium, or low consumers of traditional foods.
The results are presented in section 3.1.4.

3.1.3.3. Greenland

A cross-sectional dietary study took place among
the Inuit of Greenland in 2004 in Uummannaq in
the north and in 2006 in Narsaq in the south. Thirty
members of each community participated in the study
which included blood samples, semi-quantitative
food frequency questionnaires, and nutrient analyses
of meals from three days using the duplicate portion
method. Results were compared to data collected in
Uummannagq in 1976. Top consumed traditional food in
both communities included seal meat and blubber, dried
narwhal (Monodon monoceros) meat, narwhal or minke
whale (Balaenoptera acutorostrata) skin (known as muktuk),
Greenland halibut, catfish, capelin (Mallotus villosus), and
Greenland cod (Gadus ogac); and also in Narsaq, Arctic
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char (Salvelinus alpinus), and reindeer (Rangifer tarandus)
(Deutch et al., 2007b). The proportion of traditional food
in Narsaq was 10.8% by weight and 9.4% of total energy.
The figures for Uummannaq were 22.9% by weight and
13.4% of total energy. In a comparable study carried out
in the same district in 1976, traditional food constituted
59% of consumption by weight and 41% of total energy.
Meal nutrient analysis, using all three data collections,
revealed that those with a low traditional food : imported
food ratio had lower micronutrient contents than those
with a high ratio (Deutch et al.,, 2007b).

A study investigating factors contributing to
overweight was carried out in 1999, 2000 and 2003
in five Inuit communities (Deutch et al., 2005). The
communities included Ittoqqortoormiit and Tasiilag
in the east and Uummannaqg, Qaanaaq, and the town
of Sisimiut in the west. A cross-sectional study design
with 410 participants was used to test whether the
nutritional transition was the cause of overweight in
Greenland. Food frequency and lifestyle questionnaires
and blood samples were used to collect data. Thirty-
five traditional food items were on the questionnaire
and marine mammals and fish were popular items
consumed. Traditional foods made up 21% of total
energy. The authors found no significant link between
traditional food or imported food consumption and
Body Mass Index, but rather with increasing age and
economic status. The n-3 : n-6 fatty-acid ratio was found
to be 2- to 3-fold higher than in the Danish population.
Compared to a former study in Greenland (Bjerregaard,
1995), the prevalence of obesity had increased 5- to
6-fold in less than 10 years in two of the communities
(Deutch et al., 2005).

A cross-regional study wusing qualitative and
quantitative data collection was carried out in Nuuk
and Denmark (Rejnmark et al, 2004). The study
aimed to compare the effects of latitude, season, diet,
and ethnicity on vitamin-D status, plasma para-
thyroidhormone (PTH) levels, and bone turnover. Data
were collected from 145 Inuit from Nuuk and 43 Danes
in the form of a three-month dietary recall interview
and blood samples. The authors found that a diet high
in traditional food and particularly the summer season
was associated with higher vitamin-D plasma levels.
The study also found that Inuit from Greenland had
lower plasma PTH and calcium levels compared to
ethnic Danes (Rejnmark et al., 2004).

3.1.3.4. The Nordic countries

Brox and co-workers (2003) compared youths (13
to 14 years) from a coastal Norwegian community
(Hammerfest) with an inland, mostly Sami, community
(Kautokeino) for hemoglobin, iron, nutrition, and
traditional food intake. Data collection tools included
blood samples, anthropometrics, food-frequency
and lifestyle questionnaires, and a three-day food
registration. Regional traditional food previously
reported in the area included saltwater fish on the coast
and reindeer meat. The study found that fish is now
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rarely eaten by youth, but traditional meat is consumed
at a greater rate in the inland Sami community. The
authors concluded that the traditional diet has been
maintained in the inland community to a certain extent
and that it contributes to nutrient intake. The study
indicates that fish consumption in the adult community
is much higher than in the youth population with 55%
of adults in the coastal community and 38% in the
inland community consuming fish on a regular basis.

Another study reconstructed diet data for 24 Sami
and Norwegian municipalities in Norway (Brustad et
al.,, 2008a). A cross-sectional cluster analysis was carried
out on 3024 Sami and 4590 Norwegian participants in
order to investigate traditional food dietary patterns
during childhood and by ethnicity. Food-frequency and
lifestyle questionnaires were used to collect data in 2003
and 2004. Diets were classified as dominant in imported
food, traditional food, or mixed. Traditional foods
reported by the study include fish and roe, reindeer,
blood products, mutton, wild berries and wild plants.
Significant differences were found in diet composition
according to ethnicity. Inland Sami consumed diets
consisting of reindeer and blood products or ate a
modern diet. Coastal Sami had a diet consisting of fish
and mutton or imported fish. Inland Norwegians mostly
consumed imported food and coastal Norwegians had a
diet containing an equal mix of fish, imported fish, and
imported food. For information on other dietary studies
see Trondsen et al. (2004) and Arkkola et al. (2008).

3.1.3.5. Russian Federation

In Russia, the vast majority of indigenous peoples of
the north are taiga and tundra nomadic or semi-settled
hunters and fishermen. Thus, few groups obtain their
traditional food from the ocean (this occurs mainly in
the northeast) (Kozlov et al., 2007), which also means
that the general exposure to contaminants in Arctic
Russia is different to that in coastal populations of
Greenland and Arctic Canada. Kozlov et al. (2007)
provided a thorough overview of dietary studies in
indigenous populations in the north of Russia.
Sorensen et al. (2005) carried out a cross-sectional
study in 2001 among Sakha or Jakut peoples in Siberia.
Two hundred and one people from six communities
including Dikimdye, Asyma, and Berdygestiakh (rural)
and Khorobut, Maia and Nizny Bestakh (mixed urban/
rural) participated. Cardio-vascular disease is the main
cause of death among the Jakut, and the aim of the study
was to investigate the diet and lifestyle determinants of
plasma lipids in the Jakut. Traditionally, the Jakut herded
cattle and horses and hunted and fished. Reindeer
herding also took place in the extreme north. After the
collapse of the Soviet Union, the Jakut returned to a
traditional subsistence lifestyle due to a lack of jobs and
money. Three dietary patterns were found, characterized
by dominance in traditional food or imported food or
mixed, and people in rural areas ate more traditional
food. The traditional foods included -cattle, horse,
reindeer, milk products, berries, and mushrooms.
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In 2001/02, Dudarev and co-workers collected
information through interviews about diet and food
consumption in the Chukotka Peninsula (unpublished).
The main food sources of coastal Chukchi and Inuit
(256 individuals) were marine mammals (~100 kg wet
weight/capita/year) and fish (~7o kg), mainly polar cod
(Boreogadus saida), smelt and salmon, while reindeer meat
(~70 kg) and fish (~go kg) were the main foods among
inland Chukchi (208 individuals residing on the bank
of the river Kanchalan). The coastal groups consumed
more birds and wild plants, while the consumption of
berries was higher in the inland groups. The relative
consumption of the different traditional foods varied
with season. Store-bought food constituted a smaller
proportion of the total food consumed than traditional
foods. The main imported foods in the diet were
macaroni (~14 kg), grains (~10 kg), and sugar (~11 kg).
Further details are provided in Figure 3.1.

a
Coastal Chukchi/Yupik Uelen (2001-2002)

Berries Mushrooms
Plants /— FISh / seafood

-~

Bird meat

Terrestrial
mammals

Marine /

mammals

(227.5)

Inland Chukchi Kanchalan (2001-2002)
Local vegetables

Mushrooms

/— Fresh-milk

(221.7)

Traditional food consumption (kg/person/year)

Figure 3-1. Annual consumption of traditional food in (a) Uelen
(coastal Chukchi and Inuit) and (b) Kanchalan (inland Chukchi), on
the Chukotka Peninsula, north-east Russia. Diagram provided by A.
Dudarev (unpublished).
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Table 32. Traditional food consumption (kg/person/year) (mean, standardized) [minimum, median, maximum] of the Inuvialuit
and Dene/Métis in the Inuvik Regional Human Contaminants Monitoring Program (the Baseline Study) conducted 1997 to 2000
and the Monitoring Our Mothers Study (MOMs) conducted in 2003 to 2006. Source: Baseline study (Butler Walker et al., 2003, 2006)

and MOMs study (Armstrong et al., 2007).

Inuvialuit Dene/Métis
Food Baseline, n =33 MOMs, n =54 Baseline, n =45 MOMs, n=18
All fish / seafood 8.0 (8.1) 27.1 (34.8) 94 (12.2) 21.3 (31.6)
[0, 6.1, 35.8] [0, 16.9, 225.0] [0.2,4.3,50.4] [0, 5.9, 01.3]
Land mammal meat 30.1 (22.4) 34.2 (24.5) 309 (28.3) 26.8 (31.6)
[0.3, 29.8, 74.5] [0, 35.1, 113.9] [0, 16.6, 94.9] [1.4,17.0, 75.2]
Marine mammal meat 1.4 4.9) 5.2 (18.1) 0.0 (0.1) 1.1 (0.2
[0, 0, 28.3] [0, 0, 114.4] [0,0,0.7] [0,0,0.7]
Marine mammal fat 4.3 (10.0) 14 (2.4) 0.2 (0.4) 1.1 (0.3)
[0, 1.2, 50.4] [0, 0, 13.5] [0,0,1.2] [0,0,1.2]
Bird meat 3.5(29) 14.9 (24.5) 79 (14.8) 8.1 (21.3)
[0, 0, 10.8] [0, 4.7, 106.7] [0, 3.0, 84.3] [0, 2.4, 92.4]
All plant 4.0 (6.1) 19 (2.5) 3.8 (4.4) 2122
[0, 0, 30.5] [0, 0, 10.0] [0,2.0, 18.1] [0,1.8, 7.2]

To determine the extent of traditional food use in
the Chukotka Peninsula, 1461 indigenous Chukchi and
Yup’ik took part in a study in 2000 and 2002 (Kozlov,
2004). Kozlov used interviews with hunters, food and
lifestyle questionnaires, and reviewed government
data. The overall consumption of traditional food
increased and imported food decreased between 1985
and 2000, probably due to an out-migration of non-
indigenous people from the area and a food crisis due to
the major societal change in Russia. Compared to 1985,
consumption of marine mammals increased. Overall
meat intake from traditional food increased from 55%
to 89%. Furthermore, 76% of those under 30 years of
age expressed a preference for a traditional food diet,
compared to 66% of those over 30 years of age (who grew
up during the Soviet period).

3.14. Changes in dietary habits

As in other circumpolar regions, the contemporary
Alaska indigenous diet is one of mixed traditional and
imported foods and there are notable differences in the
reliance upon traditional foods by region (Hamrick and
Smith, 2004; Risica et al., 2005; Bersamin et al., 2006, 2008).
For the Bering Straits region, the indigenous diet had
higher amounts of protein intake (partially attributed
to traditional food intake) compared to southern U.S.
populations (Risica et al., 2005). However, large variations
in study methodology, including geographic region
covered and sample characteristics, preclude direct a
comparison of results between the studies. Nevertheless,
the studies did provide evidence that traditional food
intake has declined since pre-contact times and that
‘westernization’ has precipitated major changes in food
sources and the intake of many nutrients among Alaskan
indigenous people. Studies of age as a factor consistently
found differences in common food sources by age.
Traditional food sources comprised a greater proportion
of the diet of elders than youth. The CANHR study found
that traditional foods accounted for 22% of energy intake

overall. This varied by age, educational attainment, and
geographic location (Bersamin et al., 2007).

In comparison with communities in eastern Russia
(Kamchatka and Chukotka), indigenous people residing
in western Alaska, including the Aleutian Islands, had
a greater reliance upon traditional food and a greater
percentage of their dietary protein from traditional food
sources than their Russian counterparts (Hamrick and
Smith, 2004). However, in Yup'ik Inuit surveyed in three
remote Alaskan villages, the predominant source of
energy was from imported food sources, and the quality
of the diet was considered to be poor for 63% of Yup'ik
Inuit surveyed based upon the Healthy Eating Index,
and based upon imported and traditional nutrient intake
obtained from 24-hour recalls (Bersamin et al., 2006).

In the MOMs study in Inuvik (Canada) the level
of traditional-food consumption was calculated for
the two ethnic groups (Inuvialuit and Dene-Métis) in
order to compare with the baseline study. In such a
comparison, it is important to consider the distinctions
between eating habits of the groups, because Inuvik is
a region representing different ethnic, historical, and
cultural backgrounds. In addition, climatic conditions
and traditional food diets vary throughout the region.
Overall categories of traditional-food consumption
for the Inuvialuit and Dene-Métis are shown in Table
3.2. Women in the MOMs study reported higher
consumption of traditional foods compared to women
in the baseline study six years earlier. The findings
are presented in Figure 3.2. It must be noted however,
that the differences in communities surveyed and
the distribution of ethnicities may contribute to the
differences in reporting. In their interviews, the women
confirmed that elders and family members had indeed
shared with them the importance of eating traditional
food, especially during their pregnancy. From the
baseline study to the MOMs study, respondents
reported increasing their traditional-food consumption,
although the amount and type varied considerably by
community and population. For the Dene-Métis, the
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Figure 32. Self-reported level of traditional food consump-
tion (low, medium, and high). Comparison between baseline
(1998/1999) and MOMs study (2005/2006).

amount of traditional food use in 2006 was similar to
that of 2000, except for the amount of fish consumed,
which had doubled. The increase in fish consumption
was up to three-fold higher among the Inuvialuit. The
Inuvialuit also reported eating more seal meat, but
the consumption of marine mammal fat (particularly
beluga, Delphinapterus leucas) decreased by a factor of
three (Butler Walkeretal., 2003,2006). Thisdecrease could
be a positive reflection of the message communicated
by health professionals, which suggested decreasing
intake because contaminants often build up in fat.
The positive message of traditional-food consumption
should continue throughout the communities.

For adults in general, much variability was noted in
the percentage of energy from traditional food within
each of the three territories in Canada and average
consumption ranged from less than 10% to greater than
30% in Yukon communities, from 6% to over 30% in
Dene-Métis communities, and from 12% to as high as
over 40% in Inuit communities (Kuhnlein et al., 2005).
In the Inuit in Canada, the highest proportion of local
fish and meat consumption appears to be in Nunavik
and Baffin (Statistics Canada 2001; Egeland et al.,, 2004).
Differences in traditional food consumption have
also been noted by age within the same regions and
communities, with younger generations consuming
less traditional food than older adults (Egeland et
al., 2004; Kuhnlein et al., 2004). The implications for
human health can be substantial if nutrients associated
with traditional food are not replaced by nutrient-rich
imported food sources.

In a study from Greenland comparing countrywide
dietary surveys from the period 1999 to 2006 with
dietary studies from 1945 to 1987 (Deutch et al., 2007b),
it was found that the proportion of traditional food had
already decreased in the larger towns (Illulissat and
Qagortoq) by 1950 whereas the proportion of traditional
food in the villages remained high until the late 1970s.
Among the adult population, the present country
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average of the traditional food ratio ranged from 11%
in the south to 22% in the north. Thorough reviews of
the changes in dietary habits that have taken place in
Greenland and in indigenous populations in northern
Russia have been published elsewhere (Kozlov et al.,
2007; Hansen et al., 2008).

3.1.5. Health implications associated with
changes in dietary habits

A decrease in traditional food in the diet may have
negative health consequences through the corres-
ponding changes in nutritional quality of the diets and
food gathering and eating patterns. Lifestyle changes
influence the prevalence and extent of obesity and the
health consequences may have been manifested through
an increased occurrence of diabetes, cardiovascular
disease and other illnesses. Concerns in terms of obesity
and an overview of the disease situation are provided
in Chapter 8.

3.1.6. Summary

Traditional food use is culturally specific and varies
widely over the many communities and regions in the
Arctic. Its diversity depends on many factors. Game
meat and fat, fish, marine mammals, dairy products,
and edible plants and berries were consumed in
different quantities depending on latitude, proximity to
a major center and water, age, and culture. For example,
the findings from eight studies in Arctic Canada
reporting the contribution of traditional food to total
dietary energy ranged from 4.3% to 89% with a median
of 17.5%.

Traditional food provides better nutrients despite
a low contribution to energy. In almost all studies,
traditional food consumption was associated with
higher levels of most nutrients in the diet. Studies
that compared present intake to past intake found a
decline in traditional food use; or a shift to increased
fish consumption and decreased marine mammal
fat consumption. Furthermore, younger generations
consume less traditional food than older generations.
The level of nutritional transition is dependent on the
ratio of market food to traditional food and the food
items consumed.

Decreasing intake of traditional food also increases
the risk of obesity, which is associated with increased
risk of chronic disease. In general, the evidence supports
the increasing rates of overweight and obesity among
children and adults in the circumpolar north and adds
to the cumulative evidence of a global shift in adiposity
with significant health implications. While data suggest
that adiposity may not have the same magnitude of
association with metabolic syndrome risk factors for
Inuit as for Caucasians, adiposity is related to increased
insulin resistance among Inuit.

There are still knowledge gaps, and future research
is required to study the diet in the Arctic within the
context of overall health and well-being, disease
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prevention, and health promotion. In particular,
additional research is needed on: (1) regionally-specific
sources of contaminants in country foods; (2) the
relationship between changes in risk of cardiovascular
disease and changes in diet among Arctic indigenous
populations; and (3) the impacts of climate change on
country food safety and availability, and general food
security.

3.2. Nutritional value of Arctic diets and
the relationship to contaminants

3.2.1. Context

More than a decade ago, it was observed that market
foods contributed most of the dietary energy and
a higher proportion of nutrients to the diet of the
younger rather than the older age groups among Dene,
Métis, and Inuit in Canada (Kuhnlein et al., 1996, 2001;
Receveur et al., 1997; Berti et al., 1999; Blanchet et al.,
2000). Overall, between 60% and 94% of the total energy
intake of indigenous populations came from imported
food (Kuhnlein et al., 2001), and also among indigenous
populations in Arctic Russia the proportion was
over 50% (Leonard et al., 1996). The nutrient profiles
in Canada were described as adequate for nutrients
associated with fish and meat, and less than adequate
for nutrients associated with fruit and vegetables
(Kuhnlein et al., 2001). The previous AMAP assessment
(AMAP, 2003) concluded that traditional foods were the
main sources of protein, fat, most minerals, vitamin D
and long chain n-3 fatty acids, while imported foods
were the main sources of carbohydrate, water-soluble
vitamins, vitamin A, and calcium.

Diet composition, and thereby the nutritional
value of the diet and its contaminant content and
composition, varies with gender, age, educational
level, country, region, population, urban/rural, coastal/
tundra, season, and origin and source of the food. These
factors also influence the nutritional composition of a
diet through the proportion of traditional food items it
contains, which also tends to vary substantially with
season (Kuhnlein et al, 1996; Receveur et al., 1997;
Bersamin et al, 2007). The majority (55% to 81%) of
Inuit adults in Canada, and an even higher proportion
of their households, harvest country food (Statistics
Canada 2001), and the estimates of nutrient intake
are therefore further challenged and complicated by
the wide variety of animal and plant species in the
traditional diet (Nobmann et al., 1994; Blanchet et al,,
2000; Kuhnlein et al, 2001, Kuhnlein and Receveur
2007). Men tend to consume more traditional foods in
their diet than women, and older age groups tend to
consume more than the younger (Leonard et al., 1996;
Receveur et al.,, 1997; Blanchet et al.,, 2000; Egeland et
al., 2004); patterns also found in Russia (Kozlov et al,,
2007). Diets based on traditional food are usually more
nutrient dense because the imported food consumed
often has a high sucrose content (Receveur et al., 1997;
Berti et al.,, 1999; Nobmann et al., 2005).
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3.2.2. Energy-providing nutrients

Peoples indigenous to the Arctic have reportedly higher
basal metabolic rates compared to populations at lower
latitudes. This probably reflects an adaptation to the
severe climaticliving conditions in the Arctic and causes
an increased dietary stress on the people. However, this
energy demand is believed to be compensated through
other somatic functions and not by an elevated need for
dietary energy (Snodgrass et al., 2007). Dietary energy
intake varies with sex, age group, and activity level,
and the relative contribution of each energy-providing
nutrient and the magnitude of intake fluctuate from
day to day according to food availability and/or choice.
That is, in populations where traditional food is not
consumed on a daily basis the energy intake tends to
be higher on days when such food is included as a food
source (Kuhnlein et al., 2004; Kuhnlein and Receveur,
2007), and the proportions of energy from protein and
n-3 fatty acids are positively associated with the intake
of traditional food, and thereby also with age group
and male gender. An association between source and
consumption of total fat and saturated fat, however, is
uncertain, because the findings have varied (Receveur
et al,, 1997; Kuhnlein et al,, 2004, Nakano et al.,, 2005a;
Risica et al., 2005, Nobmann et al., 2005; Ballew et al,,
2006; Bersamin et al., 2007; Deutch et al., 2007a; Kuhnlein
and Receveur, 2007; Egeland et al., in press). However,
the relative intakes of carbohydrates, including sugar,
are higher from imported foods (Kuhnlein et al., 2004;
Nobmann et al., 2005; Bersamin et al., 2007; Deutch et al.,
2007b; Kuhnlein and Receveur, 2007) and the reported
sugar consumption has been high (Table 3.3) (Nobmann
and Lanier, 2001; Nobmann et al., 2005; Lapardin et al.,
2006; Ballew et al., 2006; Bersamin et al., 2006; Deutch
et al.,, 2007b), especially among youth (Berti et al., 1999;
Brox et al, 2003; Kuhnlein and Receveur, 2007). The
amounts of dietary cholesterol and trans-fatty acids
consumed tend to be proportional to the proportion of
energy from saturated fat (Nobmann et al., 2005), and
the intake of traditional food (as a percentage of energy)
has been found to have an inverse correlation to plasma
levels of trans-fat in the Canadian Arctic (Egeland et al.,
in press). However, in inland Jakutia (Siberia), traditional
food consumption was reported to be associated with
higher total cholesterol and low density lipoproteins
(Sorensen et al., 2005).

As outlined in Table 33, the reported dietary
caloric intake, and the proportion of energy from fat,
protein, and carbohydrates varies between regions and
populations. In some populations, the sources of dietary
energy are strongly influenced by season, which may
not be captured well in a study. Findings in different
studies are not readily comparable because different
instruments have been used and different segments
of the populations have been studied, however these
studies provide valuable information about the relative
proportions of energy-providing nutrients within each
population studied. The dietary recommendations
are not identical in all the circumpolar countries, but
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typically it is recommended that a minimum of 12% of
dietary energy should come from protein, less than 30%
to 35% from fats, with the remainder from carbohydrates
(non-added sugars). Pregnant and lactating women, and
children, are usually recommended a higher relative
intake of protein. A general weakness of the reported
studies is that the energy intakes and the proportions
from fat, carbohydrates, and protein tend not to have
taken into account alcohol consumption (see Table 3.3).
In Greenland, alcohol was estimated to account for
14% of the average overall energy intake; whereas the
proportion among men was 19.5% (Deutch et al., 2005).
The higher the energy turnover (activity level) the higher
the likelihood that the food intake will meet the need
for essential micro-nutrients. On the other hand, a high
food intake relative to body mass also increases the body
burden of food contaminants. The high energy intakes
reported for Chukotka (Sandanger et al, 2003) and
Alaska suggest that large variations in energy intake in
the Arctic are due to differences in lifestyle.

In contrast to non-Arctic populations, the indigenous
populations of the north have traditionally had fats and
protein as the main source of dietary energy due to their
abundance in the local biota. Thus, in these populations
there has possibly been a long-term adaption to a diet
high in fat and protein, and their blood glucose has
been comparatively low (Kozlov et al., 2007, Hansen et
al.,, 2008). According to Kozlov et al. (2007) the relatively
recent shift towards high levels of carbohydrates from
imported foods might have introduced an imbalance
between endogenous and exogenous sugars.

Marine food (especially fatty fish, fish oils, and blubber
from marine mammals) is rich in n-3 polyunsaturated
fatty acids (eicosapentaenoic acid, EPA; docosapentaenoic
acid, DPA; docosahexaenoic acid, DHA) (also called
omega-3 fatty acids), which are associated with beneficial
health effects (Mozaffarian and Rimm, 2006). Thus,
a decrease in traditional-food intake tends to lead to a
lower n-3 fatty acid intake (Deutch et al., 2006, 2007a).
Humans can metabolize the plant oils linoleic acid (LA)
(n-6) and linolenic acid (ALA) (n-3) to EPA and DHA, but
because the capacity is very limited EPA and DHA are
also needed through the diet. The recommended intake
of n-3-fatty acids is uncertain, but in Norway has been set
to 1% of caloric intake (0.5% is considered a minimum)
(Vitenskapskomiteen for mattrygghet, 2006), while the
American Heart Association recommends 1 g of EPA
and DHA per day compared to 05 g by the International
Society for the Study of Fatty Acids and Lipids (Leblancet
al., 2006). Although a decreasing consumption has been
observed, the northwestern Greenlandic Inuit consume
3 g of n-3 fatty acids per day on average (Deutch et al,
2006); about twice the amount found in the southern
Greenland diet (Deutch et al,, 2007b). The average intake
was also above 1% of caloric intake among Alaska
Natives (Nobmann et al, 2005, Bersamin et al, 2007,
2008), which was substantially higher than in Norway
(0.4%) (Vitenskapskomiteen for mattrygghet, 2006) and
in pregnant Faroese women (05%) (Veyhe, 2006). In
Alaska, the intake of n-3 fatty acids was several times
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higher than 1% in the highest quintiles of traditional
food intake (Bersamin et al, 2007) and thereby highest
among the elderly (Nobmann et al., 2005). In each of the
three major indigenous Arctic cultures in Canada, the
median usual intake (LA only) was at least 1.3 g among
adults, independent of gender and age group (Kuhnlein
et al,, 2007). Among Dene-Métis and Yukon children, on
the other hand, the intake of both n-3 and n-6 fatty acids
was low (Nakano et al,, 2005b). In a Norwegian diet, the
minimum intake can be reached through non-marine
foods (such as plant oils), but to reach the recommended
1% of caloric intake it has been estimated that one meal
of fatty fish per week is needed. The CALIPSO report
(Leblanc et al., 2006) concluded that two fish meals per
week (including fatty fish) provide the recommended
intake of n-3 fatty acids.

The optimal dietary ratio between n-6 (LA, AA)
and n-3 fatty acids is uncertain. In the early 1990s in
Chukotka, the ratio was estimated at about 2 in coastal
communities and 3 on the tundra (Nobmann et al., 1994).
In Norway, the ratio is considered to be relatively high
(Vitenskapskomiteen for mattrygghet, 2006), while in
Greenland the highest ratio (~3) was reported in the
south where non-local food is the most predominant in
the Inuit diet (Deutch et al.,, 2007a), and the proportion
has been increasing (Deutch et al, 2006). In Arctic
Canada, the median ratio LA : ALA in the diet was
above 3 (Kuhnlein et al, 2007). Monounsaturated fat
has been recommended to constitute 10% to 15% and
polyunsaturated fat 5% to 10% (including the 1% from
n-3 fatty acids) of caloric intake (Vitenskapskomiteen
for mattrygghet, 2006). Alaska Natives were within the
ranges for both types (Nobmann and Lanier, 2001; Risica
et al., 2005; Nobmann et al., 2005, Bersamin et al., 2008),
while adult Dene-Métis of the Northwest Territories and
Inuit children of Baffin were within the recommended
range only for polyunsaturated fat (Receveur et al,
1997; Berti et al.,, 1999). In general, fatty-acid intake was
found to be low among Dene-Métis and Yukon children
(Nakano et al., 2005b). Among male Nenets teenagers
on the Russian tundra, average intake was within the
recommended range for monounsaturated fats, but
below the recommended range for polyunsaturated fats
(Vorobjev, 2005). The latter was also found for pregnant
women in the Faroe Islands (Veyhe, 2006) and Inuit in
Greenland (Deutch et al, 2007b). As outlined in Table
33, the saturated-fat intake tends to exceed the general
recommendation of 10% of energy intake. Additional
information about fatty acids and their role is given in
Chapter 7.

The level and types of contaminants in traditional
diets depend on both the location and the type and local
sources of the food. Levels tend to be higher in coastal
food systems, such as in marine mammals, rather than
in land-based systems, but the foods with the highest
levels of toxaphene, chlordane and/or PCB tend to be the
foods contributing the most protein and essential n-3
fatty acids (Kuhnlein et al., 2001, Sandanger et al., 2003,
Deutch et al, 2006). However, levels of contaminant
trace elements and PCBs in different species of fish are
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not associated with their n-3 fatty acid content (Leblanc
et al., 2006), but there is a positive correlation between
marine animal fat, n-3 fatty acids, and lipophilic
contaminant intakes at a dietary level (Hoekstra et al.,
2005; Deutch et al., 2006).

After ingestion, the distribution of the different
lipophilic organic contaminants is in a dynamic
equilibrium between body tissues. A change in the
lipid content of a tissue therefore changes its content
of such contaminants, and a post-meal change in
serum lipids affects serum levels of the contaminants
(Phillips et al., 1989). However, most of the variation in
total lipid concentration in the serum can be explained
by the concentrations of cholesterol and triglycerides,
independent of sex and age (Rylander et al,, 2006). An
increasing intake of saturated and trans-fatty acids leads
to elevated levels of blood lipids, such as low-density
lipoprotein (LDL)-cholesterol, so these fatty acids should
not exceed 10% of caloric intake. The mean intake in
Dene-Métis, northern Sweden, and Inuit in Alaska
and northwestern Greenland exceeded this proportion
(Krachler et al., 2005; Risica et al., 2005, Nobmann et al.,
2005; Receveur et al, 1997, Deutch et al., 2007b), also
among those with a high traditional food use (Receveur
et al, 1997, Deutch et al, 2007b). Inuit children and
adolescents at Baffin obtained on average 9% of their
dietary energy from saturated fat (Berti et al.,, 1999).

In addition to n-3 fatty acids, fish and seafood provide
high-quality protein (i.e., provide essential amino acids)
and are a rich source of the free-form amino acid taurin
(Laidlaw et al, 1990). Dietary fiber intakes tend to be
relatively low in diets high in traditional food (Receveur
etal,, 1997; Kuhnlein et al., 2004; Bersamin et al., 2007) and
low in general (Nobmann and Lanier, 2001; Brox et al.,
2003; Nobmann et al., 2005; Soininen et al., 2005; Ballew et
al.,, 2006; Deutch et al., 2007b; Kuhnlein et al., 2007).

3.2.3. Fat-soluble vitamins

Fat-soluble vitamins (A, D, E) can be of nutritional
concern due either to excessive exposure or to sub-
optimal intake.

3.2.3.1. Vitamin A

A sub-optimal intake of vitamin A was reported to be
prevalent among Canadian Inuit (Kuhnlein et al., 1996;
Lawn et al., 1998; Berti et al., 1999; Blanchet et al., 2000)
and Dene-Métis (Receveur et al., 1997), and traditional
foods were considered to have low concentrations
of vitamin A (Blanchet et al.,, 2000). In a study among
Inuit women in Baffin in 1987/88, Kuhnlein et al. (1996)
revealed substantial seasonal variation in intake from
traditional foods, and the variation was not compensated
through the intake of imported food. They found
that more than 60% of the population fell below two-
thirds of the Recommended Daily Allowance (RDA),
independent of gender and age group (Kuhnlein et al,,
1996). Average intake was also low among children at
Baffin, even though they largely obtained their vitamin
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A from imported food (Berti et al, 1999). Lawn et al.
(1998) reported similar findings among Inuit women.

However, Receveur and Kuhnlein (1998)
recommended caution in interpreting the estimated
intakes due to possible systematic underestimations in
the investigations, and in 2001 Kuhnlein and co-workers
reported that increasing use of traditional food could
improve vitamin A status among the indigenous peoples
in Canada. This was later reported from other studies
in Canada (Egeland et al,, 2004, Kuhnlein et al,, 2004;
Ballew et al., 2006), as well as in Greenland (Deutch et
al,, 2007b) and Alaska (Bersamin et al., 2007). Kuhnlein
et al. (2004) found a higher dietary intake of vitamin A
on days when traditional food was consumed, while
Bersamin et al. (2007) revealed that the total vitamin A
activity was positively associated with the proportion
of traditional food intake in the diet. Seal liver, meat,
and organs have been found to be especially high in
vitamin A (Deutch et al., 2007b). In Alaska, traditional
food provided 20% of the caloric intake but 40% of the
vitamin-A intake, and few rural Alaskans had an intake
below recommendations (Ballew et al,, 2006). On the
other hand, the vitamin-A content of food has also been
positively correlated with the content of PCB, DDT and
Hg (Deutch et al., 2007a).

Although there was an age trend in intake positively
related to consumption of traditional foods among
the Inuit, imported food was the main source (69% to
90%) of vitamin A in all the studied Inuit groups in
Canada, and the majority younger than age 40 was
below the Estimated Average Requirement (EAR). On
the other hand, 89% of Inuit males and 85% of females
in the age group above 40 had a dietary intake above
the EAR for retinol activity (7% of males were above the
maximum recommendation) (Egeland et al., 2004). The
differences between older and younger Inuit were later
confirmed. In Yukon, about the same overall proportion
met the EAR, but the gender and age pattern was
different (Kuhnlein et al., 2007). In 2005, Nakano and
co-workers reported low average intake among Dene-
Metis and Yukon children (Nakano et al.,, 2005b), who
obtained more than 9o% of their dietary energy through
imported food (Nakano et al., 2005a), and low intakes
were also found among adults, independent of gender
and age (Kuhnlein et al., 2007). In Alaska, the majority
of female Natives in urban settlements did not meet the
recommendations (Nobmann and Lanier, 2001). The
same occurred in the general population in the Faroe
Islands and southern Greenland (Veyhe, 2006; Deutch
et al., 2007b), and among pregnant women in northern
Finland (Soininen et al, 2005). Comparable studies
concerning vitamin A in Arctic Russia are lacking, but
low intakes have been reported in the general population
(Martincik et al., 2005) and high prevalence of deficiency
among industry workers in the north (Bojko et al., 2006).
In Norway, fish is not considered an important source
of vitamin A (accounting for about 1% of total intake).
Instead supplements, such as cod-liver oil, contributed
more than 20% of the total intake among adults.

The intake of vitamin A from fish and seafood is
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potentially excessive only among people who eat fish
liver (30% of the general population and 80% in the
Sami-populated areas in northern Norway). However,
even if the consumption of fish liver is combined with
a daily cod-liver oil supplement, it was concluded that
intake does not reach the maximum recommended
intake (Vitenskapskomiteen for mattrygghet, 2006).
In Greenland, on the other hand, Deutch et al. (2007b)
estimated that intakes of vitamin A reported in the
past could have been borderline toxic due to traditional
food diets. A particular risk group for excessive intake
of vitamin A in indigenous populations is pregnant
women who consume liver on a frequent basis (e.g,
from caribou and seals). However, the median retinol
content in market-bought liver is comparable (Egeland
etal., 2004). The effects of high and low intake of vitamin
A might also be magnified by alcohol abuse (Whitby et
al., 1994), which is prevalent in northern communities
(Deutch et al., 2005; Kozlov et al.,, 2007). Alcohol binging
and poor nutritional habits tend to go hand in hand.

3.2.3.2. Vitamin D

Vitamin-D deficiencies are prevalent worldwide and
are of particular concern in the far north as endogenous
synthesis is constrained for most of the year due to the
limited exposure to sunlight (Schroth et al, 2005). In
Canada, vitamin D-deficiency rickets has been persistent
among children, and recent findings suggest that the
incidence is higher in the north of the country (Ward et
al,, 2007). To assess vitamin-D status, it is necessary to
take both dietary intake and exposure to sunlight into
account. The common method is to measure the major
metabolite 25(OH)D, because the circulating serum
levels are the product of the endogenous and exogenous
exposures. Thus, a general optimal dietary intake is
difficult to set and as a result national recommendations
vary. For example, the Nordicrecommended intake levels
for people younger than 50 years are higher (7.5 to 10
pg/d) than the U.S. recommendations (5 pg/d). In terms
of serum concentrations of 25(OH)D,, the levels that are
considered optimal and deficient are also controversial.
The applied vitamin-D deficiency level has varied from
less than 20 nmol/L to less than 8o nmol/L (Huotari and
Herzig, 2008). Nevertheless, it is recommended to use
biomarkers to assess vitamin-D status.

Dietary intake appears to be equivalently associated
with the proportion of traditional food in the diet as
vitamin A (Blanchet et al, 2000; Kuhnlein et al., 2004;
Bersamin et al., 2007). Fish, liver, and fat from seals and
whales are rich in vitamin D, while the only plant food
containing small amounts are mushrooms (Huotari and
Herzig, 2008). However, the average pregnant woman
in the Faroe Islands did not meet the recommendations
through diet (Veyhe, 2006), and intake was below
adequate in Yukon and among Dene and Métis (except
for among young Dene-Metis men) (Kuhnlein et al,
2007). Deficiency is a common finding among adolescent
girls and the elderly at northern latitudes (Huotari and
Herzig, 2008), and has been reported among Canadian
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First Nations (Smith, 2000). Among Dene-Metis and
Yukon children, more than 50% were found have a very
low vitamin-D intake (Nakano et al, 2005b). On the
other hand, the nutritional requirements of Inuit women
appeared to be met (Blanchet et al., 2000; Kuhnlein et al.,
2007). Among young adult Inuit in western Greenland,
the mean serum 25OH)D, level was 32 nmol/L in
summer and 29 nmol/L in winter (Rejnmark et al.,, 2004).

In Finland, milk is fortified with vitamin D, but less
so than in Canada — where margarine is also fortified.
In Alaska, orange juice, bread, and cereals may also
be fortified (Huotari and Herzig, 2008). Vitamin-D
deficiency during pregnancy (<35 nmol/L) has been
reported in western Finland and in three populations in
northern Manitoba (Schroth et al,, 2005). A third of the
young population in northern Finland has previously
been reported as deficient during winter (Huotari and
Herzig, 2008), and the average pregnant woman in the
north did not meet the recommendations through diet
(10 pug/d) (Soininen et al., 2005). However, fortification
of milk in Finland (initiated in 2003) appears to have
improved vitamin-D status in the younger segments of
the population (Laaksi et al., 2006; Piirainen et al., 2007).
In Alaska, intake appears high mainly among those
consuming a diet high in traditional foods, including
fish (Bersamin et al., 2007).

InNorway, whereone third of the average consumption
of fish and seafood is fish with high fat content, it was
estimated that fish and seafood contributed on average
22% of the dietary content of vitamin D in the 1990s,
and that about 5% met their dietary needs from fish
and seafood alone. Supplements, such as cod-liver oil,
contributed 55% of the average intake. Estimates in
Norway indicate that it is necessary to take vitamin-D
supplements to meet the recommended daily intake
when consumption does not exceed one fish-seafood
meal per week (27 g/d). Alternatively, one is dependent on
sunlight as a source, which is not feasible for a large part
of the year — especially in the north. An average intake of
27 g/d corresponds to the 10-percentile consumption in
Norway. Thus, a low intake of vitamin D is of concern in
the populationin Norway thatis at the low end in terms of
fish and seafood consumption, even though margarine,
butter, and low-fat milk is fortified with vitamin D. In the
Sami populated areas in the north, 37% responded that
they had fish for dinner at least three times per week.
The go-percentile consumption of 119 g on average per
day corresponds to a vitamin-D intake that is one fifth of
the maximum recommended intake. The conclusion in
the report by the Norwegian Committee for Food Safety
was that exceeding the maximum recommended intake
of vitamin D is not a concern in Norway, even for people
who consume fish liver and supplement with cod-liver
oil daily. The health authorities in Norway recommend a
daily supplement of cod-liver oil to all infants four weeks
and older, but less than 50% of the population met this
recommendation in their first year (Vitenskapskomiteen
for mattrygghet, 2006).

When ingested in excess amounts, vitamin D
accumulates in the adipose tissue, and mega doses
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cause clinical symptoms, such as hypercalcemia.
Circulating serum levels of over 200 nmol/L have been
considered toxic. But, as reported above for Norway,
such levels are not reached without the intake of
vitamin-D supplements (Huotari and Herzig, 2008). In
Greenland, concern about excessive intake has been
reported for people consuming seal liver, which was
common in the past (Deutch et al., 2007b).

3.2.3.3. Vitamin E

Vitamin-E intake has also been reported to be
positively associated with traditional food consumption
(Kuhnlein et al., 2004; Nakano et al.,, 2005a; Bersamin et
al,, 2007; Kuhnlein and Receveur, 2007), and for urban
Native Alaskan women of whom the majority consumed
only imported food the mean intake was below
recommendations (Nobmann and Lanier, 2001). Intake
was also found to be low in all major indigenous Arctic
cultures in Canada (Kuhnlein et al, 2007), including
Dene-Métis and Yukon children (Nakano et al., 2005b),
and pregnant women in northern Finland, and just
below recommendations in Greenland (Deutch et al.,
2007b). In Norway, crab meat has been reported to be a
particularly richsource of vitamin E (Vitenskapskomiteen
for mattrygghet, 2006).

The associations of fat-soluble vitamins with
traditional food consumption make intake and dietary
adequacy prone to factors associated with the pro-
portion of traditional food in the diet, such as season,
age group, and gender (Kuhnlein et al., 1996).

3.2.4. Minerals and water-soluble vitamins
3.2.4.1. Vitamins B and C

Vitamins that tend to be of relatively low intake in
a traditional food diet are vitamin C (Kuhnlein et al,,
2004; Ballew et al., 2006; Bersamin et al., 2007) and folate
(Receveur et al, 1997; Lawn et al,, 1998; Arbour et al,
2002; Kuhnlein et al., 2004; Ballew et al., 2006; Bersamin
et al,, 2007; Deutch et al,, 2007b). The magnitude and
relative proportion of vitamin C and folate intake from
market foods might be higher in Arctic America than
elsewhere because fortification is common in North
America (Kuhnlein et al., 2004). Nevertheless, Alaskan
women eating imported food only, had a mean intake
of folate below the recommended intake (Nobmann and
Lanier, 2001). Among rural Alaskans in general, up to
40% was found to have below the recommended intake
of folate (Ballew et al., 2006), and across Arctic Canada
the situation appeared to be similar (Kuhnlein et al.,
2007). The folate recommendations tend to be twice as
high for pregnant women. In northern Finland more
than three-quarters of pregnant women had a dietary
intake below the recommendations, and only one in six
women used folate supplements (Soininen et al., 2005).
A large proportion of the indigenous populations in
Arctic Canada were also below the EAR for vitamin
C, and the proportion was particularly high among
older men (Kuhnlein et al., 2007). Low intakes of folate
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and vitamin C have also been reported for Greenland
(Deutch et al., 2007b).

One explanation for the low estimated intakes could
be that many local foods have not been analyzed for
folate content (Ballew et al., 2006). Furthermore, some
food items used in traditional diets contain a non-
negligible amount of vitamin C (Fediuk et al., 2002). It
is also notable that there have been no recent reports
of scurvy or other deficiency symptoms in Greenland
(Deutch et al., 2007b). In northern Finland, on the other
hand, most pregnant women met the recommendations
for vitamin-C intake (Soininen et al., 2005).

The population of pregnant women in northern
Finland also met the recommendations for all
B-vitamins, except for thiamine (Soininen et al., 2005).
Intakes of riboflavin and vitamin B6 in Arctic Canada,
which tend to be higher on days when traditional food
was consumed (Kuhnlein et al, 2004; Kuhnlein and
Receveur, 2007), appear to have met the requirements.
Widespread intakes on the low side of the EAR were
found only for riboflavin and among the Inuit only
(Kuhnlein et al., 2007).

3.2.4.2. Minerals and vitamin B12

Non-table-added sodium intakes appear to be related to
the proportion of imported food in the diet (Kuhnlein
et al, 2004). A sodium intake higher than recommended
has been reported for Alaska (Nobmann and Lanier,
2001) and northern Finland (Soininen et al, 2005).
Intakes of magnesium, phosphorus, zinc, copper, iron,
potassium and manganese, on the other hand, appear
positively associated with the intake of traditional foods
(Kuhnlein et al., 1996, 2004; Receveur et al., 1997; Wein et
al.,, 1998; Berti et al.,, 1999; Blanchet et al., 2000; Nakano
et al, 2005a; Ballew et al,, 2006; Bersamin et al.,, 2007;
Kuhnlein and Receveur, 2007), but the main traditional
food sources are the same items that contribute most
of the organochlorine contaminants (Kuhnlein et al.,
2001; Deutch et al, 2007b). In inland communities in
northern Norway, the magnesium, thiamine, and iron
intake of the youth was positively associated with
meat consumption (Brox et al., 2003). For magnesium,
however, the association with traditional-food intake
has not been consistent (Blanchet et al., 2000) and
reported intakes have been low. In Baffin, where the
intake of traditional food was highest among Canadian
Inuit (Egeland et al.,, 2004), 37% had an estimated intake
of less than two-thirds of the RDA (Kuhnlein et al.,
1996). Low intakes of magnesium have been found
in all major indigenous cultures in Arctic Canada
(Kuhnlein et al,, 2007), including Dene-Métis and Yukon
children (Nakano et al., 2005b), and by Alaskan women
(Nobmann and Lanier, 2001). Yukon children also
had low intakes of phosphorus (Nakano et al., 2005b),
which together with copper and zinc intakes, were also
very low among teenage male Nenets in the tundra of
Russia and Russian girls in the northeast of the Russian
Federation (Vorobjev, 2005). On the other hand, in the
general population in the Far East of Russia the intake
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of copper and zinc is reportedly in accordance with
recommendations (Lapardin et al,, 2006; Lugovaja and
Maksimov, 2007).

Nevertheless, there are concerns about the
nutritional mineral status of the Russian population in
the north (Kubasov et al., 2007, Gorbacov et al., 2007),
and iron deficiency anemia has been increasing in
indigenous populations (Kozlov et al., 2007). Alaskan
women and Inuit children and adolescents in Baffin
had inadequate intakes of iron and zinc (Nobmann
and Lanier, 2001; Berti et al., 1999); up to 36% of rural
Alaskans had an iron intake below recommendations
(Ballew et al., 2006). In northeastern Norway, 16% of
the women studied had iron deficiency, four-fold
higher than among men (Broderstad et al, 2006);
40% of pregnant women had iron deficiency anemia
(Hodgins et al.,, 1998), which has also been reported
from northwestern Russia (Vaktskjold et al., 2004a),
and the recommended dietary iron intake was not met
by the average pregnant woman in the Faroe Islands
and northern Finland (Soininen et al.,, 2005; Veyhe,
2006). More than one in three infants (6 to 12 months
of age) and about 50% of children in the age group 9
to 14 months in Nunavik were anemic (Hodgins et al.,
1998; Willows et al., 2000). A relatively high prevalence
has also been revealed among children (4 to 18 months
old) in Nunavut and northern Ontario, mainly due
to iron deficiency (Christofides et al.,, 2005). Adults in
Greenland, on the other hand, had a high intake of iron
(Deutch et al., 2007b), which suggests a high intake of
food from marine mammals. The intakes of iron, as well
as phosphorus, copper, manganese, and zinc appeared
to be adequate among adults in the Canadian Arctic
(Kuhnlein et al., 2007), and most pregnant women met
the recommendations for magnesium, phosphorus,
iodine, and potassium in northern Finland (Soininen
et al., 2005).

Calcium is a nutrient which has tended to be below
the recommended level in a traditional food diet and
intake has been prone to seasonal variations. Data
from the late 1980s indicate that more than 60% of the
Inuit population in Baffin, regardless of gender and age
group, fell below two-thirds of the RDA (Kuhnlein et
al., 1996). Low intakes were also reported elsewhere
among the Inuit (Lawn et al., 1998). Intake was lowest
among women and imported food provided several
times higher intake than traditional foods, regardless
of the seasonal proportion of traditional food in the
diet (Kuhnlein et al, 1996). Among Dene-Métis and
Nunavik and young Baffin Inuit the pattern was similar,
but calcium intake was low even among people with
high imported food use (Receveur et al,, 1997; Berti et
al.,, 1999; Blanchet et al., 2000).

However, Receveur and Kuhnlein (1998) expressed
concern about possible systematic underestimations in
the conducted investigations (Receveur and Kuhnlein,
1998), such as methodological insufficiency to measure
the contribution of calcium from bone and bone marrow
in the traditional food diet (Blanchet et al.,, 2000) and
local foods that have not been analyzed for calcium
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content (Ballew et al., 2006). Nevertheless, recent studies
have also found that the estimated calcium intake
was highest in the groups with the lowest proportion
of traditional food in their diet (Ballew et al., 2006)
and lower on days when such food was consumed
(Kuhnlein et al,, 2004), and that the overall intake is
low in most of the Arctic (Nobmann and Lanier, 2001;
Nobmann et al.,, 2005; Ogloblin et al.,, 2005; Ballew et
al.,, 2006; Korcina, 2006; Lugovaja and Maksimov, 2007;
Gorbacov et al., 2007; Kubasov et al., 2007; Deutch et al.,
2007b; Kuhnlein et al,, 2007). For teenage male Nenets
living in the tundra the intake was estimated to be
about two-thirds of the Russian recommendations for
the age group (Vorobjev, 2005). In the Faroe Islands and
northern Finland, where the diet consists mainly of
store-bought food, calcium requirements appeared to
be met by the average pregnant woman (Soininen et al.,
2005; Veyhe, 2006).

Traditional foods are excellent sources of a number
of nutrients, but are not appropriately classified into the
Healthy Eating Index (HEI) food groups. As an example,
the milk group was designed in part to measure
calcium. An important source of calcium among Yup'ik
in Alaska is fish, which does not contribute to the milk
score. Despite the insensitivity of the HEI to measure
the contribution of traditional foods to diet quality, low
scores among the majority of participants indicated that
there is cause for concern (Bersamin et al., 2006). On the
other hand, the recommendations might overestimate
the dietary intake needed in indigenous populations
because of a possible genetic adaptation to dietary
constraints. This may predispose to nephrolithiasis or
nephrocalcinosis if standard nutritional guidelines are
followed (Sellers et al., 2003).

Iodine deficiency is widespread globally; especially
in areas where table salt is not fortified (de Benoist
et al, 2003). Such deficiency and thyroid disorders
have been prevalent in northern populations of
Russia (Christoforova, 2004; Sibileva, 2004; Korcina,
2006; Kubasov et al., 2007; Gorbacov et al., 2007). The
content of iodine is high in marine animals, and so
the traditional Greenlandic diet was assumed to
provide an intake more than ten times the minimum
recommended level (Hansen, 2000) and almost 40
times the intake on a diet based solely on imported
food (Andersen et al, 2002b). However, a more
recent study of iodine content in typical traditional
food items, tap water, and beverages in eastern and
western Greenland suggested that the iodine intake
with a traditional diet is just slightly above the
recommendations (Andersen et al., 2002b), which
is in accordance with a report of low incidence of
thyroid disorders in these populations (Andersen et
al., 1999b). In Norway, iodine intake appears to be in
accordance with the recommendations for men and
small children, but is generally low among adolescent
girls. Fish provides 20% of the overall intake in
Norway and is the main natural source of iodine, but
milk, milk products and salt provide the most due to
fortification (Dahl et al., 2004). A high consumption of
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non-fatty fish (go-percentile in Norway) may provide
three to four times the daily recommendation, but is
still far below the maximum recommended intake
(Vitenskapskomiteen for mattrygghet, 2006).

Fish may also be an important source of selenium,
vitamin Bi2, and ubiquinone (coenzyme Q10 - an
important co-factor in our energy production). Other
sources rich in selenium are whale skin, birds, and seals
(Hansen et al., 2004). Thus, selenium and vitamin Bi12
intakes are positively correlated with traditional food
consumption and thereby also with PCB, DDT, and
Hg intakes (Ballew et al., 2006; Deutch et al., 2007b). In
Norway, fish contributed about 33% of the total intake
of vitamin Bi2 among adults and 14% to 25% among
children (the proportion decreasing with decreasing
age). Proportions were similar for selenium. However,
because there are also other good animal sources
of Bi2 and selenium these nutrients are generally
not of concern for low-fish consumers, for instance,
in Norway (Vitenskapskomiteen for mattrygghet,
2006). Traditional foods supplied sufficient selenium
in the diets of Nunavik Inuit women (Blanchet et al,,
2000); and intake has appeared adequate across Arctic
Canada and among Greenland Inuit (Hansen et al,
2004; Deutch et al., 2007b; Kuhnlein et al.,, 2007), and
very few rural Alaskans were found to have intakes
below the recommendation, which is contrary to
previous findings (Ballew et al, 2006). Very high
intakes of selenium in some parts of Greenland have
raised concern, but no clinical signs have been recorded
(Hansen et al., 2004). On the other hand, low selenium
status has been reported in northwestern Siberia and
in the European north of Russia (Korcina, 2006, 2007).
Antioxidants are discussed in Chapter 7.

3.2.5. Region-specific summary
3.2.5.1. Alaska

The GOCADAN, CANHR, and ATDP studies all
found that traditional foods accounted for only about
20% of energy intake, but that these foods contributed
appreciably to protein, vitamin A, vitamin B12, iron, and
n-3 fatty acids. The study of Alaskan Natives living in
seven Norton Sound communities (GOCADAN) found
that intake of traditional foods differed significantly by
age group, with the youngest age group (17 to 39 years)
consuming the least. Mean traditional food contribution
of energy in all ages combined was 15%. Traditional
foods provided 23% to 34% of protein, less than 5% of
carbohydrate and 15.5% to 20.9% of fat intake, depending
on age and sex. Traditional foods also contributed more
than 50% of n-3 fatty acids and vitamin-Bi2 intake.

Inwestern Alaska, the degree of dietary westernization
contributes to nutrient intake, both positively and
negatively, in a dose-response manner. Participants in
the highest quintile of traditional food intake consumed
significantly more vitamins A, D and E, and iron and n-3
fatty acids than participants in the lowest quintile. Intake
of vitamin C, calcium, and total dietary fiber decreased
with increased consumption of traditional foods.
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3.2.5.2. Canada

Diet and nutrient intakes are well mapped in Canada.
Local foods constitute less than 40% of the energy
intake of adults and less than 15% among children. In
general, the consumption of traditional food is highest
in communities that are settled in close proximity to a
coast and/or a river, higher among men than women,
and higher in the older age groups. The transition to a
diet high in imported foods in Arctic Canada has led
to observed changes in intake levels of vitamins A, C,
D, and E as well as iron, calcium, folate, n-3 fatty acids,
and fiber. There is nutritional concern, especially for the
groups with the lowest consumption of traditional foods,
and the intakes of vitamins A, D and E, magnesium,
folate, and calcium appear low. Among indigenous
children, iron-deficiency anemia appears to be relatively
prevalent.

3.2.5.3. Greenland

Among Inuit, traditional food consumption has been
associated with a higher proportion of dietary energy
from protein and fat, a high n-3 fatty acid and iron
intake, and sufficient vitamin-A intake. Vitamin C and
folate intake is reportedly low, but vitamin-C deficiency
symptoms have not been observed in recent times.
However, the overall nutritional picture is blurred by
high alcohol consumption, especially among men.
There are also regional differences in traditional food
consumption, nutrient intakes, and nutritional status.

3.2.5.4. Other Nordic countries

Studies about food and nutritional intake are lacking in
Iceland and in the Arctic parts of Sweden. In Norway,
it is known that cod-liver oil and fish are important
sources of n-3 fatty acids and vitamin D in the diet.
Studies including both Sdmi and non-Sdmi communities
in northern Norway found distinct differences in diet
between Inland Sami, Coastal Sami, and Norwegians.
Fish from the sea was mainly consumed in the two latter
groups, but not by the youth. The nutritional status of the
youth was found to be adequate for all nutrients except
vitamin D and fiber. In northern Finland, large segments
of the population appear to have an insufficient intake
of vitamin D. The only study conducted in the Faroe
Islands reported low intakes of polyunsaturated fat,
iron, and vitamin A in the pregnant population.

3.2.5.5. Russian Federation

There have been insufficient comparable and
standardized scientific investigations to draw
conclusions about nutritional status in the Russian
Federation, especially for indigenous population
groups. This is further complicated by the extensive
and rapid socio-economic changes that have occurred
and are still taking place. However, in some populations
economic hardship and deteriorated infrastructure
may have induced an increased use of local foods in
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the diet compared to previous decades. Several Russian
studies have raised concern about the mineral status
of the inhabitants of the north; particularly in relation
to calcium, iron, and iodine. The prevalence of high
alcohol consumption among men inevitably influences
the general nutritional status.

3.3. Contaminants in single food items and
total diets

This assessmenthas focused on several persistent organic
pollutants (POPs), such as dichloro-phenyl-trichloro-
ethane (DDT) and polychlorinated biphenyls (PCBs), and
metals that are potentially of concern to human health
in the Arctic. The POPs and some of the metals are to a
large extent transported to the Arctic by air and ocean
currents and by northward-flowing rivers. Once in the
Arctic, they tend to accumulate in biota and biomagnify
through marine food chains with the highest levels
present at the top of the food chain. Traditional food
can be a significant source of exposure to environmental
contaminants for humans and some Arctic populations
have exceeded the tolerable daily intakes of certain
contaminants, for example the chlordane derivatives
oxychlordane and trans-nonachlor; toxaphene and PCBs
(AMAP, 1998, 2003).

Chapter 5 lists the compounds addressed in the
two previous AMAP assessments of human health in
the Arctic (see for example section 5.1 and Box 5.1) and
several emerging contaminants that are now being found
in traditional foods and peoples of the Arctic (section
5.2). A larger range of compounds is presented for some
regions and populations, such as Arctic Russia and parts
of Alaska, because this will allow more comprehensive
comparisons for regions and populations that were not
included in the previous assessments.

The following text reviews human dietary exposure
to contaminants within different population groups
in the circumpolar countries, based mainly on studies
published since the last AMAP assessment (2003).
Because some circumpolar countrieshavenot performed
dietary studies in their Arctic communities, findings
from studies in other population groups or the general
population are also included. However, it is beyond
the scope of this work to consider contaminant levels
in the many Arctic wildlife species; a topic addressed
by a previous AMAP assessment (AMAP, 2004a).
The general conclusions from that assessment were
that PCB and total DDT levels were declining slowly;
levels of chlordane-related compounds appeared to be
declining; levels of the sum of hexachlorocyclohexanes
(HCH) remained stable; whereas levels of (-HCH
seemed to have increased, but that the variation in
environmental levels was large. However, to assess
overall human exposure to such contaminants, in
addition to information about levels in biota, it is
necessary to obtain information about dietary intakes to
assess the relative contribution from food. Interactions
between contaminants and nutrients are addressed in
Chapter 7 and interactions with genes in Chapter 6.
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Non-dietary factors influencing human exposures to
contaminants were addressed in Chapter 2.

3.31. Alaska
3.3.1.1. Organochlorines in food items

In a study in the three northernmost Alaskan towns,
edible tissues from local marine and terrestrial mammals
and fish were compared to store-bought (imported)
food items (O’Hara et al, 2005, Hoekstra et al., 2005).
In general, imported foods had lower concentrations
of organochlorines (XPCB, XDDT, YHCH, XCHL
and hexachlorobenzenes, HCB) than some tissues of
local marine animals (especially blubber and muktuk).
Tolerable Daily Intake (TDI) limits were calculated for
tissues in different species. The most restrictive limits
for daily intake were set at 300 g muktuk and 67 g
blubber from bowhead whale (Balaena mysticetus), and
78 g muktuk and 32 g blubber from beluga. For blubber in
bearded (Erignathus barbatus) and ringed (Phoca hispida)
seal and liver in burbot the limits were more than ten
times higher. However, some imported foods; namely
sardines, smoked and canned salmon, milkfish, beef
tongue, and reindeer meat and marrow had higherlevels
than some wildlife tissues (e.g., whitefish, pink salmon,
Arctic char). The authors concluded that switching
from a traditional diet to imported food would not
always reduce exposure to organochlorines. The study
did not provide estimates of total intake of food and
contaminants.

3.3.1.2. Mercury in food items

Dietarysurveysinigggto2o002bythe AlaskanDepartment
of Fish and Game in northwestern Alaska showed that
the average composition of subsistence harvest by rural
residents comprised 60% fish, 14% marine mammals,
20% land mammals, and 2% each of plants, birds, and
shellfish (Jewett and Duffy, 2007). In non-fish consumers
the blood values of Hg were less than 1 pg/L, while in
people that consumed large amounts of fish the level
could be higher than 4.2 pg/L. Thus, the meat of fish
and marine mammals that are high predators is a major
contributor of Hg, whereas their liver and kidney have
high cadmium (Cd) levels. Studies measuring stable
isotope ratios of carbon and nitrogen in marine animals
subsistentin Alaska and Chukotkahave shown that polar
bear (Ursus maritimus) is the highest predator followed by
beluga and pilot whales (Globicephala melaena), whereas
bowhead and grey (Eschrichtius robustus) whales are at a
lower trophic level (Dehn et al., 2006). This is reflected in
the total and methyl Hg (MeHg) levels in the consumed
parts, and bowhead and grey whale can be considered
safe for consumption. Ringed and bearded seals are also
at high trophic levels, and Hg levels in their muscles are
higher than in bowhead and grey whales, but lower than
in dogfish and beluga (Dehn et al., 2005).

Among fish, the piscivorous and long-lived northern
pike (Esox reicheti) contained muscle Hg levels that
often exceeded the guidelines for food consumption,
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and the level increased with age and length of the
fish but varied between different regions of Alaska.
Exposure assessments were conducted on several
types of mature fish in Alaska: northern pike, Arctic
grayling (Thymallus arcticus), whitefish and chinook
(Oncorhynchus tshawytscha), burbot, chum (O. keta), coho
(O. kisutch), sockeye (O. nerka) salmon and others. Only
pike exceeded the USFDA action level of 1.0 mg/kg and
the critical value for human consumption of 03 mg/kg.
The estimated limit for consumption of pike was about
one monthly meal. In contrast, methyl Hg concentrations
in the most frequently consumed fish, such as salmon,
cod, halibut, pollock, sole, and herring were very low.

3.3.2. Canada
3.3.2.1. Organochlorines in food items

In Arctic Canada, the main human exposure route
to organochlorines is the consumption of marine
mammals at high trophic levels; such as polar bear,
walrus (Odobenus rosmarus), seal species, and toothed
whales (e.g., beluga) from which blubber is the main
source. Braune et al. (2005) reported on blubber levels of
YPCB, XDDT, ZHCH and XCHL in ringed seal, beluga,
polar bear, and some types of fish (e.g. turbot). Levels
of both organochlorines and Hg, measured by stable
isotope ratios of nitrogen (d “N), are correlated with
the trophic level of the animal. It was concluded that
concentrations of most organochlorines declined in
Canadian Arctic biota between 1970 and the late 1990s,
and are today about half the levels seen during the
1970s. Decreasing temporal trends were found for PCBs
and DDT in fish and ringed seal in some locations, and
also for HCH and CHL. Using archived material from
the 1970s and 1980s, decreasing trends in blubber from
male beluga and polar bear were also found for PCB,
HCH, DDT, and toxaphene from 1980. However, levels
of other POPs, chlorobenzene, endosulfan and the
‘emerging’ chemical, polybrominated diphenylethers
(PBDEs), have been increasing rapidly over the same
period. Traditional-food intake is highest in Inuit
communities followed by Dene and Métis in the North
West Territories and First Nation people of Yukon.
As previously mentioned, intakes of traditional food
by Inuit seem not to have changed over the past 20
years. Monitoring and assessment of the intake of
organochlorines within these groups are warranted
(Muir et al., 2005).

3.3.2.2. Mercury in food items

The Hg level is high in animals from Arctic Canada
compared to other Arctic areas, but varies between
different locations (Braune et al,, 2005, Muir et al.,, 2005).
There is good evidence that Hg levels have increased
from pre-industrial times to the present. However, data
for Hg in beluga whales, ringed seals, moose, seabirds
and fish from the last 20 to 30 years show conflicting
results in terms of temporal trends, due to high variations
in average levels. Both year-to-year variability and
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within-year variability have been observed. However,
a steady increase in Hg in seabirds in Lancaster Sound
suggests that there has been an increased delivery of Hg
into the Arctic marine food web. On the other hand, only
some animal species showed an increase in Hg levels. At
present, it is therefore not possible to conclude whether
anthropogenic Hg is increasing in Canadian biota or not.

Traditional-food intake is highest in Inuit communi-
ties followed by Dene, Métis and First Nations of Yukon.
Among the Inuit, intake of traditional foods does not
seem to have changed much over the last 20 years.
Variations in human Hg blood levels therefore mainly
reflect environmental levels. In Nunavik for example,
Hg levels in blood appear to have varied markedly from
year to year due to variation in the levels in the biota
used as traditional food (Dewailly et al., 2001b).

3.3.2.3. Contaminants in total diet

Dietary surveys have shown that the most frequently
eaten traditional foods among the Dene, Métis, and in
‘Yukon were caribou, moose, salmon, whitefish, grayling,
trout and ptarmigan (Lagopus spp.); whereas in the
Inuit communities caribou, seal, char, musk ox (Ovibos
moschatus), muktuk from narwhal and beluga were
most frequently consumed. The percentage of energy
derived from traditional food ranged from 10% to 32%
in Yukon, 5% to 32% in Dene and Métis, and 12% to 40%
among the Inuit. Differences in intakes of traditional
food were reflected in the mean levels of human plasma
contaminants. In the Inuit communities, Baffin, Inuvik,
Kitimeot, Kivaliq and Nunavik, plasma levels of most
organochlorine pesticides were 8- to 10-fold higher than
in Dene, Métis, and Caucasians, whereas the PCB levels
were about 5-fold higher (Van Oostdam et al., 2003).

Based on data collected in the late 1990s, the intake
by Dene and Meétis were below provisional TDI
values for chlordanes and toxaphenes, whereas Inuit
communities exceeded these TDI levels. The TDI for
Hg was also exceeded in some Inuit communities
(Kivaliq and Baffin). In Qikiqtarjuaqg, the provisional
TDI values for chlordane, HCB, HCH, Mirex, PCBs, and
toxaphenes were exceed by 5% to 50% of the population.
The calculated daily intakes (measured in pg/kg body
weight per day) of most organochlorines dropped by
about 30% between 1987/88 and 1998/99. Toxaphenes,
on the other hand, had increased five-fold, and Hg
had not changed. The study also showed that the main
proportional contributions by food items to chlordane
and toxaphene intake were beluga and narwhal blubber.
The main sources of Hg intake in five Inuit regions were
caribou meat, ringed seal meat, beluga muktuk, lake
trout, and Arctic char flesh. It was also reported that
marine mammals contain mainly inorganic Hg whereas
fish contain mostly organic Hg, and that to account for
this would make a risk assessment more accurate.

The Canadian Total Diet Study (Rawn et al.,, 2004)
was a national survey to determine the level of chemical
contaminants in the Canadian food supply. The study
involved the retail purchase of foods representing 99%
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Table 3-4. Studies of contaminants in the ‘total diet. Average daily intakes of key contaminants (ug/d) and percentage of the study

populations exceeding the TDI values in parentheses.

Study group and sampling year PCB aroclor 1260 DDT Chlordanes Mercury Source
TDI?, ug/d 60 1200 3 12.2
Canada Whitehorse (1998). Average Canadian - 0.36 (0) 0.06 (0) - Rawn et al.,
diet analysed for organochlorine 2004
compounds (no traditional foods
included)
Greenland®(NW)  Uummannaq (1976). 180 day-portions 36.8 (10) 22.5(0) 9.4 (97) 83.8 (100) Deutch et
al., 2006
Uummannaq (2004). 90 day-portions 12.1 (3.3) 8.8 (0) 7.1 (40) 33.6 (50) Deutch et
al.,, 2006
Narsaq (southwest) (2006). 90 day- 5.4 (0) 1.8 (0) 1.3 (10) 8.6 (20) Deutch et
portions., al., 2007a
Greenland (W) Dietary survey (1995) combined with 23.0¢ 32.0 17.8 41.6 Johansen et
organochlorine compounds and 22.9¢ 254 14.7 41.6 al.,, 2004b
heavy metal levels in animals. Spring
and autumn, respectively.
Sweden Four cities, 4000 persons (1998). Mar- 0.62 (0) 0.52 (0) 0.12 (0) - Darnerud
ket basket, dioxin PCDD, PBDEs. et al.,, 2006
Finland Four cities, 4000 persons (1998). 1.2 (0) - - - Kiviranta
Market basket, dioxin PCDD, PBDEs. et al., 2004

- :not available; *based on a TDI in pg/kg body weight/day (PCB = 1.0, DDT = 20, chlordanes = 0.05); * the three sample years represent different compositions

and percentages of local food; “sum of 10 PCBs.

of the average diet for an individual city. Each year,
samples were collected from a different city as part of
the total diet cycle. In a study of food samples collected
in 1998 in Whitehorse and Yukon supermarkets, 132
food composites were analyzed for the concentrations
of 61 pesticides. Using the concentration data, dietary
contaminant intakes were calculated by multiplying
their concentration by the estimated consumption of
the particular food item. Finally, the total intake was
calculated by summing intakes from all the foods
containing residues. The findings are summarized in
Table 3.4. Organochlorine insecticides were the only
group of pesticides detected in fish composite samples.
Seven insecticides were detected in freshwater fish, and
six in canned composites of salmon and tuna. Dichloro-
diphenyl-dichloro-ethylene (DDE), dieldrin, and HCB,
now rarely used as pesticides, were detected in marine
composites of cod and haddock. ZCHL and ZHCHs
were below reporting limits in shellfish and marine
fish. The measured EDDT in composites of freshwater
fish was 1.6y ng/g; of canned fish 6.60 ng/g; and of
marine fish 0.43 ng/g. In general, the pesticides in food
composites were well below the maximum residue
limits of the Canadian Food and Drug Regulations,
and the dietary intakes of any of the pesticides were not
above acceptable daily intakes in any gender and age-
specific group. The low contaminant loads reflected
that the study included common supermarket food and
not traditional Arctic foods.

3.3.3. Greenland

In Greenland, human dietary exposure to organo-
chlorine compounds and heavy metals has been

assessed in several ways: by measuring contaminant
levels in daily food portions from three sub-population
groups with different dietary composition (Deutch et
al.,, 2006, 2007a,b); by calculating theoretical estimates of
human exposure from dietary surveys and contaminant
levels determined in consumed animals (Johansen et
al,, 2004a,b); and by combining a country-wide dietary
survey with individual blood and plasma levels of
contaminants to identify dietary predictors for the level
of each contaminant (Deutch et al.,, 2007a).

3.3.3.1. Contaminants in the total diet

A comprehensive study of contaminant concentrations
in the local diet in Greenland (Johansen et al., 2004a)
included Cd, Hg, selenium, PCB, DDT, chlordane,
HCH, chlorobenzenes, dieldrin, and toxaphene levels
in the major animal species and tissues consumed by
Greenlanders. Tissue from about 25 animal species
was included in the study and as a generalization
contaminant levels were very low in terrestrial species
and in muscle tissue of many marine species. High
organochlorine concentrations were typically found
in marine mammal blubber and high metal levels
in seabird liver and in liver and kidney of seals and
whales. The study also found that contaminant levels
in the Greenland environment, including dietary
items, were lower than in more densely populated and
industrialized regions of the northern hemisphere. This
geographic difference was very pronounced for most of
the organochlorines and Hg levels were also generally
lower in Greenland. In contrast, Cd concentrations
were much higher in biota from Greenland (and other
Arctic areas) than from temperate European marine
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Figure 33. Local food percentage, contaminant and
nutrient content measured in duplicate meal portions from
Uummannaq, Greenland in 1976 and 2004 and Narsagq,
Greenland in 2006.

environments. Based on studies by Dietz et al. (1990),
a MeHg intake of 38 pg/d per person was calculated
by Johansen et al. (2004b) in autumn and 54 pg/d per
person in spring in the diet study in Disko Bay. This is a
high intake, significantly exceeding the European Food
Safety Authority’s TDI of 0.23 ug/kg body weight per
day and the U.S. EPA Reference dose of 0.1 pg/kg body
weight per day (Hansen and Gilman, 2005).

In an AMAP-associated study (Deutch et al,
2006, 2007b), dietary composition and nutrients and
contaminants were compared between 180 traditional
meals collected by the ‘duplicate portion method’
in Uummannaq (northwest) in 1976, and 9o meals
sampled in Uummannaq in 2004 and Narsaq (south)
in 2006 under similar conditions. Eleven pesticides,

Mean daily intake, pg/d
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Figure 3-4. Daily intake of POPs in 90 daily food portions as a
function of seafood types present in the diet.
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14 PCB congeners, heavy metals, selenium, and fatty
acids were analyzed in both the meals and blood
samples from the participants. Contaminant levels
were compared between locations and collection years
after adjustment for n-3 fatty acids, marking local food
content. Large changes occurred between the dietary
composition in 1976 and the meals from 2004 and 2006.
The percentage of local food decreased from about 40%
in 1976 to 22% (Uummannaq) and 12% (Narsaq), and
with it the intake of n-3 fatty acids from 85 g/d, to 3.5
g/d and 1.7 g/d, respectively. The consumption of seal
products decreased in particular (from > 400 g/d in the
1976 samples to < 100 g/d in the 2004 to 2006 samples).
Both the contaminants and several important nutrients
had decreased together with the intake of local food (see
Figure 33). Daily organochlorine and Hg intakes, and
percentage of participants exceeding TDI values, are
shown in Table 3.4.

Calculated as daily intake, all but three contaminants
(chlordanes, mirex, and toxaphenes) decreased. This
could be explained to a large extent by the lower intake
of local food. As the contaminant intakes decreased, so
did the nutrient intakes originating from traditional
food items. After adjustment for n-3 fatty acid content,
a decline in concentration in the local food was evident
only for PCB and lead (Pb), whereas for Hg, DDTs and
chlordanes the levels were unchanged, and for HCB,
mireX, and toxaphenes the levels increased. Thus, with
the exception of PCB and Pb, contaminants in local food
items are in general not decreasing in Greenland, but
their intake is decreasing due to changing dietary habits
(Deutch et al., 2006).

Figure 3.4 shows the relative contribution to contam-
inantexposure of different types of seafood that occurred
in meal portions. It shows that a dietary composition
based on imported food, without local marine mammals
and fish, presentsaverylow contaminantload. Theintake
of seal blubber was the most important determinant for
high contaminant exposure even if the intake of seal
blubber was only 8 — 20 g per meal on average.

3.3.3.2. Dietary survey and calculation of
exposure from animal data

A dietary survey using a food frequency questionnaire
(FFQ) performed in western Greenland in 1995 (spring
and autumn) with 300 participants (Pars, 2000),
analyzed contaminant levels in muscle, liver, kidney,
and blubber from animals hunted within the same area
and grouped the results into categories of very low to
very high contaminant levels. The daily average intake
of the various tissues was calculated and multiplied by
the contaminant level measured in the tissues, thereby
providing an estimated total daily contaminant intake.
It was found that the mean intake of Cd, chlordanes
and toxaphene exceeded the TDI values by a factor of
2.5 to 6. Mean intakes of Hg, PCB, and deldrin exceeded
the TDI values by up to about 50% (note that the PCBs
measured were the sum of ten PCBs, therefore lower
than the PCB Aroclor 1260 TDI), while intakes of DDT,
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HCH, and chlorobenzenes were well below the TDI
values. The percentage of participants exceeding the
TDI values was not reported (Johansen et al., 2004a,b).
Levels are presented in Table 3.4.

3.3.3.3. Dietary survey and blood
levels of contaminants

A dietary survey by semi-quantitative FFQ was
performed as part of the ongoing AMAP study covering
eight locations in Greenland (n = 600) (Deutch et al,
2007a). Blood levels of heavy metals and a number of
lipophilic POPs were measured, including 10 pesticides,
14 PCB congeners, and 5 toxaphene congeners, and
the associations between self-reported monthly
food frequencies and the levels and ratios of plasma
phospholipid fatty acids as indicators of local food were
assessed. The resulting relative solid weight of local
products ranged from about 25% in Qaanaaq (N) and
Uummannanq (NW), to about 12% in Sisimiut (W),
Nuuk (SW), and Narsaq (S). The relative energy intake
was almost the same as the relative solid weight. It
was found, not unexpectedly, that the intake of local
Greenlandic products was higher in the north, and that
the intake and versatility of imported Danish products
was higher in the southern and southwestern parts of
the country (Deutch et al., 2007a).

Reported food intakes (traditional and market
food) were found to be very similar between men and
women in the smaller towns, but in the bigger towns
the women appeared to be more ‘westernised’ and
consumed more market foods than the men (Deutch
et al.,, 2004, 2006). The relative intake of local food was
strongly correlated with plasma n-3/n-6 levels, and this
ratio was used as an indicator of marine food intake.
Positive associations were found between n-3 fatty
acids in human lipid fractions and blood levels of both
Hg and all organochlorines. This makes the connection
between intake of marine mammal fat (e.g., blubber)
and organic pollutants highly probable.

3.3.3.4. Organochlorines

Organochlorine levels in blood and plasma data are
presented in Chapter 5. All the plasma organochlorine
levels were positively associated with the reported
monthly intake of Inuit meals and, not surprisingly,
several were inversely correlated with the intake
of Danish meals. Meals including seal meat were
correlated with PCB, chlordanes, HCB, and Mirex.
Meals which included seal products (meat, blubber,
liver) were correlated with plasma levels of all
organochlorines (Deutch et al., 2004). Polar bear intake
was correlated with all organochlorines, except DDE
and Mirex, and so was intake of musk ox. However,
intake of musk ox is only common in Ittoqqortoormiit
and may be a marker of intake of polar bear or ringed
seals (Deutch, 2003b; Johansen et al., 2004a,b). Bird
intake was correlated with PCBs and toxaphenes, and
fish intake was correlated with all organochlorines.
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Seal and whale blubber were the major contributors to
relative exposure from all organochlorines, about 50%
and 40%, respectively. Among women from Nuuk and
Sisimiut, who only ate seal and whale once or twice a
month, the PCB and Hg exposure levels were as low as
in young Danish women (Deutch, 2003b).

It was also found that smoking, independent of the
other factors, was correlated with the plasma levels of
organochlorines. The magnitude of the effect of smoking
was quite considerable, to the extent thata typical 50-year
old male smoker could have double the PCB level of a
comparable non-smoker. Tobacco itself is not a source of
organochlorines, whereas Cd and Pb concentrations in
blood are both correlated with smoking because tobacco
is a direct source of these elements, especially Cd. The
higher levels of all measured organochlorines among
smokers in Greenland suggest that nicotine or other
substances in tobacco smoke influence the metabolism
of these xenobiotic substances (Lagueux et al, 1999;
Deutch and Hansen, 2000; Deutch et al., 2003). Because
of the uneven spatial distribution in local predatory
animals, district (municipality) is a predictor of
contaminant levels. The different spatial distribution of
human exposure indicates that not all organochlorines
have the same geographical distribution and that the
external sources of organochlorines may vary from
place to place, but the differences in human exposure
also stem from differences in dietary composition in
the different districts.

In Greenland, as in Arctic Canada, the main human
exposure to organochlorines is consumption of marine
mammals at high trophic levels. Polar bear is an
important food source on the east coast particularly
during the winter months, and the organochlorine levels
in polar bear were very high, especially for PCB (Riget
et al, 2004). The high PCB levels in Ittoqqortoormiit
were highly correlated (p < o0.0001) with polar bear
consumption (Deutch et al, 2003, 2004). Contaminant
data for polar bears indicate such high levels that
polar bears would be the predominant source of PCB
contamination in areas where it is consumed. From
the analysis of hunted animals, including polar bear,
it appears that PCB and DDT levels are decreasing
(Johansen et al., 2004a,b, Riget et al., 2004).

There is less documentation of a temporal trend in
human tissue. However, among pregnant women from
the Disko Bay area over a 12-year period (1994 to 2006),
decreases of oxychlordane, p,p-DDE, and CBi53 were
found in plasma and for Pb in whole blood, but not
for Hg. These decreases can partially be explained by
different dietary and smoking habits (further details
provided in Chapter 5, Table 5.7) (Deutch, unpublished
data). Multiple linear regression analyses, which were
performed using natural logarithms of lipid-adjusted
POPs as dependent variables showed that the following
factors were all strong indicators of human plasma levels
of organochlorines: age, gender, district, intake of marine
mammals, smoking status (present, previous, or never)
or plasma cotinine level, and in particular the plasma
n-3 : n-6 fatty acid ratio. So identification of individuals
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at risk of accumulating a high organochlorine burden
is not just a simple question of dietary exposure, but is
complicated by other behaviors as well as by interacting
genetic and biochemical factors.

3.3.3.5. Heavy metals

The plasma n-3 fatty acids and blood levels of heavy
metals were strongly correlated; Hg in particular (r =
054, p < 0.001). However, the blood levels of Hg were
very high in Uummannaq and Qaanaaq in northwestern
Greenland (Deutch et al,, 2007a) and the ratio between
Hg levels and n-3/n-6 fatty acids was higher there than
in all other districts (different correlation coefficients
in different districts). This could mean that the dietary
sources have higher Hg levels than in other districts
and could point to a special environmental Hg problem
in northwestern Greenland (see also Canada), which
cannot yet be explained. Riget et al. (2004) found that
Hg levels are increasing in northwestern Greenland in
animal biota. But animal data are not consistent between
locations or species. The Hg blood levels were correlated
with selenium levels (p < o.001) indicating the same
external source.

Estimates of human exposure to bioavailable Hg
indicate that seal and whale meat are the biggest
contributors, by about 40% and 20%, respectively. In
contrast, the high inorganic Hg levels in animal liver
and kidney tissue are much less bioavailable (less than
10%), and therefore not important sources (Deutch,
2003a,b). Blood levels of Hg and Pb were correlated
with the intake of meat from seal and whale, but a
multiple linear regression also revealed an association
with age, gender, district, plasma n-3 fatty acids, and
smoking. Cadmium levels, on the other hand, were
not correlated with seal and whale consumption and
age, but with n-3/n-6 fatty acids, gender, district and
smoking. See also section 3.3.3.1.

3.34. Faroe Islands
3.34.1. Organochlorines in food items (gull eggs)

Eggs from fulmars (F. glacialis) constitute part of the
traditional diet for a part of the population and may
contribute to the high levels of organic contaminants
found in the blood of pregnant Faroese women.
In general, fulmars, and fulmar eggs, muscle, and
subcutaneous fat were found to have high levels of
several organochlorines, namely PCBs, HCB, and DDT.
Levels were higher in adults than in young birds.
Fulmar eggs also contained PBDEs, but in much lower
concentrations than PCBs, and also much lower than in
guillemot eggs from East Greenland or the Baltic. PCB
concentrations in fulmar eggs and muscle were in the
same range as for pilot whale blubber. However, the total
fulmar egg consumption per year was only about 10 0oo
among a population of 50 ooo. Nevertheless, humans that
eat fulmars and their eggs are exposed to noteworthy
PCB levels in addition to exposure from pilot whales
(Fangstrom et al. 2005a,b). No other dietary studies of
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contaminant contents in food items have been published
for the Faroe Islands.

3.3.5. Norway
3.3.5.1. Organochlorines in food items (gull eggs)

Top level predators in the Arctic, such as polar bears,
Arctic foxes (Alopex lagopus), and some gull species,
accumulate high levels of several fat-soluble POPS.
Gulls deposit high levels of these pollutants in their
eggs, which are part of the traditional diet in northern
regions (Pusch et al., 2005). Seagull eggs were collected
from four gull species (Larus argentatus, L. marinus,
L. fuscus, L. hyperboreus) at 12 locations in northern
Norway, the Faroe Islands, and Svalbard. Although
levels were highest in the northernmost location, Ny
Alesund, and the mean burden varied by location, it
did not vary in a systematic geographic manner. The
total burden (the sum of mono-ortho PCBs, non-ortho
PCBs, polychlorinated biphenyl dioxins (PCDDs),
and polychlorinated biphenyl furans) varied from 22
to 107 pg TCDD equivalents (TEQ) per/g ww with an
average of 65.5 pg TEQ dioxin and PCB per g ww. It was
calculated that by eating eight eggs per year, an adult of
60 kg would exceed the Tolerable Weekly Intake (TWTI)
of 14 pg TEQ/ kg body mass per week, while a child of
20 kg would exceed the TWI by eating three eggs per
year. Based on these results, it was recommended that
children, young women, and pregnant and nursing
women should not eat gull eggs, and that other people
should limit their intake. There is reason to believe that
consumption of seagull eggs declined markedly after
the National Nutritional Council issued a warning, and
the retail sale of eggs stopped altogether in 2000.

3.3.6. Sweden
3.3.6.1. Organochlorines in the total diet

A ‘market-basket’ study was carried out in Sweden in
1999 by Darnerud et al. (2006) using a similar approach
and technique as the Finnish study in section 33..1.
It covered four cities in different geographic areas,
with the city of Sundsvall at the Baltic Sea coast the
northernmost (61.4° N). Thus, none were actually in
the Arctic. Average daily consumption was derived
from national statistics. The consumed food items were
divided into 15 groups (market baskets); fish, meat, dairy,
fats, cereals, etc. Fish was the major contributor to TEQ
intake (34%). While PCBs and DDTs showed the greatest
intake by weight, the dioxin intake, although lower by
weight, is perhaps of higher potential risk. More than
10% of the Swedish population is estimated to have an
intake above the TDI of 2 pg total WHO-dioxin-TEQ/
kg body weight. The results were compared to a recent
Swedish food study using individual food consumption
data, and the resulting intake levels of organochlorines
were similar. The authors concluded that the market-
basket method is an efficient monitoring instrument
that can be used in contaminant trend studies. A follow-
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up of the market-basket study was performed in 2005
(Ankarberg et al, 2007) and showed that calculated
average per capita intakes of persistent organochlorines
and toxic equivalents had decreased between 1999
and 2005 for PCDDs, PCB, and total TEQ, £PCB, and
ZDDTs. The total TEQ had decreased by 48%, XPCBs by
41%, and ZDDTs by 31%. It was also confirmed that fish
consumption was still the major source, contributing
49% of the total TEQ intake. Commercial fishers from
the Baltic Sea with high consumption of fatty fish
(salmon and herring) had the highest TEQ intake /kg/d;
five times the average intake.

3.3.7. Finland
3.3.71. Organochlorines in the total diet

A Finnish food-basket study, based on the average
consumption figures from four major cities (non-
Arctic), compared the contaminant contents of almost
4000 individual food samples divided into ten market
baskets (milk products, fish, meat, eggs, fats, cereals,
potatoes, vegetables, fruits, beverages) (Kiviranta et al.,
2004). PCDD, PCDD/Fs, dioxin TEQs, and various PCB
congener fractions were measured. The average daily
intake by this representative population sample was
assessed based upon the ‘total market basket content’
(see Table 3.4). It was found that fish was the major
contributor of several contaminants (80% of PCB, 72 —
94% of PCDD and PCDD/Fs, and 94% of dioxin-TEQs)
although the average intake was only 27.4 g/d (or 1.4%
of total food consumption). The exposure contribution
from fish was about 50 times the contribution from meat
and eggs; 100 times the contribution from milk products;
and about 1000 times the contributions from vegetables,
fruit, berries and beverages.

The Finnish daily intakes and dioxin exposure were
compared to ten other European countries, Japan, China,
and the United States. The total daily intakes of WHO-
TEQs, PCB-TEQs, and PCDDEF-TEQs did not differ much
between the countries compared, and were of the same
order of magnitude. However, sources varied between
countries. In several of the other European countries,
meat and dairy products contributed more than fish to
the contamination load. Only Japan, which is known
to have a high fish intake, had almost the same relative
contribution from fish as in Finland.

3.3.7.2. Organochlorines in food items

During the 1990s, the pollutants in foods in Lapland
(Arctic Finland) were analyzed and compared to levels
in foods from the rest of Finland (Soininen et al., 2005).
DDT, PCB, HCB, and BHC were on average low in all
food items tested, including all freshwater fish.

3.3.7.3. Metals in food items

In the same study, a number of metals regarded as
nutrients (copper, zinc, selenium) and pollutants
(arsenic, Cd, Pb, Hg, nickel) were measured in local
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food items in Lapland (vegetables, potatoes, berries,
mushrooms, reindeer, game, local fish) and compared to
levels in food items from the rest of Finland (Soininen et
al., 2005). In general, levels of pollutant metals were low
(and below the Finnish reference values) in most food
items except reindeer liver, some of which exceeded
the reference values for Cd and Pb. Likewise, Hg levels
were low in most food items, including most fish species
except fish from new water reservoirs where levels
exceeding 1 mg/kg were found in old burbot and pike.
Based on a dietary FFQ the average dietary Hg intake
was estimated to be 4.4 ug/d, corresponding to 15% of
the provisional TWI and basically equivalent to the
situation in the rest of Finland.

3.3.8. Russian Federation
3.3.8.1. Organochlorines in food items

In all studied regions of Arctic Russia, the concentrations
of organochlorines in venison and fish (marine,
migratory, and freshwater) were low. In birds, the levels
were 2 to 4 times higher than in reindeer and fish, but
10 times lower than the RFSL. Levels in birds decreased
based on feeding habit: molluscivorous > omnivorous
> piscivorous > meadow feeding; the species with the
lowest concentration was ptarmigan. Levels in marine
mammal meat, liver, and kidney in Chukotka were low,
but accumulated in fat tissue. Nevertheless, PCB levels
in the fat of walrus, seals, and whales were 20 times
lower than the RFSL, while DDT and HCH levels in fat
only slightly exceeded these limits.

Thus, from a food safety perspective, there should
be no concern about eating venison, all types of fish,
and fish liver. But indigenous northern peoples are
recommended to restrict (to various extents) the
amounts of specific types of local foods; for example
liver and kidney of reindeer, meat of waterfowl, and
in coastal Chukotka, meat, liver and kidney of seals,
liver and kidney of walruses, whale liver, and the fat
(including muktuk) of whale, walrus, and seals. Based
on the maximal concentrations of persistent toxic
substances in traditional food products, the values of
maximal daily intake were calculated for each product
— both for inland and coastal communities (Dudarev
et al., 2005).

3.3.8.2. Organochlorines in food items, and additional
sources of food contamination

In the Russian Arctic, a double contamination of food
products during storage, souring, processing, and
cooking was found (Dudarev and Chashschin, 2004,
Dudarev, 2007a), a phenomenon not found in other
circumpolar countries. It was concluded that indoor
sources of PTS were likely to have contributed to the
high blood levels of contaminants among indigenous
peoples of the Russian Arctic, particularly Chukotka
natives. It was observed that all the houses of indigenous
peoples studied were contaminated by organochlorines,
mostly by PCBs and DDT. Home-produced ready-to-eat
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local food had much higher levels of contamination
by persistent toxic substances than fresh products
obtained directly from the natural environment. It was
established that household use of insecticides and other
chemicals for combating insects and pests, technical
oils and liquids for the imbuing of wood and other
construction materials, second-hand use of wasted
technical containers and barrels for souring of plants
and vegetables, home-made alcohol fermentation, and
water keeping, are subject to additional contamination
during processing in the household environment. High
risk of food contamination is specifically associated in
Chukotka with prolonged fermentation of meat and fish
in ground pits that are not protected from accidental
contamination by leakage of drainage waters and
contaminated soils due to poor sanitation and general
environmental neglect of native communities (Dudarev
and Chashschin, 2004, Dudarev, 2007b).

The findings from the investigations in Russia have
been realized in recommendations and nutritional
advice aimed at reducing organochlorine exposure
though food by indigenous peoples without intervening
in their basic traditional lifestyle and cultural identity.
A colored brochure aimed at indigenous population
groups providing information on how to avoid secondary
contamination of food was disseminated. However, no
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evaluation of the effect of recommendations and the
information campaign has been undertaken.

3.3.8.3. Dietary survey and human plasma levels of
organochlorines

On the Chukotka Peninsula, where the population
depends heavily on marine mammals, plasma levels of
organochlorinesamongthestudy population(Sandanger
et al, 2003) were correlated with data obtained in a
dietary survey (Dudarev etal., unpublished) (see section
3.1.3.5). The dietary survey was performed using a FFQ
covering the locally-consumed food items, of which
the 18 most common were reported. Consumption
of seal, walrus, and whale was common, and so was
consumption of blubber, as well as Arctic char, salmon,
and duck. Polar bear was consumed, but infrequently
(it is illegal to kill polar bears). Although the intake of
marine mammals, particularly of their blubber, was
higher than in East Greenland (Deutch, 2003b), the
human plasma levels of XPCB and ~XDDTs were lower
than in eastern and northwestern Greenland and lower
than in Nunavik (northern Quebec). This indicates
that levels of these compounds are lower in marine
mammals from the eastern Arctic. On the other hand,
p-HCH plasma levels were higher than in any of the

Table 3-5. Russian Food Safety Limits (RESLs) and allowable daily intakes. Source: Public Health Ministry of Russia (2002, 2003a,b).

Contaminant  Raw food (fresh or frozen products) Russian food safety limits
Concentration in food, Allowable daily intake,
mg/kg mg/kg body weight per day
HCHs Fish, meat of marine mammals 0.2 0.01 (adults); 0.005 (children)
Fish liver 1.0
Meat and poultry 0.1
DDTs Fish, meat of marine mammals 0.2 0.005 (adults); 0.0025 (children)
Fish liver 3.0
Meat and poultry 01
HCB Cereals 0.01 0.0006
PCBs Fish, meat of marine mammals 2.0 not established
Fish liver 5.0
Fat of marine mammals 3.0
Lead Meat and poultry 0.5 not established
Liver of mammals and birds 0.6
Kidneys of mammals and birds 10
Fish, fish liver, meat of marine mammals 1.0
Cadmium Meat and poultry 0.05 not established
Liver of mammals and birds 0.3
Kidneys of mammals and birds 1.0
Fish, meat of marine mammals 0.2-0.6
Fish liver 0.7
Total Mercury ~ Meat and poultry 0.0 not established
Liver of mammals and birds 0.1
Kidneys of mammals and birds 0.2
Fish, fish liver, meat of marine mammals 0.3-0.6
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Table 3-6. Studies concerning single food items and contaminants.
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Study Food items Source

Alaska Comprehensive study of POPs in Arctic local food items ~ Marine biota and store-bought =~ Hoekstra et al., 2005;

food items O’Hara et al., 2005

Canada Comprehensive study of Arctic local food items and their Marine biota Braune et al., 2005
POPs and heavy metal levels

Iceland  Selected single food items, but no human consumption Six species of waterfowl Olafsdottir et al., 2001
data, POPs levels

Faroe Selected single food items, POPs levels Fulmars and eggs Féangstrom et al,, 2005a,b

Islands

Norway  Selected single food items, correlations between specific ~ Seagull eggs Pusch et al., 2005
food items and POPs levels in breast milk

Russia Comprehensive study of heavy metal and POPs levelsin ~ Marine biota, terrestrial biota Dudarev et al., 2005;
Arctic local food items and store-bought food AMAP 2004b

native populations from Greenland, Canada, and the
Faroe Islands, for both men and women. The 3-HCH
levels in men were 4 times higher than the highest
levels reported for East Greenland. The sum of the self-
reported consumption of blubber from seal, walrus,
and whale was an indicator of plasma concentrations of
ZPCB, but only borderline for chlordanes and DDT.

3.3.8.4. Metals in food items

In a summary of Russian data regarding persistent
organic substances in Arctic food products, it was
concluded that the overall levels of Pb and Hg in venison
were low in the four main studied regions of Arctic
Russia (Kola Peninsula, Nenets Autonomous Okrug,
Taymir APO, Chukotka AO) (Dudarev, unpublished).
However, in some regions the Hg levels in reindeer
kidney exceeded the food safety limits in Russia for
commercial and wild foods (RFSL) by up to 50%. In
waterfowl, Hg levels were 2 to 3 times higher than the
RFSL. For Cd, venison and reindeer liver and kidney
exceeded the RFSL by up to 100% (see Table 3.5). Lead
levels in reindeer liver and kidney were below the RFSL
everywhere, this was also the case for birds — except
when lead shot was found inside. Cadmium levels in
birds were also low. In all regions, levels of metals in
fish (including marine, migratory, and freshwater fish)
did not exceed the RFSL, including burbot liver.

In Chukotka, levels of Pb in all tissues were below
the RFSL in all species of marine mammals. In meat, Cd
levels were also low. Liver levels of Cd, on the other hand,
exceeded the RFSL by 5 to 15 times in whales, walrus, and
seals. All species of seal were more contaminated with
Hg than terrestrial mammals, birds and fish. For Hg,
levels in seal meat exceeded the RFSL by 3 to 10 times;
seal kidney by 10 times; and seal liver by 20 to 100 times.
The highest Hg levels were observed in bearded seal,
particularly in the liver. Meat of walrus and grey whale
is less contaminated with Hg, with levels lower than the
RFSL. However, kidney and liver of walrus had Hg levels
2 to 4 times higher than the RFSL. In whales, on the other
hand, Hg levels in kidney are below the RFSL and the
liver level is similar to the RFSL. The percentage of the
population exceeding the RFSL levels was not reported.

3.39. Summary

Ideally, total exposure based on total diet measure-
ments or calculation of exposure from dietary surveys
should have been combined with measurements of
contaminant levels in foods. However, only a few
of the published studies facilitated this. Within the
Arctic populations, total diet studies with analysis of
contaminants have been performed only in Greenland
and Canada. Large population market-basket studies
have been performed in Finland (Kiviranta et al., 2004)
and Sweden (Darnerud et al., 2006), but not within
indigenous populations in the Arctic. In Alaska, local
food items from various indigenous communities
have been analyzed for contaminant levels, and the
investigated items have been compared to TDI values or
reference dose levels, but total dietary exposure has not
been estimated (Hoekstra et al., 2005). In Russia, a large
study determined contaminant levels in indigenous
domestic food and residences, and a large number of
food items were compared between different provinces
and relative to safety limits and/or reference doses
(AMAP, 2004b; Dudarev et al, 2005). Simultaneously,
contaminant levels were also determined in humans,
both in maternal and cord blood and in the general
population, and were compared between provinces.
However, these measurements were not directly related
to estimated dietary exposure. As a part of the study,
human plasmalevels of organochlorines were measured
and dietary information collected by a questionnaire
in Uelen (Chukotka), and blubber from seal or walrus
was identified as the main dietary predictor for high
organochlorine levels. A summary of studies of single
food items is provided in Table 3.6.

Based on the very heterogeneous material reviewed
in this chapter, it is difficult, if not impossible, to make
direct comparisons between total dietary contaminant
exposures in the different Arctic countries and
population groups. For instance, the different studies
have used different methods and have not focused on
the same set of contaminants, although there are some
overlaps.

For most of the Arctic areas concerned, the major
dietary sources to high human exposure come from the
same animal groups (usually high trophic level marine
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predators). Nevertheless, the contaminant levels may
vary from place to place, with large spatial differences
both between and within countries. Therefore, it still
appears important to caution the intake of certain
animal tissues that are a part of the traditional diet. One
approach could be to categorize key local food items
into groups of relative safety. However, any advice
should be based on local food habits and contaminant
levels.

34. Food security

Food security is ‘the assurance that all people at all
times have both the physical and economic access to
the food they need for an active, healthy life. It means
that the food itself is safe, nutritionally adequate and
culturally appropriate and that this food be obtained
in a way that upholds basic human dignity” (Canadian
Centre for Policy Alternatives-Mb, 2004, WHO, 2006).
Food security is based on three basic components: food
availability (i.e., sufficient quantities of food available
on a consistent basis), food access (i.e., having sufficient
resources or income to obtain appropriate foods for
a nutritious diet), and food use (i.e., appropriate use
based on knowledge of basic nutrition and care) (WHO,
2006). A fourth concept that is beginning to be included
is the risk of climatic fluctuations, conflict, job loss, and
epidemic disease, all of which can disrupt any of the
first three factors (Webb et al., 2006). In addition to food
availability and access as an issue for nutrition in the
Arctic, food safety and hygiene have been reported
to be compromised in Arctic populations, resulting
in food-borne illnesses and the incidence of zoonotic
infectious diseases passed from animals to humans.

34.1. Food security in the Arctic context

Data on food security in the Arctic are scarce and
primarily available for the Canadian Arctic and Alaska.
These data have only been collected in a few discrete
communities and not across the expanse of Arctic
North America. More data are needed for Arctic North
America as well as for other circumpolar countries and
regions to provide a better overall view of this issue.

Previous dietary surveys have found that food
security is a concern in northern Canadian commun-
ities (Lawn and Langer, 1994, Lawn and Harvey, 2001),
findings which are now corroborated by additional
reports on food insecurity in northern Canada (Lawn
and Harvey, 2003; Ledrou and Gervais, 2005; Chan et al.,
2006; Lambden et al., 2006; Egeland et al., in press).

Food security in the Arctic involves unique and
more complex issues than food security in southern
populations. Arctic communities rely heavily on
traditional food, which plays a critical role in the health
of people living in the Arctic. Not only does traditional
food provide significant nutritional health benefits,
the lifestyle for procuring and consuming traditional
food is important for maintaining cultural values,
identity, and social well-being (Chan, 2006). In many

AMAP Assessment 2009: Human Health in the Arctic

Arctic communities, traditional foods are an economic
necessity as well as a vital element for good health.
As a result, contamination of traditional food raises
problems not only with respect to consumption and
toxin exposure, but also by affecting the cultural way of
life (Kuhnlein, 1995; Van Oostdam et al., 1999; Kuhnlein
and Chan, 2000). In addition to the three common levels
of food security (individual, household, community),
Power (2007) suggested ‘cultural food security’ as a
fourth level relevant to indigenous people in northern
Canada, and probably also to other Arctic populations.
Cultural food security might include indicators such as:
traditional food knowledge, access to traditional food
systems, and safety of traditional food (Power, 2007).
Key factors affecting food security in the Arctic include:
poverty and unemployment; food sharing networks;
environmental contamination and global climate
change; access to the land; traditional knowledge; cost,
availability and quality of commercial market foods in
remote communities; and the processing, marketing,
and sale of traditional food (Kuhnlein and Chan, 2000;
Duhaime, 2002; Paci et al, 2004; Guyot et al, 2006;
Lambden et al., 2006; Power, 2007; Luick, 2008).

Studies in a few isolated indigenous communities
in Arctic Canada have shown high prevalence of food
insecurity, from 40% to 83% (Lawn and Harvey, 2003,
2004a,b; Boult, 2004), compared to 9% in non-indigenous
households in 2004 (Health Canada, 2007). About 30% of
Native American and Alaska Native households were
food insecure, a value twice as high as for the rest of the
U.S. population (Nord et al., 2007).

Food costs in most remote communities are easily
double that of costs in accessible southern Canadian
cities. Prominent barriers to food security mentioned by
focus group participants included the costs of hunting,
the limited income available after bills were paid,
inadequate government support and involvement, as
well as the many societal and individual changes that
have occurred in recent times (Chan et al,, 2006). In a
survey evaluating access to traditional and imported
food in 44 communities across the three Canadian
territories involving Yukon First Nations, Dene, Métis,
and Inuit women (n = 1771), some degree of food
insecurity was noted throughout the communities
surveyed. There was, however, considerable regional
variability in the percentage of respondents indicating
that they could afford adequate food (Lambden et
al,, 2006). Altogether, the literature speaks to the
vulnerability of indigenous women to food insecurity
and that factors associated with poor affordability
of imported food, lack of accessibility to hunting and
fishing equipment, and/or lack of a hunter in the family
contribute to food insecurity.

34.2. Food hygiene

Climate change may affect the incidence of food-borne
diseases in the Arctic as higher temperatures may
result in increasing temperature-sensitive food-borne
infections such as botulism. Animal populations may
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also increase with a warmer climate and influence
the spread of zoonotic infectious diseases to humans.
Bears, walrus, certain types of seal, foxes and other
wild animals can carry Trichinella spiralis (Appleyard
and Gajadhar, 2000). If humans eat improperly cooked
meat from these animals they may acquire trichinosis.

Food-borne botulism is caused by eating
contaminated foods that contain a nerve toxin that
is produced by the bacterium Clostridium botulinum.
High incidence of botulism in Arctic areas of Canada,
Alaska, and Greenland was accounted for by the
preparation of traditional fermented foods, such as fish,
seal, and whale (Parkinson and Butler, 2005). There is a
hypothesis that there may be increases in food-borne
botulism in these Arctic regions as a result of warmer
ambient temperatures associated with climate change
(Parkinson and Butler, 2005).

Cases of trichinosis have been reported in the
medical literature in Arctic areas of Canada (Margolis
et al., 1979; MacLean et al, 1989; Schellenberg et al.,
2003), Greenland (Kapel, 1997; Meller et al., 2005) and
Scandinavia (Kapel, 1997). A recent dissertation by
Moller (2007) reported two small human outbreaks
of trichinosis in Greenland in 2001/02. Risk factors
associated with seropositivity of Trichinella included:
age (+4o years), high intake of traditional food and polar
bearmeat, and living in hunting areas (Meller, 2007). The
study also found a decline in seroprevalence over time
and suggested that this was a reflection of the transition
from consumption of game meat to industrialized food
products. A primary prevention program for trichinosis
was introduced in Nunavik in 1992 and led to the
successful resolution of a trichinosis outbreak in 1997
(Proulx et al., 2002). For this program, all municipalities
in Nunavik were offered the opportunity to test
samples of meat from newly harvested walrus for the
presence of Trichinella larvae. The samples were flown
to a research center and results were communicated to
the community as quickly as possible. Hunters were
advised not to distribute or consume any of the meat
until the samples had been analyzed. A pamphlet and
video were also widely distributed to inform the public
about trichinosis and hunters were trained in sample-
collection procedures (Proulx et al., 2002).

In western Siberia, the prevalence of the helminth
parasite (Opistorchis felineus) exceeds 50% in some
populations. The larval form is spread through the
consumption of some types of fish (Kozlov et al,
2007).

3.5. Conclusions and recommendations

Progress has been made in assessing the nutrient status,
nutrient intakes, dietary quality, and exposure to food-
borne contaminants in traditional food diets since the
previous AMAP assessment of human health in the
Arctic (AMAP, 2003). This progress has also been due
to improvements in assessment quality (see Chapter
4). One result is that the view concerning traditional
foods’ contribution to the supply of vitamin A has
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become more favorable, but that the estimated intakes
of vitamins A, D, and C, magnesium, iron, calcium, and
folate in the indigenous populations tend to be lower
than recommended, and nutritional deficiencies are
prevalent in some Arctic populations.

Updated, accessible, and comparable information
about nutritional intake is sparse from Arctic
circumpolar populations outside Alaska, Greenland,
and Canada, especially from Russia. Nevertheless,
the decreasing proportion of traditional foods in the
studied diets has had a negative impact on the intakes
of most nutrients; usually accompanied by a negative
cultural, social, psychological, and economic impact.
On the other hand, imported foods appear to contribute
positively to intakes of vitamin C, folate, and calcium,
but underestimates of intake from traditional diets
have been likely due to the wide variety of animal and
plant species that such diets usually contain. Future
studies concerning nutrient intake should also include
assessments of consumption and nutritional contents
of locally harvested plant food. Nevertheless, the
nutritional status and intake appear to be of concern
for children and youth; groups for which there has
been widespread replacement of traditional food by a
diet high in sugar and other foods with low nutrient
density.

Ideally, information about nutrient and food intakes
should be combined with assessments of dietary
exposure to contaminants and contaminant levels in
foods. However, total dietary assessments that include
analyses of contaminant levels have only been carried
out in Greenland and Canada. The findings indicated
that large proportions of the studied populations in
Greenland exceeded the TDI values set for chlordanes
and Hg. Studies in other Arctic regions, undertaken
on single food items from game, revealed relatively
high levels of contaminants in marine mammals,
especially polar bears and some seabird species.
Organic contaminant levels in marine mammals are
highest in the blubber, while Hg was found in highest
concentrations in liver and kidney. Little is known
about levels of contaminants in the liver of most fish
species. The investigated contaminant levels in local
marine food sources appear to be decreasing for PCBs
and DDT in Arctic Canada and Russia and for PCBs in
Greenland, whereas Hg seems to be increasing in Arctic
Canada and northwestern Greenland.

It is not feasible to provide specific dietary re-
commendations that apply to all Arctic populations
because the diet and local food sources, their role,
amount consumed, and levels of contaminants in
the biota vary to a large extent within and between
populations and within and between areas of the
circumpolar Arctic. More food-choice research in Arctic
populations is needed in order to be able to provide
effective dietary advice. In general, traditional foods,
including fish, should be recommended and dietary
advice about this food should be based upon local
conditions and exercised with prudence, especially
in indigenous populations, but people should be
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informed about how they may lower their intake of
contaminants. However, the use of Pb for ammunition
should cease. Particular attention, both to nutritional
quality of diet and exposure to contaminants through
foods, should be given to children and pregnant wo-
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men, who are at particular risk for adverse effects. Thus,
additional item-specific and dietary-exposure studies
and monitoring are needed in more populations and
regions. A thorough discussion about public health
relevance is provided in Chapter 9.
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Analytical Quality Assurance and Quality Control

Kristin Olafsdéttir, Torkjel M. Sandanger, Jean-Philippe Weber

Summary

For more than two decades, researchers from AMAP
countries have relied on the data produced by various
laboratories to determine the exposure of Arctic
populations to persistent organic pollutants (POPs) and
heavy metals. In order to establish meaningful temp-
oral trends and spatial distributions in exposure levels,
the uncertainties resulting from variations in laborat-
ory performance over time or among laboratories
should be as low as possible. Given the analytical
difficulties, variations of 20% or less are considered
acceptable. If there are significant variations in the
accuracy of results, the biases should be estimated, so
as to enable the application of correction factors, or such
data should at least be flagged.

Laboratories should therefore participate in
intercomparison exercises on a regular basis to
determine their performance, relative to that of their
peers, in an objective manner. Several international
external quality assessment schemes (EQAS) exist for
metals in human biological fluids and laboratories
should participate actively in one or more. This was
not the case for POPs in human serum however, where
no ongoing intercomparison program existed when
the AMAP Ring Test was initiated in 2001 (with the
exception of The German EQAS based at the Institute
and Out-Patient Clinic of Occupational, Social and
Environmental Medicine of the University Erlangen-
Nuremberg). Laboratories producing AMAP data were
required to participate in the AMAP Ring Test. Results
indicated that performance between 2001 and 2007
was generally acceptable. Some biases were identified,
however, especially when new compounds were
introduced. It was shown that lipid determinations were
very method-dependent, with gravimetric methods
yielding significantly underestimated results.

The difficulties inherent in comparing data from
several laboratories, with different detection limits,
were illustrated by reference to the new Russian data
on persistent toxic substances. The use of appropriate
statistical techniques was crucial in allowing mean-
ingful comparisons.

Emerging persistent compounds create new
challenges for laboratories, requiring new analytical
technologies and lower detection limits. To ensure
comparability of data produced by different laboratories
it is essential that EQAS be developed for these
substances.

Itisrecommended that AMAP takes a more proactive
role in ensuring that good quality data are produced by
all contributing laboratories. AMAP should determine,
promulgate, and enforce formal performance
requirements for the measurement of POPs, including

emerging compounds, and in future should accept
data only from laboratories conforming with these
performance requirements. It is also recommended that
serum lipids be measured using standard enzymatic
methods rather than gravimetric methods.

41. Introduction

Reliability of analytical data is essential to correctly
assess health effects as well as to interpret temporal
trends and spatial distributions. A number of
laboratories from the AMAP countries are reporting
contaminant levels in human samples. It is therefore
essential to establish the quality and comparability of
the data provided by these laboratories. The quality and
comparability of the samples analyzed by the different
laboratories is equally important; this issue lies outside
the scope of the present chapter, however.

411. Demonstrating the quality of
laboratory data

Two questions should be asked:

1. Does the laboratory have the potential for producing
good quality data?

This will include adequate infrastructure, approp-
riate equipment, trained personnel, and appropriate
administrative and operating procedures, which can
be verified by onsite inspection. Accreditation by the
laboratory to a recognized standard, such as ISO/IEC
17025 (ISO, 2005), will ensure that the laboratory is in
a position to produce good quality data.

2. Is the laboratory actually producing good quality
data?

The laboratory must be able to demonstrate that the
procedures by which the data are generated are
reproducible over time and that the data are accurate.

4.1.2. Precision versus accuracy

Precision and accuracy are two terms that may appear
to convey the same information. However, in the field
of measurement they have very specific and different
meanings. ‘Precision’ refers to the repeatability or
reproducibility of a measurement whereas ‘accuracy’
is the degree of conformity with the true value. An
often-used illustration is the target, such as is used
for darts. Precision is achieved when darts are closely
grouped, wherever they lie on the dartboard. Accuracy
describes closeness to the bullseye. For laboratory
results, Figure 4.1 provides a more meaningful
illustration of these two concepts.
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Figure 4-1. Comparison of precision and accuracy.

Laboratories are able to determine the precision of
their analyses by repeatedly measuring the same sam-
ple under specified experimental conditions. ‘Repeata-
bility” is determined by performing the measurement
under the same conditions (within a short time frame,
on the same instrument, by the same operator).
‘Reproducibility’, a more meaningful parameter for
estimating the precision attainable by the laboratory,
requires that the measurements be performed under
varying conditions (over several weeks, by different
operators). A minimum of 20 replicates is considered
adequate to estimate reproducibility.

Accuracy on the other hand, can only be determined
by reference to an external standard (the reference value).
There are two generally accepted means of determining
the accuracy of a laboratory for a given analysis.
The first is through the use of reference materials. A
reference material is defined as a material for which one
or more of its property values (e.g., concentration of the
relevant analyte) are sufficiently homogeneous and well
established that the material may be used to calibrate a
piece of apparatus, to assess a measurement method, or
to assign values to materials. Certified reference materials
(CRMs), accompanied by a certificate, have one or more
of their property values certified by a procedure which
establishes its traceability to an accurate realization of
the unit in which the property values are expressed and
for which each certified value is accompanied by an
uncertainty at a stated level of confidence.

Certified reference materials are available from
producers such as the National Research Council of
Canada, the U.S. National Institute for Standards and
Technology, and the Institute for Reference Materials
and Measurements (formerly the European Bureau
Communautaire de Référence). By analyzing a CRM,
a laboratory can compare its result with the certified
concentration and thus determine its degree of
accuracy. There are two potential problems with this
approach: (1) an appropriate CRM (matrix-matched
with analytes at relevant concentrations) may not be
available, and (2) CRMs cannot be used to demonstrate
a laboratory’s accuracy objectively, because the target
concentration was known by the laboratory prior to
performing the analysis.
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The second means of determining the accuracy of a
laboratory for a given analysis is through participation
in an EQAS, also known as a proficiency testing
or interlaboratory comparison program. An EQAS
functions by having a central laboratory, known as
the scheme organizer, prepare batches of test material,
aliquots of which are distributed to the scheme
participants. Participants are allotted a certain period
in which to analyze the samples and report their
results to the organizer. Results from the participating
laboratories are compiled and analyzed and a report
is produced. The report evaluates the performance of
the laboratories, which remain anonymous and are
identified only by a code number.

4.2. Synthesis of quality assurance data
obtained from the AMAP Ring Test,
2002 - 2007

The AMAP Ring Test is an EQAS that was initiated
in 2001, with the objective of providing a means of
comparing the quality of data produced by laboratories
involved in the measurement of POPs in samples of
human origin from Arctic countries (Weber, 2002).

4.2.1. A brief history of the AMAP Ring Test

The AMAP Human Health Assessment Group,
concerned with the accuracy and comparability of data
originating from laboratories, recommended in 2000
that a quality assessment (QA) program be established
for POPs in human samples.

Owing to its 22-year continuous experience in
organizing interlaboratory comparison programs for
heavy metals in human biological fluids (Weber, 1996),
the Centre de Toxicologie du Québec, was selected to
implement the program. Initial funding was provided
by Health Canada.

Preliminary trials were successfully undertaken with
three laboratories: The Canadian Centre de toxicologie
of the Institut national de santé publique du Québec, the
American National Center for Environmental Health
at the Centers for Disease Control and Prevention,
and the Norwegian Institute for Air Research. A first
round was conducted in 2001, with 32 participating
laboratories recruited. To ensure high participation, this
first exercise was free of charge. Three serum specimens
were prepared; each spiked with PCB congeners 28, 118,
138, 153, 170, and 180 as well as DDT, DDE, and Mirex,
and sent to laboratories in May. The initial deadline
for reporting results was extended from 20 June to
October, to enhance the response. Analysis of the data
indicated good overall performance for this first round
of the AMAP Ring Test, although some problems were
apparent, notably with DDT and Mirex.

In 2002, a permanent structure was given to the
AMAP Ring Test, including a published annual schedule
of three rounds with specified deadlines. To ensure a
sufficient pool of reporting laboratories, participation
was extended to all interested laboratories regardless
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of their involvement with AMAP. Oxychlordane and
[-hexachlorocyclohexane (HCH) were added to the
list of analytes, and Mirex was removed. Quantitative
scoring criteria were introduced for formal evaluation
of performance. The application of fees, necessary
for self-funding of the program led to a decrease in
participation. The performance of the remaining
laboratories was generally very good. One of the
samples sent to participants was actually NIST (National
Institute of Standards and Technology) Serum Standard
Reference Material 1589 for POPs in serum. Analysis
of results from participants showed convincingly that
some of the NIST-certified values were inaccurate. NIST
was informed and eventually revised its certificate.

The most notable change in 2003 was the addition
of toxaphene congeners Parlar 26 and s50. Excellent
performance was observed for most participants. In
2004, participants were offered the option of reporting
lipid results. It was noted that lipid results were
significantly higher for laboratories using enzymatic
methods, compared to those wusing gravimetric
methods. A decrease in participation coincided with
an increase in fees, despite the modest nature of this
increase (around 20%).

In 2005, four new analytes were added, including
two  polybrominated  diphenylethers  (PBDEs)
congeners (BDE47 and BDEgg) and two organochlorine
pesticides, trans-nonachlor and hexachlorobenzene
(HCB). Although initially poor, the performance for
PBDEs improved significantly after three rounds. No
modifications were brought to the Ring Test for 2006
and overall performance remained at the same level.

There was a major overhaul of the program in 2007
with the introduction of several new analytes, bringing
the total to 32. The new analytes were:

¢ Perfluorinated compounds (perfluorooctanoic acid
[PFOA] and perfluorooctane sulfonate [PFOS])

¢ Three new PCB congeners (CBs 74, 99, 105)

¢ Six new PBDE congeners (BDEs 23, 100, 153, 154, 183,
209)

¢ Individual lipid components (free and
cholesterol, phospholipids, triglycerides)

total

To better analyze the new wealth of data generated,
modifications were required to the scoring system. In
line with other EQAS, the zonal scores were replaced
by z-scores from which composite z-scores, the Rescaled
Sum of z scores (RSZ) and the Sum of Squared z-scores
(SSZ), could be calculated for each class of analytes,
thereby enabling a better appreciation of the laboratories’
strengths and weaknesses. Details of the calculation
and interpretation of these two performance indicators
are given in Appendix 4.1.

4.2.2. Results from 2002 — 2007
4.2.2.1. Participation

Participation has fluctuated over the years (Figure 4.2).
Currently, 28 laboratories are registered participants.
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Figure 42. Trend in participation in the AMAP Ring-tests.

Of these, 21 are from AMAP countries, but only 12 are
actually providing data for use by AMAP. It is also
possible that some data provided to AMAP are produced
by non-participating laboratories.

4.2.2.2. Analytes

Analytes for which performance is compiled are those
for which a sufficient body of data exists.

4.2.2.3. Performance (for each analyte) and overall
performance trends

Evolution of performance over timeisillustrated for CB28
(Figure 4.3) and CB138 (Figure 4.4), using the Ring Test’s
criteria for good (within 20% of target) and acceptable
(within 40% of target). Details of the performance
calculation are given in Appendix 4.1. Briefly, each ‘good’
result yields two points and each ‘acceptable’ result
yields one point. For each participant, all analyte scores
are added and normalized. Thus a participant reporting
all ‘good’ results would score 100%. The proportion of
participants achieving these goals is plotted, using year-
end performance for each year between 2001 and 2007
(for 2007, performance observed for the second round
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Figure 4:3. Performance trends for individual analytes: CB28.
Data from all participants are plotted.
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was used). Data from all participating laboratories was
used, whether or not they were AMAP contributors.

For CB28, an example of a less-persistent PCB
congener, the proportion of laboratories with acceptable
and good results increased from 70% to 90%, and from
63% to 80%, between 2001 and 2007, respectively. For
persistent PCB congeners, such as CB138 (Figure 4.4), the
trend is even more pronounced. A similar trend is seen
for most analytes, although year-to-year fluctuations
may show surprising reversals (e.g., toxaphene).

4.2.2.4. Individual performance

A more relevant measure may be the performance of
an individual laboratory contributing data to AMAP. It
is particularly important to determine whether biases
exist, that is, whether a laboratory consistently over-
or underestimates their results over time, because
this will affect the comparison of data from different
laboratories (and thus, ultimately, countries). To
measure bias, the RSZ was calculated for the different
chemical families (PCBs, organochlorine pesticides,
toxaphenes, and PBDEs, as well as for total serum lipids,
this last parameter being used to normalize results with
respect to individual fluctuations in lipid levels) for
each laboratory. As an example, Figure 4.5 shows the
individual RSZs for the 17 rounds between January 2002
and June 2007 for a participating laboratory with a good
performance (one whose performance is better than the
mean). To be acceptable, results must lie between —2
and +2, corresponding to a + 40% difference from the
target value. More importantly, the data should not lie
consistently on the same side of the o-ordinate as this
would indicate systematic error, or bias over time. For
PCBs, this representative laboratory generated data
that were generally acceptable but were overestimated
from 2004 to the beginning of 2005 (Figure 4.5). Data
for organochlorine pesticides were almost always
within the acceptable range. The PBDE and toxaphene
data were very close to the target value and within the
acceptable range of + 2 z.

A more detailed appreciation of a laboratory’s
performance is achieved by examining the data for
individual analytes. Figure 4.6 shows the performance
of the example laboratory for nine PCB congeners. In
this case, sequential sample numbers, rather than round
numbers are plotted on the x-axis. Since each round
comprised three samples, the number of data points
plotted is correspondingly higher.

4.2.2.5. Lipid measurements

Levels of POPs in human serum are routinely reported
on a lipid-adjusted basis, as a means of reducing intra-
and inter-individual variations. The rationale for this
adjustment is that POPs levels in circulating lipids are in
equilibrium with those in stored body fat. This, however,
necessitates the measurement of circulating lipids, with
the potential for additional error. To determine whether
participating laboratories were capable of reliably
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measuring lipids, this parameter was introduced into
the Ring Test in 2004.

Lipids in blood are usually determined by gravimetric
or enzymatic methods. The latter measures some or all of
the individual lipid components which are then summed
using various formulae. For gravimetric methods the
lipids are extracted from the serum matrix, and the
extract is then dried and weighed.

Overall performance for lipid determinationimproved
between 2004 and 200y (Figure 4;). The performance
criteria were the same as for POPs, that is, good (within
20% of target) and acceptable (within 40% of target).

However, overall performance is no predictor of
individual bias. Figure 4.8 compares the lipid results
from two laboratories between 2004 and 2007. It is clear
that one laboratory had a tendency to overestimate lipid
levels by 20% to 30% between 2004 and 2006, while the
other underestimated lipid levels by 30% or more over
this period. Both laboratories appear to have improved
during 2007. These systematic differences are fraught
with consequence, because even if the laboratories
had generated identical POPs measurements, the lipid-
adjusted results would be 50% higher for the laboratory
underestimating lipid levels.

Gravimetric methods are most suited to matrices
that are rich in lipids (e.g,, fatty tissues, milk) and where
sufficient sample volume is available for analysis. This is
clearly not the case with blood serum or plasma, where
the sample available for lipid determination is generally
less than o5 mL. Extracting, drying, and weighing
the lipids from such a tiny sample volume requires
great technical proficiency and is thus very operator-
dependent.

Enzymatic methods are performed on a routine basis
by clinical laboratories all over the world to evaluate the
health status of individuals based on their blood lipid
status. Such methods require small quantities of plasma
or serum (<o.1 mL). These routine measurements include
two major categories of circulating lipids: total cholesterol
and triglycerides. The other major category of circulating
lipids, phospholipids, is less frequently analyzed, but is
available from specialized clinical laboratories. This is
also the case for free cholesterol. Clinical laboratories
generally measure lipids using automated laboratory
analyzers and proprietary technology available from
clinical instrument manufacturers. These instruments
have built-in quality control. Clinical laboratories
in North America and Europe are also required to
participate successfully in EQAS.

Lipid results submitted by participants in the AMAP
Ring Test between 2004 and 2007 show that enzymatic
methods generally yield higher results than gravimetric
methods. This is illustrated in Figure 4.9 where the ratio:

(E/G)-1 4.1)

where E= mean enzymatic results and G = mean
gravimetric results, has been plotted for 18 samples
analyzed during 2006 and 2007. For 14 of the 18 samples,
enzymatic results were significantly higher (10% to
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25%) than the gravimetric results, whereas gravimetric
results were higher (~ 7%) in the four remaining cases.
The data also show that there is less variability among
laboratories using enzymatic methods.

4.2.2.6. Comparing enzymatic lipid results

Total serum lipids are determined by summing the
individual lipid components. When all four major lipid
categories are measured the following equation can be
used:

TL=1.677 x (TC - FC) + FC + TG +PL (Akins)  (4.2)

where TL is total serum lipids, TC is total cholesterol,
FC is free cholesterol, TG is triglycerides, and PL
is phospholipids. This equation was derived at the
American National Center for Environmental Health
at the Centers for Disease Control and Prevention
(Akins et al, 1989) after a comparison of gravimetric
and enzymatic results for human blood pools. It yields
results essentially identical to those from the gravimetric
method and is used by at least two AMAP laboratories
in evaluating lipid values.

Because phospholipid measurements are not always
available, efforts have been made to evaluate alternative
methods of obtaining total serum lipids, using only total
cholesterol, free cholesterol, and triglyceride data.

Phillips et al. (1989) devised a ‘short’ formula for
estimating total serum lipids using only total cholesterol
and triglyceride measurements:

TL=227xTC+TG+0.623 (Phillips)  (4.3)

Rylander et al. (2006) showed that 97.2% of the
variation in total serum lipids could be explained by the
sum of the triglyceride and cholesterol concentrations.
They thus proposed to calculate total serum lipids from
total cholesterol and triglycerides using the following
equation:

TL=09+ 1.3 x (TC + TG) (Rylander) @4

Covaci et al. (2006), using multiple linear regression
on a large data set of lipid measurements from Belgium,
arrived at another short formula using triglycerides and
total cholesterol:

TL=133 x TG+ 1.12 x TC + 148 (Covaci)  (4.5)

Bernert et al. (2007) measured the four lipid
components on 899 stored blood samples and
compared the performance of the preceding ‘short’
equations in predicting total lipids. They concluded
that the Phillips equation (eqn. 4.3) provided results
similar to those from the Akins method (eqn. 4.2),
and that both the Rylander (eqn. 4.4) and the Covaci
(eqn. 4.5) equations underestimated the total lipid
concentration by 15% to 25%.

The same conclusion was obtained by The Canadian
Centre de toxicologie of the Institut national de santé
publique du Québec (LeBlanc, A., pers. comm., 2008)
when comparing these equations on lipid data obtained
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Figure 4-10. Calculation of total lipids in serum from enzymatic
data.

from 212 human serum specimens. Figure 4.10 shows
that the Phillips-calculated lipid data are well correlated
with the Akins-calculated lipid data (r* = 0.99), with a
slope close to 0.96, almost coincident with the diagonal.
The other two equations are less well correlated and
more importantly deviate significantly from the ideal
slope.

4.2.3. Overall discussion of the Ring Test

The proficiency of participants in the AMAP Ring Test
is determined from the proportion of laboratories within
different scoring categories. To this end, participants were
assigned to four performance categories: excellent (90%
or above), good (70% to 9o%), acceptable (60% to 70%), and
need improvement (below 60%).

Changes in performance for the 14 rounds undertaken
between 2002 and 2006 are shown in Table 4.1. Data
for 2007 were not included in the table because the
program was revised considerably at the start of 2007,
with new analytes added, which makes a comparison
of performance with previous years difficult. Although
performance clearly fluctuates, there is a definite trend
toward the proportion of laboratories showing excellent
or good performance increasing slowly with time. This is
illustrated in Figure 4.11, which shows a modest increase
in performance over time, and with 80% of participating
laboratories achieving good or excellent performance
after the first two years of the Ring Test. However, this
is a gross measure of overall performance which cannot
address individual variations.

For the purpose of AMAP data comparability, it is
more useful to examine the performance of individual
participants, for each of the analytes. Fluctuations
in performance are to be expected, both within and
between laboratories. As long as there is no systematic
over- or underestimation by a particular laboratory, or
during a particular period, these fluctuations should
have relatively little effect on the conclusions drawn from
the composite data. However, if results from a laboratory
are systematically under- or overestimated (i.e., biased),
then the subject data will be correspondingly affected.
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Table 4-1. Performance (%) over time in the AMAP Ring Test.

Round Excellent, Good, Acceptable, Need
>90% 70-90% 60-70%  improvement,
<60%
2002-1 24 36 12 28
2002-2 21 49 14 16
2003-1 38 24 10 29
2003-2 32 32 14 23
2003-3 35 35 10 20
2004-1 43 43 0 14
2004-2 37 53 0 10
2004-3 37 26 5 32
2005-1 38 48 - 14
2005-2 38 38 24 -
2005-3 39 48 - 13
2006-1 54 21 4 21
2006-2 35 30 13 22
2006-3 33 50 - 17

To help determine whether bias is present and to
what extent it may affect results, individual performance
of selected laboratories (those known to be suppliers of
data to researchers within the AMAP Human Health
Assessment Group) was examined over the period 2002
to 2007. The following analytes were examined for bias
or unusual fluctuations: PCB congeners 28, 118, 138, 153,
170 and 180; the organochlorine pesticides DDE, DDT,
HCB, HCH, trans-nonachlor, oxychlordane, toxaphene
congeners Parlar 26 and 50; and total serum lipids. The
results, which are summarized in Table 4.2, should be
useful to those whose task it is to compile and compare
data from the various AMAP regions.

The AMAP Ring Test has been very useful in
evaluating laboratory proficiency with respect to the
measurement of PCBs and organochlorine pesticides in
serum, over its first six years of operation. The program
has clearly helped laboratories to improve their analytical
quality and its continuation is encouraged, especially as
no comparable program exists. It can be concluded that
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Figure 4-11. Performance trends for POPs 2002 to 2006.
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the laboratories that produce data for AMAP monitoring
purposes generally do so with acceptable quality.
However in some cases, biases were identified and these
should be taken into account when comparing data
between regions and over time.

For serum lipids, the program demonstrated
convincingly that results were very method-dependent
and that to accurately measure lipid levels in human
serum requires the use of enzymatic methods.
Gravimetric methods are difficult to apply to the very
small sample volumes (typically 0.5 mL or less) available
and often lead to underestimated levels. The ‘gold
standard’ in serum lipid determination requires the
measurement of four components: total cholesterol, free
cholesterol, triglycerides, and phospholipids. Because
phospholipids, and to a lesser extent free cholesterol
measurements are not widely available, formulae
linking total serum lipids to total cholesterol and
triglycerides have been proposed by several authors.
The Phillips formula (eqn. 4.3) best approximates results
from the reference Akins formula (eqn. 4.2).

4.3. QA for metals

In contrast to the situation for POPs in human samples,
several international EQAS exist for metals in biological
fluids, as well as a number of national schemes (for
which participation is usually restricted to within-
country laboratories). International schemes include:

¢ The UK Trace Element Quality Assessment Scheme
(University of Surrey, Guilford)

* The German External Quality Assessment Scheme
(Institute and Out-Patient Clinic of Occupational,
Social and Environmental Medicine of the University
Erlangen-Nuremberg)

¢ The Interlaboratory Comparison Program for Metals
in Biological Matrices (The Canadian Centre de
toxicologie of the Institut national de santé publique
du Québec)

e The Quebec Multielement External Quality
Assessment Scheme (The Canadian Centre de
toxicologie of the Institut national de santé publique
du Québec)

National EQAS are operated within many countries,
including France, Belgium, Spain, Italy, the UK and the
United States. Most of these schemes have been operating
for a decade or more, and so laboratories analyzing heavy
metals in human biological fluids and tissues have had
the opportunity to validate the quality of their results by
participating in these schemes. It is accepted practice for
laboratories working in this field to do so.

Performance criteria vary among schemes. Some
criteria are embedded within national legislation
whereas others are determined by clinical relevance
and achievable performance. In an attempt to
harmonize performance criteria, the Organizers of
EQAS for Occupational and Environmental Laboratory
Medicine, regrouping intercomparison programs from
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Table 42. Observed bias and variability in AMAP Ring Test: 2002 to 2007.

Laboratory PCB congeners
Code CB28 CB118 CB138
2003 Slight negative bias (<10%). 2003: ~10%; 2004-5: -15%; 2002 to 2003: variable (+ or -)
2006-7: ~10%. 2004 to 2007: —20%.

2004 OK OK 2002-3: OK; 2004: many high values >40% over
target, some >60%; 2005-7: generally OK,
occasional very high values (>60%).

2008 OK OK OK

2014 Variable: many missing data points. OK OK (three high spikes, >60% over target).

2015 Many missing data points (all Generally OK High spikes

PCBs).
2017 2002, 2004: five low values OK OK
(20-30%). 2006-7: +10-20%.
2019 Participated only in 2002: variable See CB28 See CB28
results for all analytes.
2023 OK, three high spikes and some OK OK
variability.
2024 Participated only twice, first round See CB28 See CB28
each of 2002 and 2003: limited
number of analytes: data not
useable.
2028 Participated 2002 to 2005: very Very variable, generally OK but some high spikes.
variable, some >06% over target, high (seven >60% above).
others <60% below.
Laboratory Organochlorine pesticides
Code DDE DDT HCB HCH
2003 -20% but variable. 2002: very high (+60% and more); -15%. OK
2003-4: OK; 2005: —20%; 2006-7: very
variable (+ and —); Data not useable for
this analyte.
2004 OK OK OK OK
2008 OK 2002-3: ~10%; 2004-2005 (first OK 2002-2005 (first round): OK; 2005
round): OK; 2005(second round) to (second round) to 2007: —20%.
2007: -20%.

2014 OK OK Insufficient OK

data.

2015 Many missing data points OK OK OK

(all organochlorines).
Generally OK
2017 OK OK but four high spikes 2002 — 2005. OK OK
(>60%)
2019 See CB28 See CB28 See CB28 See CB28
2023 OK 2002: very variable; 2003: OK; 2004 ~=10% OK
(first two rounds): —20%; 2004 (last
round) to 2005 (second round):
+15%; 2005 (third) to 2006: +20-30%;
2007 (round two) ~ =10%.
2024 See CB28 See CB28 See CB28 See CB28
2028 Variable Variable 2002-4, generally high Few data Variable

(+20-60% above) 2005-6: variable.

points, high.
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PCB congeners

CB153 CB170 CB180

Variable but OK 2002 first two rounds: OK; 2002 last round to 2003 second round: Generally follows CB170 but
—40%; 2003 third round to 2004 first round: OK; 2004 second round to with reduced amplitude.
end 2004: —30%; 2005 first two rounds: OK; 2005 third round to 2006
first round: —20%; 2006 second round to end 2006: OK; 2007: -40%.
OK OK but several high values > 60% above target (5 in all over 6 years). OK
OK OK OK
OK Variable, generally close to target, five high spikes (>60% above). 2002 to mid-2006: OK; 2006
(two rounds): ~+40%; 2007: OK.
OK OK OK
OK OK OK
See CB28 See CB28 See CB28
OK OK but four high spikes. 2002-2003: —20%; 2004: =10%;
2005-2007 : -20%.
See CB28 See CB28 See CB28
+10 %, some variability. —20% but variable. OK
Organochlorine pesticides Toxaphenes Lipid
trans-Nnonachlor Oxychlordane Parlars 26 and 50
2002-2004 no data; =25 to -30%. OK OK
2005-2007: OK.
OK OK Insufficient data. 2006-7 only: +10%.
OK OK OK 2004-2005: +20%;
2006-7: OK.
OK, but many 2002: OK; 2003: low, —20%; 2004: high (+60%); Many missing data points. No data
missing data 2004 (third round) to 2005: no data; 2006 (one 2006-7: high by 20-30%.
points. round): >60% above target; 2007(round 2): OK.
OK OK Extremely sparse data but OK. No data
OK OK OK No data
See CB28 See CB28 No data No data
2005-7: =30 to —60%. Some variability 2003-5: OK; 2006-7: =20%; (P26 2004-2006 (round two)
OK for 2nd round 2007). =20 to —25%; 2006 (third
round) to 2007: OK.
See CB28 See CB28 No data No data
No data -20%, variable. Few data points, variable. OK (2004-5).
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ten countries, has published guidelines for medical
surveillance and laboratory measurement of lead in
blood and air (Taylor et al., 2007; Arnaud et al., 2008).
The group is examining performance for other metals
of toxicological interest and will be issuing further
guidelines.

44. Synthesis of QA/QC data for new
Russian data

Four laboratories in Russia analyzed samples and
supplied data for the AMAP assessment on persistent
toxic substances, food security, and indigenous peoples
of the Russian North (AMAP, 2004b). For POPs, three
of the four laboratories participated in the AMAP Ring
Test, and demonstrated acceptable performance. There
has been no external quality control of results from the
fourth laboratory.

The laboratories analyzed a different number of
samples from each region. This complicated the statistics
considerably because potential differences between
laboratories could be interpreted as differences between
regions. A significant challenge in combining these
data into a single database concerned the differences
in detection limits and how to replace values below
detection limits. Two of the laboratories analyzed 2 mL
samples only, whereas the other two analyzed samples
of 2 mL to 6 mL and so had much larger variation in
their detection limits. In addition to variations resulting
from different plasma volumes, instrumental differences
also influence detection limits. On the basis of work by
Anda et al. (2007), a conservative approach was chosen
for this assessment using the detection limits achieved
when analyzing 2 mL samples. Values below the highest
detection limit (LOD) were replaced by: 1/¥2 LOD values,
for all compounds.

Although this conservative approach reduced
the amount of information held in the dataset, it also
reduced the chances of drawing erroneous conclusions.
For some congeners, in particular those with low
detection frequency, this could influence mean values. In
accordance with accepted practices, statistical analysis
can be performed on raw data (expressed here as mass
of analyte per volume of serum, i.e, wet weight) for all
congeners for which the detection frequency was above
70%. Care must be taken when stratifying the data that
no single group or category has a frequency of more that
60% below the detection limit.

A comparison of wet weight values between
laboratories and regions givesno indication of values that
are unreliable and too high. There is thus no systematic
error for any of the laboratories in overestimating levels.
The majority of the wet weight data could therefore
be merged and treated statistically when using the
conservative detection limit approach.

It was however not possible to perform comparisons
on lipid-adjusted data because of the variability in the
measurement of lipids. Two laboratories determined
lipids enzymatically, while the other two determined
lipids gravimetrically. Analysis of the lipid weight
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data revealed that at least one of the laboratories was
systematically underestimating lipids, relative to
what is expected in human plasma samples. In fasting
samples the lipid level is expected to be between 0.45%
and 1.0%. Taking into account that the individuals
were not fasting when the samples were obtained,
the lipids would be expected to be higher than the
reference values. However, 45% of the data from
this particular laboratory had lipid values of below
03%. These data were not added to the lipid-adjusted
database. Underestimation of lipids was confirmed by
the AMAP Ring Test results, even though the Ring Test
data were not from the same time period as the samples
analyzed.

On this basis, it is advised that no statistics should
be undertaken on the lipid-adjusted data. Alternatively,
an arbitrary lipid value, such as the known mean
lipid level in that population could be assigned to the
individual results. This would enable comparisons with
results from other countries. Regional comparisons can
probably be made for some compounds. As for the wet
weight data, statistics can be performed on compounds
for which more than 70% of results are above the
detection limit.

45. Compiling and synthesizing QA/QC
data for emerging compounds

Most of the ‘legacy’ POPs have now been banned
or their use severely curtailed. However, many new
compounds are being developed, some of which are
sufficiently persistent to accumulate in the environment.
Monitoring the presence of these ‘emerging’ compounds
in human tissues is important to allow policy makers to
take appropriate measures and so avoid health risks in
exposed populations.

Although there is still discussion about their relative
importance or actual threat to human health, some of
the emerging compounds of concern include:

¢ Brominated flame retardants, a generic class which
includes the following: tetrabromobisphenol-A
(TBBPA),  hexabromocyclododecane (HBCD),
polybrominated biphenyls (PBBs), and
polybrominated diphenylethers (PBDEs). PBDEs are
currently of greatest interest.

¢ Perfluorinated chemicals, including PFOS, PFOA,
and perfluorohexanesulfonate (PFHS)

¢ Bisphenol-A (BPA)
¢ Alkylphenols

e Phthalates

This list is not exhaustive; as these compounds are
identified and possibly phased out, other, substituent
compounds could turn out to have a greater impact on
health. The three latter groups of compounds are not
lipophilic and are better investigated in urine.

Measuring these emerging chemicals poses
challenges for analytical laboratories. Biological levels
are mostly very low, thus straining the capability
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of even sophisticated analytical instrumentation.
Some compounds (e.g, PFOS) require measurement
technology that is not currently available in many
laboratories. Presently, only a few laboratories have
sufficient experience in analyzing these compounds
to produce reliable results. The paucity and cost of
analytical standards and reference materials are
significant obstacles to improving the situation.

There is clearly a need to monitor prospectively
the performance of laboratories measuring these
chemicals in human biological media. The AMAP
Ring Test responded to the challenge by adding
PBDEs and perfluorinated chemicals in 2007. However,
consideration should be given to providing external
quality assurance for a larger range of emerging
compounds.

4.6. Conclusions and recommendations

Monitoring of population exposure to persistent
environmental toxicants requires laboratory data of
high quality. For the evaluation of spatial distribution
and temporal trends, it is essential that data obtained
over time, and by different laboratories be consistent
and comparable. An EQAS is the only practical means of
evaluating quality of data among laboratories. For POPs
in human serum, the AMAP Ring Test, an EQAS which
has operated since 2001, has allowed an evaluation of
laboratory performance and has been instrumental
in improving the quality of data generated by the
laboratories.

Data from an EQAS can be used to identify systematic
error or bias by examining the long-term performance
of each participant. Analysis of the data submitted by
participants in the AMAP Ring Test has not shown
any significant bias between the laboratories for the
measurement of POPs.

Accurate measurement of serum lipids is of
paramountimportance, because any error in evaluating
this parameter will be reflected in the lipid-adjusted
result. It is clear that gravimetric methods are not
sufficiently reliable for this purpose. It is therefore
recommended that AMAP-reporting laboratories
determine serum lipids using enzymatic methodology
(routinely available in most clinical laboratories).
Ideally, the four principal lipid components should
be measured, and the Akins formula applied to the
results. If phospholipid determination is not available,
applying the Phillips formula to the total cholesterol
and triglyceride results should yield comparable
results for total serum lipids.

Accurate determination of heavy metal levels in
serum is achievable in qualified laboratories. To ensure
quality of results, laboratories supplying analytical
results to AMAP-related human health research, for
heavy metals in blood, urine, hair, or other human
biological tissues should participate in a recognized
EQAS which offers an ongoing quality assessment
for the analytes of interest. Several recognized
EQAS exist in Europe and North America. Some
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restrict participation to laboratories within their own
country; others are open to all comers. Organizers of
open schemes include, among others, the Institute
and Out-Patient Clinic for Occupational, Social and
Environmental Medicine of the University Erlangen-
Nuremberg (German External Quality Assessment
Scheme for Analyses in Biological Materials, http:/
www.g-equas.de) and the Institut national de santé
publique du Québec (PCI and QMEQAS, http://www.
inspq.qc.ca/ctq/page). Information on other schemes
can be found on the EPTIS website (http:/www.eptis.
bam.de) which contains a worldwide database of ISO-43
accredited EQAS. Laboratories should make available
to their clients the periodic performance evaluations
received from the EQAS organizers.

4.6.1. Striving for higher quality results

Since 2002, laboratories providing data to AMAP have
been encouraged to participate in intercomparison
programs, such as the AMAP Ring Test. Although this
has had a beneficial effect on laboratory performance,
there is no guarantee that all laboratories have generated
accurate and bias-free results.

It is important that AMAP is able to demonstrate
convincingly to its partners and clients (including
the United Nations Environment Programme and the
World Health Organization) that observed trends are
real. It is therefore recommended that AMAP takes
a more proactive role in ensuring that laboratories
provide accurate data for all measured substances,
including heavy metals, legacy POPs, and emerging
contaminants. This will entail:

1. Promulgating acceptability criteria for laboratory
measurements of contaminants in biological
matrices, for AMAP trend monitoring purposes.

2. Enforcing these criteria by requiring laboratories to
demonstrate their proficiency before accepting data
for AMAP purposes.

3. Ensuring that an adequate EQAS for emerging
POPs or other emerging contaminants of concern,
persistent or not, is available to laboratories.

To implement item 1, it is recommended that the
AMAP Human Health Assessment Group be tasked
with establishing performance criteria for contaminants
in human biological media, based on best available
technology and currently achievable performance.

Implementation of Item 2 will need to be discussed:
It will require that all AMAP countries agree to police
their national laboratories, or to defer this task to a
mandated body:.

The AMAP Ring Test has financed its operation solely
through the contribution of participating laboratories.
Because there is only a limited number of participants,
addition of new analytes is not economically feasible in
the current situation. AMAP might find it a wise and
profitable investment to contribute recurring financial
aid to ensure the viability and continued development
of the Ring Test.
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Appendix 4.1

Preparation of Material, Assigned Values,
and Performance Parameters for the AMAP
Ring Test

Al Preparation of proficiency testing material

Proficiency test materials (PTMs) are prepared in-
house from blood obtained from healthy, non-exposed
volunteers. Analytes, as well as potential coeluants are
added in appropriate amounts to the serum matrix.
Individual aliquots of 5 mL of serum are then prepared
and tested for homogeneity. PTMs are kept frozen at
—20 °C until needed.

A2. Determination of assigned values

The assigned value is usually determined using the
median of the data reported by participants, after
removing outliers, which are determined by calculating
themedian absolute deviation (MAD), arobustestimator
of the dispersion of values, and applying Hampel's test
(Bednarova et al., 2006). In exceptional cases, other
means must be used to determine the assigned values.
These cases include: (1) abnormal distribution of data
(e.g., bimodal); (2) the use by participants of biased
methods, or methods subject to interferences; (3) the
inability of some participants to measure low levels of
the analyte; and (4) the PTM being a duplicate. In this
case, the assigned value determined in the initial round
will be used.

For the other cases, the assigned value will be
determined taking into account the following factors:
(1) formulation (i.e., the known spiking concentration);
and (2) results from participants with previous good
performance or not affected by the presence of a
coeluant. In these cases, the justification for not using
the median as the assigned value will be indicated
following the table below.

A.3. Performance criteria and calculations

Performance is evaluated using a zonal system (Taylor et
al, 1986) by which results within + 40% of the assigned
value are attributed 1 point and those also within + 20%
are attributed another point, for a maximum of 2 points
per result. These two levels were chosen as being indicative
of good and acceptable performance respectively. The
annual participant’s score, expressed as a percentage is
therefore calculated as:
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n
o =
Score(%) = 100(Zp,)/2n
i1
where p represents the participant’s score (0,1, or 2) for
each result submitted.

A4. Combining z-scores to evaluate laboratory
proficiency for a class of analytes

Individual z-scores for each laboratory are combined
within a chemical class (e.g.,, PCBs, or organochlorine
pesticides) yielding the two composite scores RSZ
(rescaled sum of z scores) and SSZ (sum of squared
z-scores), which are both indicators of the overall
laboratory proficiency for the specified chemical class
(SSC, 1995). The RSZ, calculated as:

RSZ=YZiNn

i=1

where n = number of scores being combined, uses
the signs of the z-scores to detect bias in an analytical
system. The SSZ, calculated as:
n 2
SSZ=)7i

=1

SSZ does not take into account the signs of the
z-scores and detects abnormally high deviations from
the assigned value, whether positive or negative.

The RSZ and SSZ are complementary scores and both
must be acceptable for a laboratory to be considered
proficient. The RSZ is interpreted using the same scale
as for the individual z-scores. However, it must be
noted that the RSZ will magnify trends. The SSZ has a
chi-squared distribution and will be interpreted using
a chi-squared distribution table at